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Infrasound Phenomenon in Engine Test Cells

RATIONALE

The rationale behind this document is to provide background information on the subject of infrasound as it pertains to the
use of gas turbine engines in indoor test cells. Little information exists as to the driving mechanisms behind this
phenomenon, but it can cause significant problems for a test cell operator, thus it was considered important to educate
the test cell owner about the possible presence of such a condition, and to the possible solutions that may be used to

solve an infrasound prob

lem.
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1. SCOPE

This SAE Aerospace Information Report (AIR) has been written for individuals associated with the ground level testing of
large turbofan and turbojet engines, and particularly those who are interested in infrasound phenomena.
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3. INFRASOUND ANECDOTES

After the construction of a new large test cell, the operator experienced the windows of a nearby building severely rattled
whenever the cell was in operation. Installing a ring diffuser and replacing the exhaust basket with a diffuser grid reduced
the magnitude of the effect but did not stop the windows from rattling. The eventual solution was adding caulk to the
windows to stop them from rattling in their frames.

When a new JT8D test cell was put into service, the owner started receiving telephone calls from residential neighbors
more than a half mile distant. One neighbor complained he was in the shower and his guts vibrated so badly he thought
he was having a heart attack. Another neighbor reported dishes rattling off their shelves and windows rattling. A third
neighbor reported that they thought a train was passing by. Their young son, who loved watching the trains, started to cry
when the “train” turned out to be a phantom caused by the test cell.

In a large test cell, whenever a JT8D engine with a QEC flight nozzle was tested, the main cell door pulsed and shook at
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systems. It may damage the semicircular canals of the middle ear, which control balance, and may affect the inner ear,
and excite resonant frequencies ranging from 0.1 to 25 Hz in particular parts of the body, such as the abdomen, chest or
throat. While infrasound does not usually produce and dramatic health effects during short exposure periods, it certainly
causes disturbance and annoyance to most individuals.
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5. INFRASOUND SOURCES

Generally there are three classes of infrasound sources: (1) the engine itself, (2) the test facility with the engine as the
driver, or (3) the facility dimensions produce a trigger effect causing infrasound by toggling the engine exhaust plume
between two stable flow states.

5.1  The Engine Source

Most engine manufacturers do not generally measure acoustic frequencies below 32 Hz since even the largest 100K
class engines show a pronounced monotonic decrease in dBA from 100 down to 32 Hz. But recent data (Figure 1) taken
with flat response pressure instrumentation shows a slow increase of 10 dB from 32 Hz down to 1 Hz. This data taken in
an outdoor test facility with the engine centerline 15 ft above the ground and at 115 degrees (directly in front of engine is
zero) shows no peaks indicative of a strong resonance generated by the engine itself. Also the level of 90 dB is
significantly lower than the 130 dB or higher that is typical of measurements in a test cell epgine room adjacent to the
exhaust pipe. The initigl conclusion is that infrasound generation requires instabilities in“thg engine exhaust plume
relatively far downstreanj, or an interaction with the ground plane or other structure in the area.

5.2  The Facility Sourcé¢ with Engine as Driver

e::[mot produce the level of infrasound indicated by actuakdata, then the te
echanism which allows energy to be extracted from’the engine exhaust

determine the aero-acoustic coupling details have not produced useful
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If the engine by itself ¢
be a critical part of the
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side to side, rotational,

modes may not be the s

5.3 The Engine source with Facility Trigger

This mode of operation is characterized by the engine exhaust plume deflecting towards one su
initially caused by the Cqanda effect with an acoustic wave-traveling forward to the cell inlet. Thig
from the inlet travels bagk to the exhaust tube and triggers a shift of the engine exhaust plume, a
side of the exhaust tube| This process continues at a primary frequency with timing determined

face of the exhaust tube
pressure wave reflected
taching it to the opposite
by the length of the test

cell inlet system. The prgssure in the engine room will approximate a square wave made up of the primary frequency plus

odd harmonics.
6. TEST EVALUATION TECHNIQUES

There are three test teghniques (Reference 15) that may be used to evaluate and aid in detgrmining a solution to an
engine test cell infrasqund problem: (1) full scale engine test, (2) loudspeaker and variaple frequency amplifier,
(3) explosive or impulsiye noise source. Scale model testing is a fourth technique that may prove useful to compare
proposed solutions prior to-full scale implementation.

6.1  Full Scale Engine Test

The most obvious and realistic approach is to install acoustic instrumentation at problem locations in both the near and far
field as appropriate, and record data while running an engine at a power level known to be a problem. The objective
would be to obtain dB levels and associated frequency spectrums that would identify critical dimensions or lengths in test
cell inlet, engine room, augmentor or exhaust stack that contributed to the infrasound. For example a sound attenuation
panel with a length that corresponded to a frequency peak in the acoustic spectrum. The solution may then be to add a
support to restrain the vibration of this panel or panels. However the complexity of the spectrum and harmonics will
typically cause a degree of uncertainty and several attempts may be required finally isolate and correct the problem. The
primary disadvantage of this approach lies in the cost of required engine runs, availability of an engine known to cause an
infrasound problem and test cell scheduling and down time.
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6.2 Loudspeaker

An alternative procedure that can be effective for internal and near field infrasound is to install a high power loudspeaker
in the engine room, generally at the engine location and facing aft towards the cell exhaust tube. A high power variable
frequency amplifier drives the speaker over a range of test frequencies while acoustic data is recorded at various
locations within and surrounding the test facility. The data obtained will identify elements of the airflow system which
resonate at specific frequencies, and this can be compared with known frequencies reported from monitor stations or
other sources that original identified the infrasound problem. This test has the advantage that it can be run when no
suitable test engine is available and it can be run during cell down time to avoid delaying normal engine test operations.

6.3 Impulsive Source

A noise source that has been used for acoustic evaluation in a limited number of cases is the use of an impulsive devise,
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e data with that obtained
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modifications designed o reduce infrasound vibfations. This may prove useful in determinir]

discussed in section 7 b
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modification of the mode
modified the same press
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6.5 Measurement Inst

low would be the most effective in a particular application.
e scale model approach is described by Freuler and Montgomery
| blast basket end-reduced pressure fluctuations 68%. When the full sc
ure fluctuation:benefit was achieved. Note that a model can address ce

near the-aif. inlet and exhaust stack, but would not generally be useful

umentation

g which of the devices

(Reference 16) where
ble test cell was similarly
| internal infrasound and
for surrounding areas or

Infrasound data can be measured using two types of test equipment:

1.

Microphone: Standard microphones and acoustic recording and analysis equipment can be used for acquiring

infrasound data but care must be taken that both the microphones and recorders are capable of flat response
down to 1 Hz, and preferably down to 0.1 Hz. Special microphones, kulites, or cooling enclosures may be needed

to obtain data in

areas such as within augmentor tubes and exhaust stack.

Pressure Transducers: A standard low range (1.0 psig) pressure transducer can be used which have the

advantage of providing steady state data as well as transient to 20 Hz, if pressure lines are kept short (less than 2
ft). A PC can be used to record data and provide a frequency spectrum by FFT and conversion to db if desired.
Also the pressure transducer clearly shows pressure reversals in areas such as the engine room. A high level of
infrasound has been measured in some test cells which results in positive cell pressure peaks that can cause
failure in cell components such as doors and sound treatment panels.
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7. INFRASOUND REDUCTION DEVICES

7.1 Ring Diffuser

The most common device used for infrasound reduction in test cells is the Ring Diffuser, also known as a Kopper’s harp
or “core buster”. The ring diffuser is a series of small diameter concentric rings, arranged in a cone, and most commonly
inserted in the test cell augmentor tube immediately behind the engine. Some ring diffusers have been located farther
down the augmentor tube, but this is less common. The theory of operation of the ring diffuser is to break up the high
speed core exhaust flow, and diffuse the flow more quickly with the entrained bypass flow. This is expected to breakup
the high flow shear layers between the high-speed core and the slower bypass flow. In addition, the ring diffuser provides
a flow impedance, effectively reducing the bypass ratio and overall exhaust flow velocity, also reducing infrasound
generation. The ring diffuser is a high maintenance item, subject to weld cracking and breakage, since it is placed directly
in the engine core flow.

7.2 Ring Cascades

Ring cascades are a sp§
consists of concentric ai
outward to the walls of
the ring diffuser, but the

7.3 Diffuser Exhaust G

The diffuser exhaust gr|
diffusing grid replaces th

State University (Reference 16) have shown that the diffuser grid reduces low frequency and infi

outside the exhaust sta
exhaust stack. This redd
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he augmentor tube, promoting mixing with the bypass air. The @perating
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rid

d is a diagonal screen, placed in the exhaust\stack at the exit of th
e perforated exhaust basket found in most_engine test cells. Model st

tk. The theory of operation is that the -diffuser grid provides more unit
ces localized high velocity flows in the“éxhaust stack, which are though

H‘a

t cells. The ring cascade
apes direct the core flow
principle is the same as
b core and bypass flows.

e augmentor tube. This
dies performed by Ohio
sound levels measured
orm exhaust flow in the
t to generate infrasound

noise.

7.4 Exhaust Basket Target
d experience and model
Is compared to a flat or
le (up to 30 degrees half
tchanism for infrasound
jet acts as a drumhead
The cone shaped target
bs an “undefined” end of

The exhaust basket targgt is the closure device on the end of the perforated exhaust basket. Fie|
testing has shown that @ conical target, pointed into the exhaust flow, reduces infrasound leve
crowned end of the basKet. Recent studies (see 8.1) have shown that a severely sharp cone ang
angle) provides the grgatest infrasound-reduction. It is not entirely clear the operating me
reduction, although therg are at leastithree current theories: (1) The flat or domed basket tar
causing infrasound resohance. Theicone shaped target does not provide this drum effect. (2)
provides better mixing apd less_flow buffeting at the target. (3) The cone shaped target provid
the augmentor tube, bregkingup'an organ pipe effect in the tube with a flat or dished end.

7.5 Adjustable Augmehtor Inlet

The adjustable augmentor inlet provides for axial adjustment of the augmentor bellmouth allowing the augmentor tube to
be moved closer or farther from the engine. The theory of operation is that the infrasound frequency can be adjusted by
changing the distance between the engine jet and the augmentor tube. This is thought to affect the “hole tone” frequency.
Another theory is that the adjustable augmentor inlet varies the overall length of the tube, affecting the “organ pipe”
frequency. In either case it appears that the adjustable augmentor inlet does not reduce infrasound levels, but only
changes the frequency of the infrasound, although this change of frequency can provide dramatic effect on perceived
infrasound levels, by affecting outside buildings or structures, which may be excited by the infrasound frequencies. In
some cases this adjustment is provided with a powered mechanism allowing the augmentor to be easily tuned from
engine model to engine model. The drawbacks of the adjustable augmentor are high maintenance, especially in large
augmentor tubes, the need to adjust the inlet for different engines, and the relatively small range of frequency adjustment.
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7.6 Flow Tubes

At least one test cell has included a series of parallel staggered round tubes, installed vertically in the downstream end of
the augmentor tube. It is believed that these tubes promote flow mixing and reduce overall flow velocity much the way that
a ring diffuser does. Flow tubes are subject to high maintenance due to the harsh operating environment.

8. CASE STUDIES

8.1 The test cell shown in Figure 4 experienced infrasound vibrations primarily in the 1 to 2 Hz range when running a
90 000 Ib thrust class engine. This resulted in cracking welds in the forward support of the augmentor tube and also
failed one of the pins securing the main cell access door. A sample of air pressure measured in the engine room
shows pressure fluctuations about the normal cell depression that are so severe that cell pressure becomes
positive during part of the cycle. Based on scale model tests an extended cone was added at the back of the
augmentor tube as shown in Figure 5. Although the pressure fluctuation was not completely eliminated it was

reduced to a level where the test cell components were no Tonger failing and engine testing| could continue.

8.2 Freuler and Montgomery (Reference 16) used a model test approach to evaluate various blast basket end cone
angles to solve a serious test cell infrasound problem. Subsequent modification of'the full scale facility gave a 68%
reduction in presgure fluctuation amplitude, which was in excellent agreement with| the 1/12 scale model
predictions.

100K Ib Thrust Engine (Operating at.60K thrust level)
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FIGURE 1
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