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ABSTRACT

Inlet buzz is an unsteady flow instability in high-speed
intakes, affecting stability and engine performance. This
study investigates buzz development in a 2D planar intake
with a 10° ramp in Mach 5 flow, where exit blockage in-
creases using fixed orifice plates. Schlieren imaging at
66 kHz is used to investigate the flow dynamics. At 28%
blockage, big buzz appears with a dominant frequency of
290 Hz, modulating between 245-330 Hz over time. It
is accompanied by precursor little buzz oscillations, cre-
ating a bi-stable flow pattern. As blockage increases, the
oscillation shifts to a more stable big buzz mode, with fre-
quencies rising to 491 Hz at 40% and 543 Hz at 50%. The
amplitude of these oscillations initially grows, then sta-
bilizes. Shock-boundary layer interaction and upstream
shock motion drive these changes, shifting the separa-
tion bubble and forming an effective throat. The findings
reveal a previously unreported bi-stability, where flow
alternates between large-scale big buzz oscillations and
intermittent little buzz-like structures, providing new in-
sight into how blockage affects inlet stability.

1. INTRODUCTION

Buzz in supersonic intakes is generally categorized into
two main types: “little buzz” and “’big buzz” [1]. Lit-
tle buzz, known as the Ferri Criterion [2], occurs in
the supercritical regime and is characterized by high-
frequency, low-amplitude oscillations driven by the insta-
bility of shear layers near the cowl lip. Big buzz, known
as the Dailey Criterion [3], which is the precursor of in-
let unstart, creates low-frequency, high-amplitude oscil-
lations, resulting in total separation due to the interac-
tion of the expelled normal shock with the oblique ramp
shock in subcritical conditions. Certain studies identi-

fied unconventional types of buzz mechanisms, such as
“added buzz” [4, 5], and “medium buzz” [6], though
these phenomena are limited to low supersonic regimes
(Mach 1.8-2.5).

Chang et al. [7] suggested a different flow pattern for
hypersonic inlets (Mach 4.5-6.0), identifying a mixed os-
cillatory pattern (alternating strong and weak cycles) and
a non-oscillatory violent pattern (nearly stationary shock
system with slight fluctuations). These findings highlight
the complexity of hypersonic inlet dynamics but focus on
sequential, non-overlapping oscillatory modes. In con-
trast, this study reveals a unique bi-stability flow regime
in a Mach 5 inlet, where little buzz oscillations act as pre-
cursors to big buzz oscillations within each cycle. Un-
like Chang et al.’s mixed pattern, where strong and weak
oscillations alternate one after the other, the oscillations
in this study exhibit characteristics of both little and big
buzz. Earlier studies [4, 5, 6, 7] have used relatively low
data capture rates (up to 4 kHz); this work applies high-
speed imaging at 66 kHz, a crucial advancement that en-
ables the observation of previously unreported oscillatory
dynamics in the flow.

2. EXPERIMENTAL SETUP

2.1 HSST Wind Tunnel

Experimental tests were carried out in the High Su-
personic Tunnel (HSST) at the University of Manch-
ester (see Fig. 1). Air, stored at 1700 kPa in the re-
ceiver tank, flows through a high-throughput dome valve
to regulate total pressure. A heater allows the adjust-
ment of the Reynolds number and prevents condensa-
tion during nozzle expansion to Mach 5. The test con-
ditions included a plenum total temperature of 350 K, a
freestream total pressure of 820 kPa, and a Mach num-
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Figure 1: University of Manchester HSST [8]

ber of 5.0. The Reynolds number per unit length was
1.48 x 107 m~! by calculating the viscosity with Suther-
land’s two-coefficient law. Optical access for visual flow
diagnostic methods was provided by two parallel rectan-
gular quartz windows (300 mm by 210 mm) mounted in
the access doors.

The designed intake model comprises a two-
dimensional planar inlet featuring a single compression
ramp surface, mounted on a two-legged floor mount sys-
tem with a fixed orifice plate as a back-pressure mecha-
nism, as illustrated in Fig. 2.
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Figure 2: Mach 5 intake model in the HSST Test Section

2.2 Test Geometry

As the main objective of this study is to investigate in-
let unstart rather than optimizing the inlet design, a sim-
plistic design approach was employed, obtaining main di-
mensions through inviscid flow calculations and neglect-
ing the boundary layer or related viscous effects. The test
model geometry is given in Fig. 3. As seen, a single
ramp has 10° inclination regarding the freestream direc-

tion. The isolator cross-section is 34 mm wide, 14 mm
high, and it is 78 mm long.
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Figure 3: Fully assembled intake model: a) isometric
view; the represented numbers are ramp (1) and cowl (2),
sidewall metal frames (3) and sidewall acrylic windows
(4) for optical access, b) lateral side section view. All
dimensions in mm.

Fixed orifice plates were employed to regulate the
throttling ratio, serving as a back-pressure increase mech-
anism. By changing these plates, the isolator exit height
was adjusted between 0 mm and 7 mm, allowing for a
range of test conditions. As mentioned previously, the
isolator open exit is 14 mm in height without any addi-
tional blockage. The corresponding throttling ratios vary
between 0 to 50%. The throttling ratio (TR) is identified



as

TR = (Ath.plate/Aexit) x 100% @))

where A;j, 140 1 the blocked area by the orifice plate
at the isolator exit, and A.,; is the cross-sectional area of
the isolator exit.

For a self-started intake design, the theoretical
Kantrowitz limit was adopted [9]. The limitation of the
Kantrowitz line for the current intake design corresponds
to TR=0.25. By increasing the throttling ratio further, the
inlet can be easily unstarted.

2.3 Schlieren

The flow was imaged using a standard Z-type schlieren
system (Fig. 4) comprising two 12” parabolic /7.9 mir-
rors that provide an extensive and clear view of the whole
test section. The light source used was Luminus Devices,
CBT-90 Green. A static chip-on-board LED having a
9 mm? chip area provided the necessary amount of illumi-
nation for the ultra-high-speed camera (Phantom V1610)
to capture the unsteady shock oscillations during inlet
buzz. The sensor was cropped to 640x160 pixels to cap-
ture only the necessary information and the correspond-
ing spatial resolution is 4.16 pixels/mm. With the reduced
active sensor area, the flow was imaged at 66 kHz, en-
abling observation of the detailed buzz flow character-
istics. The data was stored in the camera buffer before
downloading to an external SSD. Prior studies on inlet
buzz did not observe oscillations beyond 1 kHz and the
current study observed oscillations up to around 523 Hz.
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Figure 4: Top-down view of the schlieren system around
the test section

Using the time-resolved schlieren images, the position,
and therefore oscillatory motion of the shock, can be an-
alyzed via suitable post-processing. The post-processing
algorithm is presented in Fig. 5.

As illustrated in Fig. 5, the raw schlieren images were
first normalized to a wind-off image to filter the visual
noise. A one-dimensional line (yellow line in Fig. 6)
along the isolator centerline was selected as the region
of interest to track the separation-induced shock position
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Figure 5: Image processing flow chart

denoted as A. The extracted shock position from each im-
age was then compiled over time (one pixel per frame) to
construct a time-history representation of shock motion.
Fig. 6 demonstrates the initial image processing steps to
obtain the shock position profile.

In Figure 6b and 6c¢, the oscillatory patterns belong
to cases with TR=28% and TR=40%, respectively. The
straight horizontal thick line in both cases represents the
fixed position of the ramp shock. During the buzz cycle,
when flow spillage occurs, the separation-induced shock
moves upstream, disrupting the ramp shock and causing
the thick line to disappear from the stacked images (see
6b and 6¢).

The extracted shock position profile was imported
into MATLAB (R2022a) for further analysis. A two-
dimensional Sobel edge detection filter was applied to
detect profile edges, allowing precise identification of the
shock position. The maximum intensity index for each
line was then determined, followed by the application
of a moving median filter to smooth the detected peak
locations and mitigate potential noise artifacts. Since
the extracted shock position was initially represented in
pixel units, a conversion to physical units (millimeters)
was performed to obtain the actual displacement ampli-
tude. The resulting shock displacement-time history pro-
file was analyzed using Welch’s method to compute the



Figure 6: Initial image processing steps, a) The line of
interest, b) buzz oscillation map at TR=28% with stacked
images, c¢) buzz oscillation map at TR=40% with stacked
images

Power Spectral Density (PSD) components, which pro-
vides insight into the dominant frequency of the oscilla-
tory motion. Finally, a spectral analysis was conducted,
integrating both time- and frequency-domain representa-
tions, concluding in the generation of a spectrogram that
visually captures the temporal evolution of the shock os-
cillation characteristics.

3. RESULTS AND DISCUSSION

As a baseline, the TR = 0% case was evaluated, corre-
sponding to a fully open isolator channel exit. The time-
averaged and normalized schlieren image at fully opened
condition is presented in Fig. 7. Since the cowl tip is not
visible in the schlieren images, its approximate bound-
aries were outlined in a light yellow colour relative to the
incoming flow. The cowl tip is flush with the outer edge
of the observation window.

Figure 7: Flow pattern of the intake with the duct exit
fully opened (TR = 0 %), Represented numbers are:
1) Ramp shock, 2) Reflected shock, 3) Cowl tip shock
4) Shoulder expansion 5) SBLI, 6) Separation-induced
shock, 7) Reattachment shock

As shown in Fig. 7, the ramp shock impinges on the
cowl tip, indicating the expected critical (design) condi-
tion based on theoretical inviscid flow predictions. It is
important to note that the intake configuration employed
in these tests follows an aggressive design, preventing op-
eration in a supercritical regime. As discussed previously
(Section 1), a supercritical condition would lead to the
ingestion of ramp shock in the intake flow field.

The ramp shock (1) reflects off the cowl and creates
a reflected shock formation (2). The shoulder expan-
sion waves (4) interact with this reflected shock, slightly
curving it. The impinged reflected shock then creates an
adverse pressure gradient over the local boundary layer
causing a local flow separation due to Shock-Boundary
Layer Interaction (SBLI) (5) (see the dashed square
zone). Because the high-pressure region behind the shock
propagates upstream through the subsonic portion of the
boundary layer, the separation point shifts upstream of
the theoretical inviscid impingement location of the in-
cident shock. The separated boundary layer results in
a separation-induced shock (6) followed by downstream
reattachment, generating a reattachment shock (7). This
broad shock structure remains almost constant until the
initiation of a buzz at TR of 28%.

With the flow structure of the fully open case estab-
lished, the analysis now shifts to the TR=28% condi-
tion, where the onset of buzz was observed. Unlike the
fully open case, in which the internal shock system re-
mains stable, the introduction of partial blockage alters
the nature of the oscillations, leading to a transitional flow
regime. To investigate the effect of reduced blockage on
shock dynamics, the oscillatory pattern for TR=28% was
extracted from the schlieren images. The physical profile
of the shock position, along with a magnified time seg-
ment highlighting key oscillatory features, is presented
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Figure 8: Spatial time history of the extracted shock pro-
file position at TR=28%

In Fig. 8, the x-axis represents time in seconds,
while the y-axis represents shock position in millime-
ters. The TR=28% case exhibits a transitional oscilla-
tory pattern, characterized by alternating low- and high-
amplitude shock movements. A magnified portion of the
time history reveals how the shock motion evolves as the
intake approaches buzz onset, highlighting the shift be-
tween low- and high-amplitude oscillations.

When the orifice plate with TR=28% is applied, the



flow cannot be steadily ingested due to the mismatch in
mass flow between the inlet and exit sections. The result-
ing flow pattern indicates a transitional oscillatory pat-
tern, marking the onset of buzz. While the oscillation
pattern varies over time, it maintains repeating features
across different cycles, as illustrated in Fig. 8. Most
cycles consist of a few precursor low-amplitude oscilla-
tions before resulting in a high-amplitude big buzz pro-
cess. In the selected representative cycle (highlighted by
a green dashed square), two lower-amplitude oscillations
(one full and one partial) precede the initiation of a dom-
inant high-amplitude oscillation. Following each high-
amplitude buzz peak, the mass flow is re-ingested into the
intake as back pressure decreases, repeating the process.

To gain a deeper understanding of the underlying flow
behavior, the selected cycle in Fig. 8 was analyzed in
detail, and its complete expulsion and ingestion process
is illustrated through the schlieren montage in Fig. 9.

As can be seen in Fig. 9, the separation-induced shock
(Arrow A) struggles to resist the back-pressure changes
due to its unsteady nature. At t=0 ms compared to the
cases with lower TRs, there is an effective throat (dashed
circle) in the isolator due to a large separation zone. The
increased back pressure then pushes the internal shock
structure upstream.

At t=0.45 ms, the shock structure at t=0 ms approaches
the cowl tip (Arrow B). At this time, the back-pressure
gradient at the last quarter of the duct creates a single A
shock (denoted as C), causing separation and downstream
shear layer creation. (zone with red dashed square).

Once there is an internal pressure relief after
t=0.45 ms, the incoming flow and the shock structure in-
dicated with Arrow B at t=0.45 ms are ingested inside the
duct (Arrow B’) showing the flow pattern at t=1.05 ms. A
shock train is formed in the upper part of the duct (indi-
cated by D) with an effective throat area due to a large
separation zone downstream of the ramp shoulder.

At t=1.50 ms, a normal shock train (Arrows E) [10] ap-
pears downstream of the duct and persists intermittently
in different formations until around 2.48 ms, preceding
the onset of the big buzz oscillation. During this period,
low-amplitude, high-frequency oscillations momentarily
cause a Mach reflection (Arrow F) to intermittently inter-
act with the cowl tip normal shock (Mach stem), leading
to localized pressure increases. As the oscillation pro-
gresses, the normal shock train labeled as G (character-
ized by a series of lambda shock patterns) occupies most
of the isolator duct. Eventually, upstream movement of
this unsteady shock system leads to the expulsion of the
separation-induced shock from the duct.

At t=3.15 ms, the expelled shock (Arrow H) inter-
acts with the ramp shock and forms a stronger separation
shock above the ramp surface. At t=3.62 ms, a subsonic
flow spillage occurs from the inside to the outside flow re-
gion at the cowl tip by further expelled separation shock.

At this moment, the internal flow field is fully subsonic.

t=1.05 ms

Figure 9: Flow pattern of the intake with the duct partially
blocked - (TR =28%)

Once the internal shock structure has been expelled,
the internal pressure is reduced allowing the intake to par-
tially begin restarting. Eventually, the internal supersonic
flow again takes place. This whole procedure repeats it-
self as explained above.

The analysis of the TR=28% case has highlighted
the transitional nature of the shock oscillations, where
low- and high-amplitude fluctuations precede the onset
of a large-scale buzz event. The extracted shock profile
and schlieren visualizations revealed how the separation-
induced shock struggles to maintain stability under back-



pressure variations, eventually leading to periodic expul-
sion and re-ingestion cycles.

As the total blockage increased to TR=40%, the os-
cillatory behavior changed significantly. Unlike the tran-
sitional oscillations observed at TR=28%, the TR=40%
case exhibited a well-defined big buzz pattern character-
ized by high-amplitude, low-frequency oscillations. This
distinction iss evident in the spatial time history of the
extracted shock profile, as shown in Fig. 10.
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Figure 10: Spatial time history of the extracted shock pro-
file position at TR=40%

As seen in Fig. 10, the x-axis represents the time do-
main in seconds and the y-axis represents the displace-
ment amplitude in mm units. The shock profile along the
temporal domain demonstrates pure big buzz oscillatory
characteristics. The specific shorter time period clearly
shows this pattern. To further investigate the flow charac-
teristics of this condition with the help of schlieren data,
one representative cycle was chosen and indicated within
the green dashed square line in the zoomed image.

At TR=40%, the intake experienced high-amplitude,
low-frequency oscillations. A single representative cycle
from Fig. 10 is demonstrated in detail in Fig. 11 with the
help of time-resolved schlieren images.

The characteristics of big buzz oscillations closely re-
semble a simple sinusoidal pattern, with the increased
blockage leading to stronger terminal shock formations,
which in some cases are referred to as normal shocks due
to their formation in regions of high pressure gradients
and their quasi-steady, oblique nature in certain flow con-
ditions. As shown in Figure 11, when t=0 ms, a coalesced
terminal shock structure (Arrow A) is close to interacting
with the upstream flow field. This terminal shock then
propagates upstream, interacting with the incoming su-
personic flow. By t=0.2 ms, it induces a Mach reflection,
generating a Mach stem near the cowl lip. Subsequently,
the internal flow is expelled due to the detached ramp
shock, leading to the formation of a strong separation
shock. This separation shock travels upstream, nearly ex-
iting the field of view by t=0.95 ms. As the duct internal

pressure decreases again, the ramp shock and the over-
all shock system are reingested into the intake around
t=1.51 ms, restoring a flow configuration at t=2.04 ms
that closely resembles the initial state at t=0 ms.

t=0.95 ms

Figure 11: Flow pattern of the intake with the duct par-
tially blocked - (TR = 40%)

While the shock profile time history and schlieren data
provided valuable insight into the temporal and spatial
evolution of the shock system, they primarily captured
the qualitative nature of the oscillations. More impor-
tantly, the shock profile presented non-stationary charac-
teristics that cannot be investigated in the temporal do-
main. However, to gain a more quantitative understand-
ing of the frequency content and dominant oscillatory
modes, further spectral analysis is required.

Spectral analysis enables the identification of the dom-
inant frequencies of the shock oscillations and how they
evolve across different blockage ratios. This is especially
critical in distinguishing between stable and unstable flow
regimes, especially in cases exhibiting bi-stability. To
provide this, a three-dimensional waterfall plot (see Fig.
12) was introduced, providing an overall examination of
spectral analysis by benefiting from PSD diagrams for



not only the cases of TR=28% and TR=40% but also
the cases with TR=30% and TR=50%. This visualiza-
tion allows for a direct comparison of frequency content
and amplitude variations across different throttling ratios,
revealing the relation between throttling ratio and shock
oscillation frequency.
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Figure 12: Waterfall plot of the PSD distribution for dif-
ferent blockage ratios (TR = 28%, 30%, 40%, and 50%)

In Fig. 12, the x-axis represents the frequency domain
in Hertz, the y-axis represents the frequency amplitude,
expressed in units of mm? /Hz, representing the signal’s
strength in terms of physical displacement, and can be
named the displacement amplitude, and the z-axis repre-
sents the blockage ratio in terms of TR.

As shown in Fig. 12, at the buzz initiation point of
TR=28%, the flow exhibits bi-stable behavior, with a
dominant frequency of 290 Hz (amplitude 4.16 mm?/Hz).
This flow oscillation is not a pure tone and there are sec-
ondary frequencies of lower amplitude close to the main
peak. With a slight increase in the throttling ratio, the
flow still exhibits bi-stability at TR=30%; however, big
buzz oscillations become more dominant. The peak of
the dominant frequency shifts to 326 Hz with a signifi-
cantly higher amplitude of 9.80 mm?/Hz, indicating that
the shock system is transitioning toward a stronger, more
periodic big buzz mode.

As mentioned previously, upon increasing the block-
age ratio to TR=40%, the bi-stability disappears, and the
flow settles into a stable pure big buzz oscillation (see
Fig. 10 at 491 Hz, with an amplitude of 13.32 mm?/Hz).
The absence of secondary peaks suggests that the shock
system has fully shifted into a high-amplitude, single-
frequency oscillatory regime. The same characteristic is
also present with a further increase in blockage ratio by

50%, resulting in an even higher dominant frequency of
543 Hz, with an amplitude of 11.93 mm?/Hz.

Since the waterfall plot provided a broad spectral
overview, a more detailed frequency-domain analysis is
required to understand the evolving dynamics for cases
where TR=28% and TR=40%. The reason for selecting
these two cases was their relevance in representing the
rest of the flow conditions. TR=28% case represents the
region of transitional bi-stability (28%-30%) whilst the
TR=40% case represents the pure big buzz oscillations.

As demonstrated in Fig. 12, the PSD diagram of 28%
case was detailly examined. PSD analysis was first used
to observe the dominant frequencies present in the oscil-
latory behavior, offering a clearer picture of the energy
distribution across different frequency bands. Following
this, a time-frequency spectrogram was utilized to reveal
how these frequencies evolve over time, providing a more
comprehensive characterization of the unsteady flow dy-
namics. The analysis will begin with the TR=28% case
before extending to the TR=40% case for comparative
evaluation.

For the transitional bi-stable shock profile at TR =
28%, PSD diagram was generated by employing Welch’s
method (see Fig. 13), which is particularly effective
for noisy or non-stationary signals due to its segment-
averaging approach. A frequency range of 0-1500 Hz was
shown to highlight the dominant features of the results.
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Figure 13: Power Spectral Density of the intake at
TR=28%

In Fig. 13, the frequency amplitude is expressed in
units of mm?/Hz, representing the signal’s strength in
terms of physical displacement, and can be named the
displacement amplitude (absolute spectral power). This
metric highlights the oscillatory behavior of the shock
system. To compute the spectral density, as mentioned,
Welch’s method was employed, which divides the time-
domain signal into overlapping segments, applies a win-
dow function to each segment, and then averages the re-
sulting frequency spectra to reduce noise and improve
spectral estimation. In Fig. 13, a window size of 8192
samples with more than 95% overlap was used to ensure
smooth spectral estimation while reducing noise.

The power spectrum reveals that the dominant fre-



quency component corresponds to the large-amplitude
oscillations of the bi-stable pattern, occurring at 290 Hz.
Secondary dominant peaks at 245 Hz and 330 Hz are also
observed, which may also be associated with the primary
buzz cycle.

Given the complex nature of the bi-stable flow pat-
tern and the non-stationary nature of the signals exam-
ined, traditional PSD analysis alone may not capture all
the essential features of the dynamic behavior of the sys-
tem. To address this limitation, a time-frequency analy-
sis was employed using a spectrogram. The spectrogram
for TR = 28% is presented in Figure 14, illustrating the
frequency region of interest (0—1500 Hz) throughout the
time history.
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Figure 14: Spectrogram graph at TR=28%

The y-axis represents the frequency domain through-
out time history lying in the x-axis with the colormap
representing the displacement amplitude in normalized
spectral power. Unlike the PSD, which provides abso-
lute spectral power (mm?/Hz), the spectrogram shows the
evolution of power over time in relative terms. The time
and frequency resolution of the spectrogram are chosen
carefully as 1.94 ms and 4.03 Hz, respectively, taking into
account the trade-off between them.

The spectrogram in Fig. 14 reveals the time-varying
frequency content of the shock oscillations, with the
dominant energy concentrated approximately around the
245-330 Hz range. This band corresponds to the big buzz
oscillations, with the 290 Hz peak representing the time-
averaged dominant frequency. The modulation within
this range reflects the unsteady nature of the shock system
as it transitions between the expulsion and re-ingestion
phases. Notably, similar studies on Mach 5 intakes have
reported dominant big buzz frequencies of 110 Hz [7],
124 Hz [11], and 330 Hz [12], with the latter closely
aligning with the upper bound of the observed frequency

range in this study. This variability was already captured
in the PSD diagram (Fig. 13), where 290 Hz emerges as
the primary mode, with 245 Hz and 330 Hz as secondary
dominant frequency peaks. The frequency modulation
suggests that the oscillatory behavior is governed by a
bi-stable flow regime, where competing pressure gradi-
ents drive the shock system between stable and unstable
states.

The spectrogram’s color map (Fig. 14) further visu-
alizes this unsteady behavior, showing a broad region of
high intensity centered around the dominant frequency of
290 Hz. This spread suggests that multiple buzz cycles
contribute to the oscillations. The most noticeable energy
levels are observed between 0.12-0.14 ms, indicating the
peak activity of the big buzz oscillations during this pe-
riod.

The time history data (Fig. 8) revealed lower-
amplitude oscillations, known as little buzz, which act
as precursors to big buzz. However, these disturbances
were not distinctly visible in the spectrogram or the PSD
diagram. Their absence in the frequency domain analysis
suggests that they do not contribute significantly to the
dominant spectral content but instead reveal in the spa-
tial time history plot, where they appear to initiate the
transition toward high-amplitude big buzz cycles. This
strengthens the role of little buzz oscillations as precursor
disturbances that gradually destabilize the shock system,
ultimately leading to the full-scale unstart behavior.

The case with a blockage ratio of 28% showed
the complexity of the bistability pattern and its time-
dependent characteristics, requiring a detailed spectral
analysis to capture their transient nature. On the contrary,
when the TR was increased to 40%, the flow exhibited
a more stable periodic behavior dominated by pure big
buzz oscillations, as observed in the time history analy-
sis (see Fig. 10). Unlike the TR=28% case, where fre-
quency modulation was obvious, the shock oscillations at
TR=40% followed a regular cycle, suggesting a station-
ary flow regime.

Since the shock profile at TR=40% (Fig. 10) exhib-
ited a nearly uniform periodic pattern, one can expect the
PSD diagram to be concentrated around a single domi-
nant frequency peak. Instead of relying on the spectral
analysis with PSD diagram, a spectrogram was used to
verify whether any frequency modulation occured around
the dominant frequency. The result, presented in Fig. 15,
confirms the absence of this behaviour.

The spectrogram at TR=40% was generated using the
same time and frequency resolution parameters as in the
TR=28% case to maintain consistency. As demonstrated,
the dominant frequency along the temporal domain re-
mains nearly constant over time forming an uninterrupted
horizontal colour band around 491 Hz. This stable fre-
quency contrasts completely with the frequency modula-
tion seen in the TR=28% case and confirms that the shock
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Figure 15: Spectrogram graph at TR=40%

system at TR=40% oscillates in a more periodic manner.

The spectrogram analysis further highlighted the key
differences between the TR=28% and TR=40% cases. At
TR=28%, the flow demonstrated clear bi-stability, with
dominant oscillations fluctuating within the 245-330 Hz
range. The presence of frequency modulation and the
role of little buzz oscillations as precursors established
the unsteady nature of this case, where the shock system
continuously shifted between stable and unstable states.
In contrast, the TR=40% case presented a more periodic
flow, dominated by a single stable frequency at 491 Hz,
confirming the absence of such modulation over time.
This contrast emphasizes the unique complexity of the
TR=28% regime, where the interplay between compet-
ing pressure gradients drives the system into a dynamic
and unstable state.

4. CONCLUSION

The inlet buzz process was investigated in a floor-
mounted intake model in a Mach 5 freestream flow. The
model features a two-dimensional planar design with a
10° ramp angle and fixed orifice plates at the duct exit
were used to increase back pressure.

Until a certain throttling ratio, the internal flow field
remained steady, without presenting any significant un-
steadiness. However, as the throttling ratio (TR) in-
creased, the separated flow region thickened, affecting
the internal shock system. Around TR = 28%, bound-
ary layer separation caused a flow blockage, leading to
unsteady shock expulsion from the intake capture area.
The resulting flow characteristics exhibited a bi-stable
flow pattern, in which low-amplitude precursor oscilla-
tions (little buzz-like structures) preceded high-amplitude
big buzz oscillations. The dominant big buzz frequency

was 290 Hz; however, this was not stationary, fluctuat-
ing between 245-330 Hz due to possible hysteresis ef-
fects from changes in the effective throat area and back-
pressure conditions.

Despite the absence of a shear layer (supercritical con-
dition), certain blockage ratios that initiate big buzz still
exhibited relatively high-frequency, low-amplitude os-
cillations within each cycle inside the isolator. These
flow structures shares similarities with the Ferri criterion,
where shock-boundary layer interactions sustain oscilla-
tions even in the presence of a dominant big buzz. The
interplay between big buzz and these persistent small-
amplitude oscillations define a bi-stability pattern, where
the system transitiones between large-scale oscillations
and intermittent small-scale disturbances. The flow in
this transitional regime does not exhibit stationary peri-
odicity, with the dominant frequency of large-scale oscil-
lations changing slightly through time.

As blockage increased further, the oscillation shifted
towards a pure big buzz mode, with its dominant fre-
quency increasing to 491 Hz at TR = 40% and 523 Hz
at TR = 50%. The oscillation amplitudes initially grew
with increasing blockage but then stabilized.

Three-dimensional flow structures from sidewall
boundary disturbances may also affect the inlet buzz pro-
cess. To better understand these effects, additional flow
diagnostics like pressure-sensitive paint (PSP) or oil flow
visualization should be used. Additionally, replacing
fixed orifice plates with a dynamic back-pressure mech-
anism could help analyze the time-dependent evolution
and hysteresis effects of inlet buzz more effectively.
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