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Infrasound Phenomenon in Engine Test Cells

RATIONALE

This revision proposal includes updates to 6.4 to discuss scale model successes, adds a new 6.6 to discuss computer
simulation methods to predict and mitigate infrasound, and adds a new 7.7 to discuss how Helmholtz resonators can be
used to mitigate infrasound problems.

INTRODUCTION

The phenomenon known as infrasound has been known for many years in the medical and oceanographic fields. However,
its appearance in the gas turbine testing field was not discovered and accepted until relatively recently. The major reason
for this is the inability to easily measure and quantify the phenomenon. Infrasound is a term given to sub-audible noise in
the 1 to 20 Hz range. Since it is generally not heard, infrasound surfaces mostly in anecdotal accounts of problems
associated with vibration and rattling of windows and other equipment in buildings some distance away from the engine test
facility. In addition, increasing pressure from airport authorities and other regulatory agencies requires that infrasound limits
be added to the specifications to be met when a new test facility is built. Thus, a better understanding of the factors leading
to this aeroacoustic problem is certainly needed by both the test cell operator and the test cell designer.

The purpose of this information report is to identify the infrasound phenomenon, including its possible cause(s), relate the
various types based on the source, and describe some of the typical “fixes” that have been used to try and solve the problem.
Work on a complete solution for infrasound problems associated with gas turbine test facilities is ongoing by many facility
designers, so this information report is really an introduction to those who are unfamiliar with the phenomenon or who may
suspect that they have an infrasound problem.

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, 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 1/2 mile distance away. 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. Documents
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In a large test cell, whenever a JT8D engine with a QEC flight nozzle was tested, the main cell door pulsed and shook at a
0.5 Hz rate. Whenever the slave nozzle was used, no pulsing was noticed. The QEC flight nozzle had a slight cant in thrust
angle while the slave nozzle was true axial flow. The asymmetrical flow in the augmentor somehow caused the infrasound
pressure waves. The problem was solved by the installation of a ring diffuser.

Near an engine test site, farmers as far as 5 miles away reported their cows were giving less milk and chickens stopped
laying eggs whenever the site was in operation. This example shows that infrasound can have impacts over long distances.
No technical solution was implemented, and the problem was resolved through reparation.

A test cell complex with a ramp in the exhaust stack to direct exhaust flow reported that adjacent building roofs were rattling
and pulsing at a 0.5 Hz rate. The entire building roof could be seen to visibly flex. The problem was solved by replacing the
deflector ramp with a diffusing grid.

4. CHARACTERISTICS

Infrasound is the low-frequency emission with peaks under 20 Hz, with the majority of the phenomenon occurring in the
4 to 16 Hz range. Measurements have shown that infrasound behaves as a near monopole source located near the rear of
the test facility. Infrasound emissions generally increase with engine power, although there are several cases where the
infrasound was much stronger at a power setting below maximum.

It has been suggested that infrasound emissions are coupled to the surrounding buildings by one or more resonant modes
of the test cell itself. One theory suggests that infrasound originates in the high-speed portion of the engine exhaust gas
flow as a result of aeroacoustic mechanisms, known as acoustic Cherenkov radiation. Acoustic Cherenkov radiation is
similar to a shock wave and occurs when a hot gas is moving at supersonic speed in the surrounding air.

Perception of infrasound is contingent on a person’s hearing and the amount of vibration present. Vibration capable of
inducing perception will occur only at high pressure levels, 20 to 40 dB above the threshold of auditory perception. The
threshold for perception is 65 dB at 32 Hz, 95 dB at 16 Hz, 120 dB at 3 Hz, and 140 dB at 1 Hz. When infrasound becomes
loud enough, it is annoying. Infrasound can affect the human body, especially the hormonal and central nervous 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 dramatic health effects during short exposure periods, it certainly causes disturbance
and annoyance to most individuals.

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 thrust
class engines show a pronounced monotonic decrease in dBA from 100 Hz down to 32 Hz. But recent data (see 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 feet 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 engine room adjacent to the
exhaust pipe. The initial conclusion is that infrasound generation requires instabilities in the engine exhaust plume relatively
far downstream.

5.2 The Facility Source with Engine as Driver

If the engine by itself cannot produce the level of infrasound indicated by actual data, then the test facility geometry must
be a critical part of the mechanism that allows energy to be extracted from the engine exhaust plume. Analysis and scale
model tests to determine the aeroacoustic coupling details may produce useful results. Attention and consideration to
include any side-to-side, rotational, and axial modes of engine jet oscillation could provide the necessary coupling, but these
modes may not be the same in each test cell and engine combination. Documents
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5.3 The Engine Source with Facility Trigger

This mode of operation is characterized by the engine exhaust plume deflecting toward one surface of the exhaust tube
initially caused by the Coanda effect with an acoustic wave traveling forward to the cell inlet. This pressure wave reflected
from the inlet travels back to the exhaust tube and triggers a shift of the engine exhaust plume, attaching it to the opposite
side of the exhaust tube. This process continues at a primary frequency with timing determined by the length of the test cell
inlet system. The pressure 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 techniques [15] that may be used to evaluate and aid in determining a solution to an engine test cell
infrasound problem: (1) full-scale engine test, (2) loudspeaker and variable frequency amplifier, or (3) explosive or impulsive
noise source. Scale model testing is a fourth technique that may prove useful to compare proposed solutions prior to
full-scale implementation. There are also methods to measure and predict infrasound to mitigate or avoid infrasound risk.

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 decibel levels and associated frequency spectrums that would identify critical dimensions or lengths in the test
cell inlet, engine room, augmentor, or exhaust stack that contributed to the infrasound (e.g., a 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 to 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 downtime.

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 toward 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 that resonate at specific
frequencies, and this can be compared with known frequencies reported from monitor stations or other sources that
originally 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 downtime 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 device;
for example, a starter pistol or shotgun loaded with blank cartridges. This approach generates a wide range of frequencies
and can be effective in quickly identifying critical test cell resonate conditions. One variation of this technique is shown in
Figure 2, where the impulse was provided by a high-power engine stall that resulted from explosive failure of a large engine
fan blade during an engine certification test at the manufacturer's facility. The engine room pressure trace clearly
demonstrates the primary natural frequency of the test cell engine room and inlet system.

Another example of this technique was the use of a small explosive device outside the Otis Air Force Base hush house

during an infrasound study [14], where spectral analysis showed echoes from surrounding buildings that may contribute to
the overall infrasound environment.
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