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Abstract

This paper provides a description of the High Intensity Modal Impedance Tube (HIMIT) and its use
for the evaluation of acoustic liners. Tests conducted with two liners, one linear and one nonlinear,
are used to evaluate the suitability of the HIMIT for evaluation at frequencies up to 6 kHz and sound
pressure levels up to 155 dB. Two impedance eduction methods are used, one suitable for plane wave
frequencies and the other applicable over the full frequency range. These educed impedances are
compared against those computed with an impedance prediction method and against those educed
with another zero-flow test rig. These results confirm that the HIMIT can be used with confidence
for the evaluation of acoustic liners over these frequency and sound pressure level ranges.

1 Introduction

Acoustic liners are typically mounted in the walls of the inlet and aft bypass duct of aircraft engine
nacelles to reduce the amount of fan noise that is radiated to surrounding communities. The
aeroacoustic environment in these engines can be quite harsh. Near the fan face, this envinronment
includes mean flow up to transonic speeds, sound pressure levels (SPL) approaching 170 dB, and
frequency content up to 10 kHz.

The NASA Langley Liner Physics Team has implemented multiple test rigs in the Liner Tech-
nology Facility to evaluate acoustic liners. The Normal Incidence Tube (NIT) is used to evaluate
acoustic liners at SPLs up to about 150 dB and frequencies up to 3 kHz, while the Grazing Flow
Impedance Tube includes the effects of mean flow up to Mach 0.6. A larger flow duct, the Curved
Duct Test Rig, allows evaluation of the effects of higher-order modes on the sound absorption prop-
erties of acoustic liners. While these measurement capabilities are extensive, there is a need to
extend them further.

This report documents the implementation of a new test rig, labeled the High Intensity Modal
Impedance Tube (HIMIT), that was recently brought online in the Liner Technology Facility. The
HIMIT is designed to evaluate acoustic liners at SPLs up to 170 dB and frequencies up to 6 kHz,
albeit in a zero-flow environment. Data acquired with two carefully selected acoustic liners is used
to demonstrate the ability of the HIMIT to achieve these goals, and also to demonstrate the efficacy
of the methods used to evaluate these liners.

There are a few test rigs with a subset of these capabilities but, to the authors’ knowledge, the
HIMIT provides a unique capability for testing in this aeroacoustic environment. Lympany et al. [1]
describes a transmission loss waveguide designed to achieve 150 dB at frequencies up to 4.5 kHz
and for temperatures up to 260◦ C. They employed a modal decomposition approach to measure
acoustic performance. Khodashenas et al. [2] presents results acquired in a normal incidence tube
with SPLs up to 150 dB at frequencies up to 1.7 kHz. Their duct diameter was sufficiently small
such that only plane waves were present. Similarly, Palani et al. [3] present results from a duct with
even smaller diameter such that they are able to test up to 5.5 kHz with only plane waves.

The remainder of the paper is organized as follows. Section 2 provides descriptions of the HIMIT
and test liners. Section 3 presents the analysis tools used to validate the HIMIT operation. Initial
results are provided in Section 4, followed by some concluding remarks in Section 5.
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Figure 1: NASA Langley High Intensity Modal Impedance Tube.

2 Experimental Method

This section contains a description of the HIMIT and the two acoustic liners used to evaluate the
capabilities of this test rig.

2.1 High Intensity Modal Impedance Tube (HIMIT)

The NASA Langley High Intensity Modal Impedance Tube (HIMIT, Fig. 1) is a zero-flow, 2.0′′×2.0′′

waveguide designed to measure the acoustic impedance of aircraft liner samples. Sound can be
injected into the HIMIT using one of two options: (1) two compression drivers (as shown in the
photograph) or (2) a Hartmann generator. The current report will be confined to the operation of
the HIMIT using the two compression drivers.

The injected sound propagates down the 14′′-long waveguide to the surface of the acoustic liner,
where it is reflected to set up an acoustic pressure standing wave. A 0.25′′-diameter reference
microphone mounted 0.25′′ from the liner surface is used to determine the total SPL at the surface
of the acoustic liner. The excitation voltage fed to the acoustic drivers is adjusted on a per frequency
basis to ensure that the acoustic liner is evaluated at the same SPL for each test frequency.

Eight 0.125′′-diameter measurement microphones are mounted in four rotating plugs (labeled
as RP1 — RP4), two on the upper wall and two on the right wall (looking from left to right in
Fig. 1). Each of these microphones has a frequency-independent response over a frequency range
extending well beyond that used in this study. These measurement microphones are used to measure
the acoustic pressures at prescribed distances from the liner surface. When the test frequency is
sufficiently low that no higher-order modes are cut on (i.e., up to approximately 3.4 kHz), the
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(a) Photograph of CSQ3 calibration liner. (b) Sketch of GE01 conventional liner.

Figure 2: Depictions of test liners.

data can be processed using the Two-Microphone Method (TMM) [4] to determine the frequency
dependence of the acoustic impedance of the liner. Further, this process can be achieved with a
single microphone if that microphone is sequentially positioned to two properly chosen locations [5].

For frequencies where higher-order modes are present, data acquired with each of the eight mea-
surement microphones are used with a modal decomposition analysis to determine the distribution
of power between the modes and the propagation constant for each of these modes. At the highest
frequency considered in the current study, the [0,0], [1,0], [0,1], and [1,1] modes are cut on.1 This
information is used to compute an impedance for each mode.

2.2 Test Liners

Two acoustic liners are used in this initial evaluation of the HIMIT capabilities. The first, labeled
CSQ3 (Fig. 2a), is an additively manufactured sample that consists of a 19×19 array of 0.05′′×0.05′′

chambers, where each chamber has a total length of 3′′. Because of the large length to diameter ratio
of these chambers, this sample is very linear (insensitive to changes in acoustic particle velocity)
and is thus ideal as a calibration liner.

The second, labeled GE01 (Fig. 2b), is a conventional perforate-over-honeycomb liner that has
been previously evaluated on numerous occasions [6, 7]. As is common for this type of liner, the
GE01 liner is considered to be weakly nonlinear, and therefore, is much more dependent on the
acoustic particle velocity (and hence, the SPL) of the sound field at the liner surface. The GE01
liner facesheet is 0.025′′ thick with 0.039′′-diameter holes and an open area ratio of 0.087. This
facesheet is mounted over a 1.5′′-deep phenolic core consisting of 0.75′′-wide hexagonal chambers.

1Modes are presented in [n,m] format, where n and m are the horizontal and vertical mode orders, respectively.
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3 Analysis

This section presents a brief description of the ZKTL impedance prediction model, a transmission
line model based on the derivation for sound propagation in narrow chambers presented by Zwikker
and Kosten [8]. It also presents brief descriptions of the methods used to process HIMIT data.

3.1 Impedance prediction model

A simplified version of the NASA Zwikker and Kosten Transmission Line (ZKTL) impedance pre-
diction code [9,10] is used to predict the surface impedance for the CSQ3 calibration liner. This liner
consists of identical chambers that are replicated to form the entire liner. Each of these chambers
consists of a single air gap that is assumed to be terminated with a rigid backplate. Given the small
cross-sectional dimensions of these chambers, no facesheet is needed.

The analysis is initiated by assuming the backplate to be rigid and impervious to sound, with
acoustic pressure and particle velocity given by(

p0
u0

)
=

(
1
0

)
. (1)

Changes in normalized acoustic pressure, p, and particle velocity, u, across the air gap are given by(
p1
u1

)
=

(
B11 B12

B21 B22

)(
p0
u0

)
. (2)

The transmission coefficients are

B11 = B22 = cosh(kΓH); B12 = ζc sinh(kΓH); B21 = ζ−1c sinh(kΓH), (3)

and the acoustic pressure and particle velocity are normalized by the quantities ρc2 and c, re-
spectively. Here, ρ is the density, c is the sound speed, k is the freespace wavenumber, Γ is the
propagation constant, ζc is the characteristic impedance, and H is the height of the air gap. The
impedance ζ1 at the top of the first chamber is given by ζ1 = p1/u1. This process is conducted for
each chamber of the full liner. The surface impedance spectra ζn of the individual chambers are
then combined to compute the effective impedance ζs across the liner surface using

ζs = θ + i χ =

[
Ω

Nch∑
i=1

(ζn)−1
]−1

, (4)

where Ω is the open area ratio and Nch is the number of chambers (361 for the CSQ3 sample).

3.2 Modal Analysis and Impedance Computation

As shown in Figure 3, the HIMIT is a waveguide with an acoustic source at one end, rigid side
walls, and a finite impedance boundary condition at the other end. The width and height of the
duct are W and H, respectively. The incident wave travels in the −x direction until it reaches the
sample and is reflected in the x direction.
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Figure 3: Coordinate system for mode decomposition.

The governing equation of the acoustic pressure, p, in a duct with no flow is

1

c2
∂2p

∂t2
−∇2p = 0. (5)

If we assume p(x, y, z, t) = R [A(kx, ky, kz, ω) exp(ik · r) exp(iωt)], we obtain the dispersion relation

k2 = k2x + k2y + k2z . (6)

The boundaries along y and z are assumed to be acoustically hard such that ky = mπ/H and
kz = nπ/W . Assuming p(x, y, z, t) = P (x, y, z)eiωt leads to

P (x, y, z) =
∞∑
n=0

∞∑
m=0

[
A+

nme
−ikxx +A−nme

ikxx
]

Ψnm (y, z) . (7)

where A±nm are the reflected and incident mode amplitudes and Ψnm = cos (mπy/H) cos (nπz/W ).

3.2.1 Modal Decomposition

Many investigators [11–14] have utilized mode decompositions in high frequency duct acoustics
applications where more than one mode is present. If the HIMIT measurement microphones are
used to acquire measurements of P (x, y, z), a linear system,

P = TA, (8)

can be formed to determine the modal coefficients, where

P =

P (x1, y1, z1)
...

P (xI , yI , zI)

 (9)

is a vector containing I number of microphone measurements. The transfer matrix is given by

T =

T
+
00(x1, y1, z1) . . . T+

NM (x1, y1, z1) T−00(x1, y1, z1) . . . T−NM (x1, y1, z1)
...

. . .
...

T+
00(xI , yI , zI) . . . T+

NM (xI , yI , zI) T−00(xI , yI , zI) . . . T−NM (xI , yI , zI)

 (10)
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where T+
nm(xi, yi, zi) = Ψnm(yi, zi)e

−ikxxi and T−nm(xi, yi, zi) = Ψnm(yi, zi)e
ikxxi , and

A =



A+
00
...

A+
NM

A−00
...

A−NM


, (11)

is the vector containing the modal amplitudes. The mode NM is the highest cut-on mode present
in the HIMIT at the source frequency. The solution of Eqn. (8) for the modal amplitudes is

A =
[
TTT

]−1
TTP. (12)

The modal amplitudes are computed in the least squares sense using a singular value decomposition.

3.2.2 HIMIT Impedance Calculation

The relationship between the axial acoustic velocity ux and acoustic pressure p is determined by
the momentum equation in a medium without flow,

ρ
∂ux
∂t

= −∂p
∂x
, (13)

where ρ is the ambient density. Performing a Fourier transform on Eqn. (13) leads to

ρckUx = −∂P
∂x

. (14)

Thus, Ux can be expressed as

Ux(x, y, z) =
kx
ρck

∞∑
n=0

∞∑
m=0

[
A+

nme
−ikxx −A−nmeikxx

]
Ψnm (y, z) . (15)

We will derive the expression for the impedance using the coordinate system established in
Fig. 3. The impedance of a locally reacting sample can be computed as the ratio of the acoustic
pressure to the normal acoustic particle velocity impinging on the sample,

Z =
P

U · n
= − P

Ux
. (16)

Thus,

Znm,nm =

(
ρck

kx

)
1 +Rnm,nm

1−Rnm,nm
, (17)

where Rnm,nm = A+
nm/A

−
nm is the reflection factor for the nm mode (A+

nm modes are reflected
and A−nm modes are incident). The normalized specific acoustic impedance is computed using the
following equation,

ζnm,nm =

(
k

kx

)
1 +Rnm,nm

1−Rnm,nm
. (18)
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When multiple modes are present in the HIMIT, care must be taken to compute the impedance
using the mode with the most power, since it is difficult to gather accurate data for modes with
significantly less power than the dominant mode. Considering only the reflected waves, the intensity
is

I+ · n = I+x (x, y, z) =
1

2
R
[
P+U+∗

x

]
, (19)

which is related to the power in the duct by

P+ =

∫ W

0

∫ H

0
I+x (x, y, z)dydz. (20)

Using the expressions for P and Ux in Eqns. (7) and (15), we get

P+ =
1

2

kx
ρck

∫ W

0

∫ H

0
R

( ∞∑
n=0

∞∑
m=0

A+
nme

−ikxxΨnm (y, z)

) ∞∑
q=0

∞∑
r=0

A+∗
qr e

ikxxΨqr (y, z)

 dydz.
(21)

Due to orthogonality of Ψ, the acoustic power integrates to zero when nm 6= qr. The power is also
not a function of the axial distance since the exponential terms cancel out. Therefore,

P+ =
∞∑
n=0

∞∑
m=0

P+
nm =

∞∑
n=0

∞∑
m=0

1

2

kx
ρck
R
[
A+

nmA
+∗
nm

] ∫ W

0

∫ H

0
Ψ2

nm (y, z) dydz. (22)

Thus, the power in each mode is

P+
nm =

εnm
2

kx
ρck
R
[
A+

nmA
+∗
nm

]
, (23)

where

εnm =

∫ W

0

∫ H

0
Ψ2

nm (y, z) dydz =


WH, if n = m = 0

0.5WH, if n 6= 0 and m = 0, or n = 0 and m 6= 0

0.25WH, if n 6= 0 and m 6= 0.

(24)

As will be shown in Section 4, impedances computed for the mode with the most power represent
the most reliable estimate of the true impedance at the test frequency of interest.

4 Results

The goals of this study are to demonstrate the ability to use data acquired in the HIMIT to
accurately educe the impedance of acoustic liners at frequencies up to 6 kHz and at SPLs up to
155 dB. For this phase of the study, these two goals are independently evaluated: full frequency
range performance is evaluated at low SPL (120 dB), while high SPL performance is demonstrated
at lower frequencies where only plane wave ([0,0] mode) are present. A later investigation is planned
to explore the effects of testing simultaneously at both high frequencies and high amplitudes.

The CSQ3 liner was selected for the full-frequency demonstration. As noted earlier, this liner
is very linear and is easily predictable using the ZKTL impedance model. This liner has been
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previously evaluated in the NIT for frequencies where only plane waves ([0,0] mode) are present.
Thus, the first goal of the current study was to demonstrate that the HIMIT could be used to
achieve similar results to those predicted with ZKTL and previously educed in the NIT.

The initial portion of the test was conducted at frequencies of 0.5 to 3.0 kHz in 0.5 kHz incre-
ments, at an SPL of 120 dB, with each of the rotating plugs set to an angle of zero degrees (measured
relative to the axially aligned configuration). In other words, each of the four microphones on a
particular wall were aligned in the axial direction. One of the microphones in the rotating plug clos-
est to the sample on the right wall is labeled as Microphone 1 (M1). For this initial test, acoustic
pressure data were acquired with M1 sequentially positioned 2.50” and 3.75” from the CSQ3 liner
surface.

These data were used with the TMM to determine the surface impedance of the CSQ3 liner. It is
important to note that the TMM requires the change in acoustic pressure between the two selected
locations but does not require absolute values at either location. Thus, there is no requirement that
Microphone 1 (the only microphone used in the TMM) be calibrated, although it clearly must be a
properly functioning microphone. However, it is important that the reference microphone (located
0.25” from the liner surface) is calibrated such that we can ensure that the liner is evaluated at the
same SPL for each test frequency. For this and all successive tests, the reference microphone was
calibrated using an external calibrator provided by the manufacturer.

Figure 4 presents a comparison of three impedance spectra. The first (solid black line) is com-
puted using the ZKTL impedance prediction model. Impedances educed with the TMM are depicted
with a red dashed line (based on NIT measurements) and green circles (based on measurements with
Microphone 1 in the HIMIT). The NIT results (acquired at 0.1 kHz increments) are nearly identical
to the predictions for frequencies up to 3 kHz (the full range of the NIT), with noticeable deviations
at frequencies very near antiresonance (frequencies where the reactance crosses zero with negative
slope). It is perhaps worth noting that significant variability in the impedance at this frequency
results in very limited impact on the amount of sound absorption provided by the liner. As a result,
the differences between measured and predicted impedances for frequencies near antiresonance are
of minimal concern. While the HIMIT data (M1) is more sparse, the results compare favorably with
those measured in the NIT. Together, these results confirm the predictability of the CSQ3 liner and
also demonstrate that the single microphone in the HIMIT can be used to accurately determine the
impedance for plane-wave frequencies.

In contrast to the TMM, it is critical that all of the measurement microphones are calibrated
for use with the modal analysis and impedance calculation approach described in Section 3.3.2.
An in situ microphone calibration process is implemented based on TMM results at 1 kHz. This
frequency is at resonance (frequency where reactance crosses zero with positive slope), where the
liner provides near maximum sound absorption and the impedance comparison is excellent. If the
SPL and phase at the reference microphone and the liner impedance at an individual frequency are
known, the acoustic pressure standing wave pattern (SPL and phase) throughout the waveguide can
be computed. Figure 5 presents this standing wave pattern, and includes vertical dashed lines at
the axial locations where each of the microphones are initially located. Observe that the SPL and
phase are 120 dB and 0 deg at the reference microphone location (at 0.25”). The SPL represents
the value set by adjusting the excitation voltage to the acoustic drivers and the phase is arbitrarily
chosen as the frame of reference (i.e., all phases are relative to that measured at this location).
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Figure 4: Comparison of impedance spectra predicted with ZKTL and educed using the TMM (NIT
and HIMIT Microphone 1) for CSQ3 calibration liner.

For the calibration process, the four rotating plugs are oriented such that all microphones are
perfectly aligned in the axial direction (four on each wall). As a result, there are two microphones in
each of the axial planes denoted with vertical dashed lines except at x = 0.25′′, where the reference
microphone is located. Therefore, this standing pattern represents the true SPL and phase (relative
to the signal measured by the reference microphone) at each of the eight measurement microphone
locations. The difference between these true values and those measured with each of the measure-
ment microphones can then be used as microphone-dependent calibration factors (both magnitude
and phase) in successive measurements. As noted earlier, these measurement microphones have a
frequency-independent response over the full frequency range of interest. Thus, these calibration
factors (per microphone) apply for all successive data regardless of the test frequency that is used.

For the second portion of this initial test, rotating plugs RP1 and RP4 were set to 30 degrees
and rotating plugs RP2 and RP3 were set to 60 degrees, i.e., none of the microphones were along the
spanwise centerline of the wall. Data were then acquired at frequencies of 0.5 to 6.0 kHz in 0.5 kHz
increments, again at an SPL of 120 dB. The correction factors computed via the in situ process
noted above are used to determine the true complex acoustic pressures at each of the microphone
locations, and the resultant data are processed via the modal approach described in Section 3. As
noted in that description, this process results in an impedance spectrum for each mode that is cut
on in the HIMIT (which increases in number as the frequency increases).

Figure 6 presents the results of this analysis, with the impedance attributed to each mode
depicted with open circles. Note that the data for each mode are only presented at the frequencies
for which that particular mode is cut on ([0,0] mode is always cut on, [1,0] and [0,1] modes cut on
at about 3.4 kHz, and [1,1] mode cuts on near 4.8 kHz). Two features are readily apparent in these
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results. First, the results for frequencies up to 3 kHz compare very favorably with those educed
using the TMM approach with Microphone 1 data. Although the results for the higher frequencies
generally follow the predicted curves, the comparisons are much less favorable.
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Figure 5: Predicted axial SPL and phase distributions for the CSQ3 liner at a test frequency of
1 kHz. Vertical lines depict axial locations of each HIMIT microphones.

It is hypothesized that this variability in impedances educed using the modal approach is due
to insufficient power in the respective modes. Hence, it is conjectured that the mode with the
maximum acoustic power should be expected to provide the best estimate of the liner impedance.
Table 1 provides a listing of the impedances (ζ = θ + iχ) and sound power level educed for each
mode that is cut on for a particular frequency (i.e., cells are left blank where a specific mode is cut
off). The results for the mode containing the highest sound power level are depicted in red font,
as these are the results that are assumed to be the best estimate of the liner impedances (on a per
frequency basis). Figure 7 presents impedance spectra (green squares) taken from these maximum
power readings. Observe that this results in an excellent comparison, albeit with small deviations
at frequencies near antiresonance. While the maximum-power approach for choosing the ‘proper’
educed impedance will continue to be assessed, it is deemed acceptable for current usage. Also,
these results demonstrate the capability of the HIMIT to acquire quality data up to 6 kHz.
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Figure 6: Replication of Figure 4 with impedances educed using the modal approach included.

Table 1: Impedance and sound power level as a function of mode order.

Impedance per mode Power Level per mode
[0,0] [1,0] [0,1] [1,1] [0,0] [1,0] [0,1] [1,1]

Freq, kHz θ χ θ χ θ χ θ χ dB dB dB dB
0.5 0.90 -4.14 88.5
1.0 0.48 -0.27 97.6
1.5 1.02 2.93 88.6
2.0 10.23 7.71 88.3
2.5 3.50 -5.91 89.2
3.0 0.90 -1.22 93.8
3.5 1.03 1.54 1.49 1.83 1.09 2.46 91.4 73.9 71.5
4.0 2.30 6.21 4.16 5.17 3.42 4.72 75.0 81.3 83.3
4.5 9.07 -5.54 4.51 -4.23 9.68 -11.22 90.7 69.7 67.4
5.0 1.41 -2.14 1.25 -2.26 3.56 3.32 3.93 -2.17 91.2 83.2 71.6 73.2
5.5 1.22 0.36 1.09 0.72 1.09 -0.65 0.21 -1.64 97.4 90.0 80.6 57.9
6.0 -0.86 2.04 2.45 3.10 2.47 1.08 2.46 1.33 74.8 86.0 65.9 66.7

The last objective is to evaluate the ability of the HIMIT to acquire quality data at higher SPLs,
albeit at frequencies where only the plane wave ([0,0] mode) is cut on (up to 3 kHz). To do so,
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another test was conducted with two samples (CSQ3 and GE01) at frequencies of 0.5 to 3.0 kHz in
0.5 kHz increments, with the SPL increased to 155 dB. It should be noted that the HIMIT is
capable of achieving higher SPLs over a large portion of the frequency range, but there are
dropouts at selected narrow frequency bands. The desire for this test was to ensure that all test
frequencies were evaluated at the same SPL, which led to the choice of 155 dB. As these data were
to be processed with the TMM approach, data were acquired with the rotating plugs sequentially
set to zero and 180 degrees.

One concern about testing at this higher level is the possibility of nonlinear acoustic propagation.
If a single tone (sine wave) is emitted at a sufficiently high SPL into a sufficiently long waveguide,
the time history of that tone will morph from a sine wave to an ‘N-wave’, i.e., the sound will disperse
into higher harmonics. Thus, the initial goal is to determine whether the duct length is sufficient
for this to negatively affect the results. The CSQ3 calibration liner is used for this assessment, as
it is very linear (the impedance is independent of SPL) and predictable.
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Figure 7: Comparison of impedance spectra predicted with ZKTL and those educed using the modal
approach for the mode with the highest power.

Figure 8 presents a comparison of the predicted and educed impedance spectra for the CSQ3
liner. Impedances educed in the NIT with an SPL of 120 dB are depicted with a red dashed line,
while those educed using Microphone 1 in the HIMIT are depicted with blue circles. Recall that
when the HIMIT was set to an SPL of 120 dB, the results compared very favorably to the prediction
and NIT data. The results for an SPL of 155 dB also compare favorably with the earlier data. As
noted earlier, significant nonlinear propagation would cause the SPL at the test frequency to be
reduced because some of the energy would be transferred to higher harmonics. Also, the amount
of energy transfer would vary with axial location. As a result, the educed impedance would be
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altered. The fact that the impedance is virtually unaffected by the increase in SPL indicates that
nonlinear propagation effects are minimal, at least for this frequency range. This confirms that the
HIMIT can be used to acquire high amplitude data with confidence. As noted earlier, later tests
are planned to extend this evaluation to higher frequencies.

Similar data were acquired with the conventional perforate-over-honeycomb liner (GE01), which
is known to be nonlinear. Two sets of data were acquired in the NIT with a frequency increment of
0.1 kHz, at SPLs of 120 and 140 dB. As expected, the normalized resistance increases with SPL for
this weakly nonlinear liner. Although the data acquired in the HIMIT is more sparse, a much more
significant increase in resistance is observed when the SPL is increased to 155 dB. The normalized
reactance spectra are also as expected., with a slight flattening of the curve as the SPL is increased.
The results for both of these liners follow the expected trends, thus providing confidence that the
HIMIT can be used to acquire quality data at high amplitudes - at least up to 155 dB.
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Figure 8: Comparison of impedance spectra predicted with ZKTL and those educed using the TMM
(NIT and HIMIT Microphone 1) for the CSQ3 liner.
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Figure 9: Comparison of impedance spectra educed using the TMM (NIT and HIMIT Microphone 1)
for the GE01 liner.

5 Concluding Remarks

The NASA Langley Research Center Liner Technology Facility has recently brought a new test rig
online for evaluation of acoustic liners at frequencies up to 6 kHz and sound pressure levels up to
155 dB. This test rig, labeled the High Intensity Modal Impedance Tube (HIMIT), was evaluated
with the use of two acoustic liners, one linear and one nonlinear. Impedances educed from data
acquired in the HIMIT were shown to compare favorably with those predicted via a transmission
line model based on Zwikker and Kosten’s propagation analysis and with those educed in the
NASA Langley Normal Incidence Tube. These results confirm that the HIMIT can be used with
confidence for the evaluation of acoustic liners over these frequency and sound pressure level ranges.
Future plans are to extend this evaluation to evaluate both test regimes simultaneously (i.e., high
amplitude and high frequency). Also, a number of additional liners will be evaluated over a wide
range of frequencies and amplitudes.
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