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1. INTRODUCTION: Generally it is desirable during static engine noise testing
to simulate the noise-generating processes that occur during takeoff or
landing. One factor that may have significant influence on fan noise from
turbofan engines during static testing is the airflow distortion encountered
by the low-pressure fan stage. This report presents technical details on
devices that "condition" the airflow entering the engine to more nearly
simulate flight operations without introducing a detrimental impact on sound
propagating from the engine.

Noise generated by the fan component of a non-inlet-guide~vane turbofan
engine operating statically can be significantly different than when
operating with forward velocity, i.e., during flight operation or in a wind
tunnel. When operated statically, the airflow into the engine has higher
levels of both steady and unsteady distortions. As a result the fan may
generate noise levels higher than would be observed at equivalent engine
power settings in flight. - The higher noise levels are more likely to occur
in the case of turbofan engines with a single stage fan operating at
conditions whexe the blade passing frequency has been designed to be
acoustically cut-off. This normally occurs at approach power. Reference 1
cites some of the early observations of static and flight noise differences
and offers possible explanations. A summary of observations on static noise
testing as deduced from industry and government sponsored research programs
as of the mid 1970's is provided in Reference 2.

A schematic representation of the stream of airflow into an inlet for the
static and flight situations is provided in Figure 1. The flight gituation
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is visualized as one in which the inflow is captured in a slightly contracted
stream tube (see Figure 1(b)).
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Static engine operation is visualized as a sink type flow, see Figure 1l(a).
For the flight situation, the sound pressure level of the fan tone that
results from ingestion of normal levels of atmospheric turbulence has been
shown to be small. This conclusion is based on the analytical studies
presented in References 3 and 4. There are several sources of distortion
during static operation: they include atmospheric turbulence, vorticity
caused by flow over the engine test stand structure, and vorticity generated
by the presence of the ground plane. Atmospheric turbulence can be generated
by wind gusts, thermal gradients, flow over local terrain, (e.g., hills,.
trees, buildings), and reingestion of exhaust flow. The effect of the large
contraction of the static flow field on atmospheric turbulence and inducement
of flow over and around the test stand structure can cause significant
distortion in the flow entering the fan. Noise can be produced by
interactions between the rotating fan blades and the distorted airflow. The
level of noise that can be generated depends upon the fan stage design,
engine power setting and the local environmental conditions. Some fan stage
designs are such that there may be negligible extraneous noise developed by
inflow distortion.

2, PURPOSE: To describe the principal design features of devices that help to
simulate flight inflow conditions during static noise testing of a turbofan
engine.

3. SCOPE: This Aerospace Information Report provides guidelines for hardware
design. Guidelines on such items as engine types, test arrangements, and
test purposes that would benefit from the use of an inflow control device
during static noise testing are outside the scope of this report.

4. APPLICATIONS: Techniques similar to those used in wind tunnel design have
been applied to develop devices to condition the flow that enters the inlet
of an engine. These inflow control devices (ICDs) are made of turbulence
suppressing material such as honeycomb, perforated plate, or wire mesh. The
devices generally have closed geometric shapes tending toward spheres so that
the flow is nearly perpendicular to the ICD surface. Some ICDs have been
installed inside an inlet (see Figure 2, ICD No. 2), but test results have
shown an undesgirable impact on the forward-radiated sound field and loss of
inflow total pressure (Ref. 5). Test data suggest that an ICD performs best
when the diameter is about 1.5 or more times the fan diameter. Schematics of
the various ICDs for which information was available are shown in Figure 2,
Table 1 provides a list of design parameters for ICDs that have been tested.
Photographs or schematics and discussions of experimental results can be
found in References 5 to 9.

5. REVIEW OF TEST RESULTS: Figure 3 provides a summary assessment of inflow
distortion under static and flight conditions, both with and without an ICD.
The data were obtained from pressure transducers mounted at various radial
locations near the leading edge of a fan rotor blade of a high-bypass-ratio
turbofan engine. The static testing was accomplished on an outdoor test
stand. The flight configuration was an under-wing engine installation. The
transducers were mounted on the pressure surface of the blades, and the
radial locations were such that the measurements represent 1) the flow.within
the inlet wall boundary layer (at 98% radius), 2) the transition region
between the boundary layer and the freestream (at 96% radius), and 3) the
freestream flow (at 92% radius). Since the transducers responded to any
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pressure fluctuation that reached the blade surface regardless of the origin,
the results must be carefully interpreted (pressure fluctuations on the blade
are assumed to represent distortion of the inlet flow). Figure 3 shows that
at 92% radius, the distortion present in the static case without inflow
control was reduced by the ICD to a level which resulted in blade surface
pressures that were in very good agreement with those measured during

flight. At 96% and 98% radius there was better agreement when the static
data were measured with an ICD; however, the flight situation had even less
distortion. On the basis of the data in Figure 3 and other data, it was
concluded that use of an inflow control device for static testing can provide
a gignificant reduction in inflow distortion.

An assegsment of the transmission of acoustic signals propagating through
inflow control devices Nos. 1 to 5 of Figure 2 is reported in Ref. 5.
Reference 5 concluded that ICD No. 2 caused significant sound transmission
loss when the mean Mach number at the ICD surface (neglecting blockage) was
less than approximately 0.12. The smallest ICDs (Nos. 3 and 4) exhibited
small transmission loss when the Mach number of the flow through the ICD
reached approximately 0.15. Evaluation of ICDs Nos. 6 and 7 of Figure 2 can
be found in Refs. 6 and 7, respectively. Both reports concluded that
acoustic transmission loss was negligible. Data for ICD No. 8 are provided
in Figqure 4. The data were obtained by placing a loudspeaker in an engine
inlet to provide a constant level noise source. The radiation patterns for a
wide frequency range showed small variations. The variations were within
estimated test accuracy implying negligible transmission loss within the
frequency range of interest. From all observations combined, it was
concluded that inflow control devices can be designed such that sound
propagating to the far-field is not significantly affected by transmission
through an ICD.

Table 2 provides a summary of differences between the sound pressure level in
the 1l/3-octave band containing the blade-passing frequency from flyover noise
measurements and from static data projected to flight (see Reference 10 for
details). The static data were obtained both with and without an ICD and
demonstrated the benefit of the ICD. The data shown in Table 2 were obtained
from an engine designed for cutoff of the interaction between fan rotor and
downstream stator. (Because of the cut—-off design the sound pressure level
of the 1/3 octave band containing the blade-passing frequency has the
greatest sensitivity to inflow distortion.) The data in Table 2 were derived
from data similar to that shown in Figure 5 where the static data projected
to flight are compared with flight data for various directivity angles. Fan
tip relative Mach number is also listed in Table 2 because it is a parameter
of relevance to noise generation. Overall, testing without an inflow control
device has been observed to produce significantly higher sound levels than
measured in flight. With an inflow control device installed, the static-to-
flight sound pressure level differences were significantly reduced.

REVIEW OF DESIGN DATA: A relatively wide range of ICD designs is shown in

Figure 2. Some of the physical characteristics of the designs are shown in
Table 1. ’
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Treating the ICDs as approximately spherical objects to estimate an
equivalent diameter as the basis to calculate a ratio of ICD diameter to
engine fan diameter shows that the ICDs ranged generally from two to four fan
diameters in size when installed on the largest engine for which they were
designed., The ratio of honeycomb cell thickness to cell diameter listed in
Table 1 is the design parameter that varied the most in different designs.
This parameter primarily affects the suppression of transverse velocity
fluctuations and has a value ranging between approximately 2 and 12 for the
listed ICDs. The high values appear to be overly conservative. All of the
designs incorporated either perforated plate or wire mesh (located on eithexr
side of the honeycomb) with approximately 40 to 50 percent open area as the
material for suppression of the axial velocity fluctuations.

A method to calculate the values of design parameters for an ICD has been
developed and is reported in References 10 and 11, Table 3 compares design
values calculated by the Reference 10 method with values for ICD Nos. 8 and
11. These two ICDs were designed prior to the publications of References 10
and 11. The most obvious differences is that the design method of References
10 and 11 suggests that a much smaller ratio of honeycomb cell thickness-~to-
diameter could have been used. While ICD Nos. 8 and 11 have been successful,
other ICDs listed in Table 1 also have demonstrated success with thickness-
to~diameter ratios closer to that suggested by the design method. Thus,
future ICD designs should consider the design method of References 10 and 11
as well as the designs of existing ICDs that have demonstrated success.

The most difficult step in applying the design method of References 10 and 11
may be that of quantifying the turbulence and steady distortion that exists
in the static and flight inflow capture areas. Flow field measurements in
the vicinity of the inlet provide the best starting point. It should also be
recognized that flow distortion can vary randomly and rapidly. For example,
changes in wind speed or wind direction can affect either the fan-ingested
distortion caused by flow around test stand structural elements or the scale
and intensity of the atmospheric turbulence.

Two additional important considerations.are: (1) clearance between the
bottom of the ICD and the ground plane and (2) mating of the ICD to the
engine. Sufficient ground clearance should be provided so as to not
encounter significant flow distortions as a result of proximity to the ground
plane ﬁoundary layer. Successful ICDs typically have ground clearances of at
least one-eighth the ICD diameter. ICD installations with clearance less
than one-eighth the ICD diameter should be checked experimentally to ensure
that undesirable air flow distortion is not present. Similar care and
checkout of the system used to mate the ICD to the engine structure is
required. Distortion can be generated when there are small, non-uniform gaps
through which air can flow at the junction between the ICD and the engine.
Gaps occur when there is movement of the engine or inlet due to thrust or
pressure loads, especially if movement is available by design to accommodate
the possibility of engine surge. In this respect, selection of the inlet lip
design (i.e., a flight inlet or a bellmouth fairing into the flight inlet)
should consider the presence of the ICD.
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