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 Why this study?:

— Unconventional buzz dynamics remain unexplored at

Mach 5

— No prior high-speed imaging (66 kHz) of such buzz

dynamics

— Bi-stability in inlet buzz has not been reported before 0.000 ms
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 Fixed Orifice Plates to induce inlet buzz

I'R = (An’i,;.:fffm/A-f'.ri.f) x 100%

— Awn : The blocked area by the plate
— Aexit . ISOlator exit area

e Cases with TR:
— 0%, 28%. 30%, 40%, 50%

* Imaging: Schlieren — 66k fps
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Normalising raw schlieren data to a wind-off
image

\Z

Extracting 1D profile of each image

\Z

Stacking and producing shock profile over time

\Z

"3x3 Sobel’ edge detection to get shock
position

\Z

Obtain max. intensity index for each line

\Z

Applying a moving median filter

\Z

Conversion to physical units (mm)

\Z

Plotting spatial time history

\Z

Applying Welch method to plot PSD

\Z

Generate spectrogram by spectral analysis
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Outline

« Temporal Analysis

— TR=0% Schlieren
— TR=28% & 40%

» Time history and Schlieren

« Spectral Analysis

— 3D PSD Waterfall Plot
— TR=28% & 40%

« PSD + Spectrograms
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Result and Discussion

* Temporal Analysis
— TR= 0% (fully-open case)

Separation- |
induced shock

4 Shoulder Reattachment
expansion shock
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0.000 ms

 Bi-stable mixed buzz pattern
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* Pure big buzz oscillations

===, Spatial Time History

—~saf 4 N 5 " M
A A AT AT A A
TAYAVANAWANANA
AR T A A N AR A
-E 40 I|I ll, Iu'll '|l | III rJ | r'J II|II | I'-l r| I|I
E_ 20 II"a' \ ! \ JJ 1'1 'f R‘- / I“-.\ .'Ir
<C _l( \=/ I:'d'j II"J) | Y v

E?DZS ‘ﬁ——/. 0.03 0.035 0.04
TR=40% Time (s)




Result and Discussion

The University of Manchester

. 3D Waterfall Chart
» Spectral Analysis
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» Spectral Analysis
— PSDs and Spectrograms

3D Waterfall
Spectrogram Spectrogram
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« Stable inlet flow until a critical blockage (28%).

« At TR=28%, unique bi-stability: low amp. buzz is precursor of big buzz In
each cycle.

* Big buzz frequency ~290 Hz, modulating (245-330 Hz) in a non-stationary
mode.

« Low amp. buzz initiates instability and drives shock system.

* Insights aid future high-speed intake design and control.
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