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Experimental Investigation of Instability of a Supersonic Mixed
Compression Air Intake
Mohammad Reza Soltani*, Mahdi Abedi, Javad Sepahi Younsi
Department of Aerospace Engineering, Sharif University of Technology, Tehran, Iran
*P.0.B. 1458889694, Tehran, Iran, msoltani@sharif.edu
ARTICLE INFORMATION ABSTRACT
Original Research Paper An extensive experimental study has been conducted to investigate the performance and stability
Received 13 November 2014 of a supersonic axisymmetric mixed compression air intake. The intake has been designed for a
Accepted 30 January 2015 free stream Mach number of 2.0. However, tests were conducted for free stream Mach numbers of

Available Online 21 Feb 2015 o L -
vatlable Oniine £1 February 1.8, 2.0, and 2.2. This investigation is aimed at studying effects of Mach number and back pressure

on the intake flow stability during the buzz phenomenon. Further, the effect of acoustic resonance

Keywords: . . . . .

SU’QQ“,SO”icAi, Intake on the Buzz frequency has been investigated. Buzz phenomenon is defined as the shock oscillation
Buzz ahead of the intake that may occur when the intake mass flow ratio reduces. Results show that the
Stability Margin stability margin reduces when the free stream Mach number increases. In addition, reducing the

Oscillation Frequency

: free stream Mach number and increasing the back pressure cause the oscillation frequency to
Acoustic Resonance

increase. The main cause of instability start is flow separation on the compression ramp and two
ranges of frequency of buzz oscillations are obtained, range of 100 Hz for flow instability for Mach
numbers of 1.8, 2.0 and 2.2, and range of 475 Hz for flow instability in Mach number of 1.8. For
both cases, the spatial domain of buzz oscillations covers the entire intake length. Further, these
low and high frequency ranges have significant conformity with the zeroth-order and first-order
of the acoustic resonance frequency, respectively, that increase the probability of existence of
acoustic resonance driving the buzz oscillation.

S oyse bl g oz 20 b lsa (3lg n Ll ph plad 1o Wb s g doudo -1
90 «Dgpoisdle lassgyy 9y p adlhe o ailuy jeige a4 &l 55550 2l 50 cote Sl (18 TTsa slagog s suiilen sl ysige jo
Olyee 205 L lasng,9 cnl 5o ol z,kae " (55 lsly g 0 Shos ne (5059 Wl ol IS ool e Luly g oy saliws s pdyyple jo A e

2- Performance and Stability 1- Air Intake

Please cite this article using: S lod o3liiw! Jod @yl 5l Wlio cpl @ gl (5150
M. R. Soltani, M. Abedi, J. Sepahi Younsi, Experimental Investigation of Instability of a Supersonic Mixed Compression Air Intake, Modares Mechanical Engineering, Vol. 15, No.
4, pp. 93-100, 2015 (In Persian)


https://dorl.net/dor/20.1001.1.10275940.1394.15.4.28.0
https://mme.modares.ac.ir/article-15-4240-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-19 ]

[ DOR: 20.1001.1.10275940.1394.15.4.28.0 ]

Ul 9 (Slolw Loy sexe

G5 @515 b agio Ggdle Slgd 5399 3 SBGIILL ST w1

i bl »li“&fl‘ff’cﬁ___‘”_i__’—_é'g_—i_—'*x-

[ (logigzsd=— (1) M>1 .~ M>1 IS M>1 |

N Yy —= Sl ()

! gt
__a=;7 () M>1 > H <
% O ML

<3|

B )

55 o515 Dpogsile (59,5 S e )5 Layl,s 1 IS

S bl s ol o U oS by eadabel clides mbs
W15 L san 95 Sgo Bedle (5399 e slaanais g5, Loy
IS 50 45 Wiaa; aze opl 4 diols sl 2 o8 Flo das o S S
Lo bl ol &5 0900 ssmlie bagogys cnl 5o bbb 5l oslie
175 Sl lejl s Gigline LS 35 > saials 5 osgumme ¢ il 3
S Ologt gamsls b SzsS plug mgae o5 ol plas pllSes 5 pid
ologi ~zse 5 (69 Jlens) sy (3o o 5l bz (ol b sy
@938 o315 w5l bz Glala bl e 55 lags gasels b S5
T 80959 e 0 45 05 plo Ko Slidy b el (b b
& cwl Sin ey a3l stie R Gl SeeS pleg
Obog mgge 5 B Lagyl a5 cenl ools (Las e (o A Slisiod
2 3 edle & S (o5 S (LB @l 5l g S JLaSe S0 5 S8
[119] wao 5 o] 51 (Ko Lo L g 56 50 2 ol (Sae (599

58S SVl 0 lagSKsgs Slleg sl (s30e 5 (0,20 Slalllas
Olwss ;o 50 as oy las wd plml | (Sie g Kb ey 1980 JL.
Ol ol anls 39y (69,955l Rl Sl SV o jlagSogs
Jole plugs a5 ,> s 10 a5l atils vezs 05l b aS Lias
ansls anilo) 1) JlagSSsgs g (sla el 5 039 (008 58 L) S pome
ly Olegi gse omay 955 Slalllae o> 5o oyl S Lai (il 3
a5 ob las gl wlidod mlis wols S8 (g2 3,50 158 (5395 S 50
3,953k il 5> Yoz adllas 3,50 (53959 5 8@‘9“ Dl godudy
ae) ol 55 6,500 Sl o1 51 ey [20] conl 35,50 Lags lubls
5 Llsezsd gove sladdos @ lyoe ol aler 5l &5 wl ol
P B o1 L gamgd (69950 Sy 0 lugi mzee Oype o S
[21] 5,5 6,L51 2002 L

"z oy Gae) 53 oS (slos S Ly i Slado plovil sy L
Olye a el ons aslis LolS j5b a4y 590 eayy Galeoads plonil (lugs
Obwgs ~zge Sllugs ulS B amalie 3,50 )3 0l SS &5 jobles Jle
$9958 O Ok Grgred Sl oud Folite slalesl S5 5 S8
glsel ool 25 il 5 hle sl s zoe glgil S92y Jods 4 5o 398l
Sire @Y bl s glsel J2a5 als 5 gamio JoSi5 5 oo b sl o
399, 4z )0 5 Sawl oz Sl by Sl 4z )0 5 sk
Do 1) 293 4y ogats Slasin g LS,

Sohhy St 4z o glelid 4SS g D Gl (95 Gln
oilesl abuil 5l Jols b 5l oolinul b alie ol 5o olosi ~zse

WS g8 5l Gupme B Oge B8l slsr 63959 ST 59, (225

8- Acoustic Resonance
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1- Back Pressure
2- Nozzle

3- Plug

4- DC Motor

5- Ball Screw
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5- Fast Fourier Transform (FFT) 1- Total Pressure Recovery (TPR)

6- Amplitude-Frequency 2- Mass Flow Ratio (MFR)

7- Mode of Frequency 3- Area Weighted Average

8- Stability Margin 4- Exit Blockage Ratio (EBR)
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