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Experiment on buzz characteristics of two-dimensional
twin-duct supersonic inlet

WEN Yufen, ZHANG Zheng, ZHANG Weiqun, HAO Sisi, ZHANG Yuan

(China Academy of Launch Vehicle Technology,
China Aerospace Science and Technology Corporation, Beijing 100076, China)

Abstract: An experimental investigation on the buzz characteristics of a two-dimensional, twin-duct
supersonic inlet was carried out at Mach number 2.6. By analyzing the pressure variation law at different
positions of the inlet, the flow characteristics were attained while the inlet operation changed from
unstarting to restarting. Results showed two modes of buzzing at different throttle choking ratios: both of
the inlet ducts buzzed together; one of the inlet ducts buzzed while the other one worked at a highly
supercritical operation. By comparing the inlet pressure characteristics under different buzzing modes, it
was noted that low-frequency oscillation was observed when both of the inlet ducts buzzed together, and
the pressure variation was closely related to periodic shock wave movement. The buzz frequency was
21.5 Hz, and the peak value of the fluctuating pressure was about 75% of the total pressure of free-stream
flow. On the contrary, high-frequency oscillating was noted when only one inlet duct buzzed, and the
pressure oscillation was dominated by flow separation. The buzz frequency reached over 325 Hz, which
was about 15 times of the frequency for the first mode of buzzing, and the amplitude peak was found to be

approximate to the total pressure of free-stream flow.
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X IO A BRI PR G B JE (K ISR 1R
B4 g5 T T80 1 A HESL T 22 Ak =CE

20220979-3



IR DA

%39 %

R1 ARELTHSEHEEE(TR D
Table 1 Throttle choking ratios of the inlet at different cone

positions (state 1)

LJ/mm K./%
29 329
30 33.8
31 34.8
32 35.7
41 44.9
14
o [JEH Wil
10+
" —a— L. =29 mm
Sj [ —e— L =30 mm
R P —a— L=31 mm
4t —v— L=32 mm
»4
) —<— L=41 mm
0.487 0.533 —— L2229 mm
0 IS S I U T S S S S SR
02 03 04 05 06 07 08 09 1.0
x/L
(a) ZefHEH
14
— o
LR W
10+
8 —=— L =29 mm
= ; —e— L =30 mm
6 e A —a— L=31 mm
L P —v— L=32 mm
4 v .
) I —<— L =41 mm
| 0.4166 (?.533 —— L=29 mm
0 I RS S SRS SR N AU TN SR ST SN SN SUN S S
02 03 04 05 06 07 08 09 1.0
x/L
(b) At <iE

4 HECERITRERR R AL
(LB 1, XUk — P sl )
Fig. 4 Static pressure distribution of the inlet

(state 1, both inlet ducts buzzing—restarting)

FETHT 1)V R R Rl 2, o P A bR ROk A2 Al
HEAE 10 RE T BV R (py po) L B DAR i
J po AT T Jo i AL AL B, 43 545 7R S pipe F
Pidpos BEABFR x 7R A 3l 1) 007 8, DLk
BEMEAT T Tm WA 3, brs Sk x/L, KA 2k
A3 SR T RS AR RIS L X P R
SR T BECE < TE H T A — R B 4R — XA
sl B sh ARt it 7

1) 1B % TAE: 2415 7 dE4E 7 29 mm iz 3
2 30 mm i, PEAGE IEH TAE, 2. ARy
gk I i K BE N AY x/L=0.533 {3 & 43 5138 3
Z x/L=0.487 M x/L=0.466 {3 & , ¥ i M e H

RV R R R 2 B, HE 0 R E ) B A
Wi Pu~ P %Dplzx P B Ny s L /ﬂ\:)ﬁ, bifi %
TR RS 2 L=31 mm I, 25 . A5 000038 Ao e
HEh AR pp M op, YW T B 2 L TF, (B0
BT Pu Gl P R PR FF AN AR, 3% BH DL e &
JRE SRR A T R AR R, (EL R T S R
RN B, BRI~ PR L=
32 mm o7 &, 45 B AE IR Be itk — 2 i S
SRREIET Y6 N O sk SN AL STE N
Pk Boa B XY ak B O B sh R B L=
31 mm B3R, H LB E ST S 1A S )
OV 0 sh S B R R B I B AR 1k, 45 )R
WO AT SR A T AR B

2) WU g 4 : i — DR AS 1 nE 2 L=41 mm
BF, OB P U GE 19 3 28 B R O 45%, WU E < E
B 8 A~ s 25 F 1 ¥ B T K B AE 2 H IR
(& 3), #EAGE S 11 Ui 45 1 A9 S R it i
BT A (E] 4), X R WO A i

3) WU P Bl HERGE R AR RS, R
TLAEE L=29 mm, KRG MG K, %538 E
T30 50 s T i A S 5 — N HEAL L=29 mm [}
— 3, R E IR R B S - AHEA
L=29 mm B 1T RR R T o 2 5, 45 R 0
N EFEAGEY BN x/L=0.533 i B, X 3%
WU B S T AR B

5451 T HERL L=41 mm B, PES I8 R
i 04 sl 25 TRy st sk A4 ke il 2 s K L, T e 0 A A
p RS M SR ST, ORTLERE po #1477
T WAL B, KRR plpge 245 AEH L=32 mm
AR 2 L=41 mm [, JF< T8 P I 18 3% 28 B 4 K,
FH E R AS W A 2 ST IR TE Y T E
WeRRE46, S8 T NI E IR . & =47.6762 s
BF, 30 I IR & A i A, U A S N
] PN, 45 S A5 I A 0 T I B s B B
Wil 5 PN 3L 1 8 R AR HE s, R B R
fE =47.721 6 s B} R R AR . )5, 205 I
JE2E/E T, #EAGE XCE BT IR R, N E
JE NP HRIG K, H & =47.761 8 s I} N 18 T REAT
fitg 1 48 1 AR B3k B IR K, B ESGE 5k B
FE k8] 15p, 247 . e, FRERSIER -
i ) R HE SR R AR A R

M &L 5 38 AT LA i, F ST AT R A i i S5 5
B, 20514 0.085 6 s F10.089 s, I i 4% & 151 F
K%, 7 0.05~0.06 s Z [a] o 7€ HI P54 Mg 41 J& 39 14

20220979-4



TRE A B ORI ST T iR R

At/l(gSS_ 856 890 578 524 513
e kb A
L L)
RN
150 Pey | oo
£ 1o '!' |
i "{“Nﬂ" N
0 D Rt R D
el fj**l . i v
£ W% ! M ”\i#
w— gl |
15 Foppenpinithl) |
£ 0 /WV».: :WN
5#47676Wr4776185.i l\/
47.65 47.75 47.85 47.95 48.05

t/s

5 PERIENR R F AR T AR At SO A
(TH 1, L=41 mm)
Fig. 5 Enlarged view of dynamic pressure time history in the

buzzing duration of the inlet (state 1, L=41 mm)

7o AR AGE R S AR R T W] A AN XS
P Hovp 22 RSB A 4 A 3 2SR 7R — i
YRR P 2 BT 22 Uk i 2 e e s, SR BZ A

A Wi P o B AE SR TR OR T I B 4
3 BRI TS PR 7 A T 2R B ) s A4 10 R A 5

X A A I8k 0 R G O T B ST T R A, 7R N
it K [MURH A2 B 5, (A5 PN I T8 5S R Hh E
I A0 A 1) B4, A A W iR R AR R
TSR3, #E 100 B T 04 23 2 4 B 2 T S S
3, T2 T & A S AW iy 0y 2 0 %
e A B 8 AR s T A 00 i <l 45 B S TR R
HE BRI e v A Bl B 4, BV R R & A
BB o8 . LR b, KGR S5 A N T Je vk
PRAEZE | A ik SCTE P R T8 4 — B, JR R AL
FEAERR/N BTN A 22 22 57, HL g0 A5 10 <22 2% 1Y
N rr Qi 22 . XL SR A ) R 1) A i ) R i 34 2%
SHE MG s AR =R . iRy IX L
B/ I 22 T4, 78 2 g o 7 b 32 0 3 i R
E BTSSR X S O, TR BUAS | A P gk
OB I sh R BB W B XS BRPE . SR, A
55 3 AW i R 90T A, >4 R E R I SRR e 4
FH O 1T A2 3 2l R, 22 A P SGE Y

A 725 500N, W B AR A R 8
R, R BLET A A7 IR STE A P iR T S 2R
PR TR — 3t . HERGE A S A A R
WEAEHEIR, 29°8 15py, J KT S (19.95p,) 1 75%
Bl 6 gt — 45 T 5 4 ASFES S AW IR J5 4
B’JLm_ij*FjJHTﬁjzﬂWcHH%%ﬁﬁzjtlZI DL
BRI ASE I ke, B T, J TS 5 0 =ow
%4Aﬂ%5¢%%ﬂ%tﬂgﬁ%%r—
Wi P J& 193 PR T BB () R e B ) R T R B B
HYFFEEINFIR], 8¢, s —AJEIH N s 7 0 IR 22 &
B0 Bl ARSI R], 8ty 2R — AN E I E T B e
AR FFEEI ], REY R B D R B ESE
71 (piy M py) AL T LIE H, 7E—AJE AN,
SIERES) T BB BB E 53504 0.023 4 5
F10.0290 s, i B> Ji 1 1Y 44.66% Fil 55.34%, X
2B, 7 Mg 4 ok R v 1 S0 )1 S8 HE R R
TR R, RIE 6 BT LA, fE—
AR, #EREE VR R R B R s R

Stl: 51‘2: — Pu

0.0094s 0.0257s .. P

20r «—» ¢—» vl

o I i Ty

15 |« pre »
- 1 1 :
S 0L, :
1 Al
i \ h

3= 3t,= — P
0.0100s 0.0170s ... D

20r > “—h -
1 :T4 1 7‘5 U

PIpo
S o
A

' ' '
' [ '
A1 3fls Bl I
k! =L ‘I
Wi | H
i
T [ |
' [ ]

51‘1: 612: — Ds

0.009150.0077s .. I

20 P “» b

Y VR \ T ,

o 15 : 1 1 1 1 t::‘ i ji

SRR S : N

1 1 1 1 1 1

1 1

1 1 1 1 1l ]

o= — Pu

0.0089s ¢=0.0290s b

0 o T ,
t,=0. s

15 [d———r» < 5 —»

Plpo
>

y §

S W
A
N

4791 47.93 47.95 47.97 47.99 48.01
t/s

K6 #EAEMIRES 4 AFISE 5 ARSI Ko i As 1t
RO (T 1, L=41 mm)
Fig. 6 Enlarged view of dynamic pressure time history of the
inlet during the fourth and the fifth buzzing cycle
(state 1, L=41 mm)

20220979-5



IR DA

i £ e U B Y R 5 I E] AR T, 244 0.009~
0.010 s, 33k 3 W] My I it 8 r 2 I L 00 B v s i
K e T NRT B JLT- B 20 B A P il v 6437 30
OYES o SR, AN TR A B 25 T A8 E 1 b
Sy A R B T W 0 25 S (L3 2) + DAV IE FY
Ui R, pEAGE 3h SR AR e By TR I (HZ
W O, B 2 i (] e e, =Tk B 1
Wi, HERE BB ST py M py TCU R AR
TEB . HOX PSR BRI R PR AR
HECE BT A IR G LR, B A R
P AE N RE BT 12 3l s 10 S A5 R
DR DS AR SE Y # o = i R L R RO
P 22 e — B 25 I3 0 5 U I, 20 A B9 A
TRFFAE, FUR 25 R IIE 3 2 W IR e T i
', B N E RS 4 R B T £, 45 R
O S 1w ) L i A% B RO A i i A, R i
ST A R, R EIT IR LT, TR
RSB AE A DL AR T LU, 2 R
S B B 28 i N S R AT R, TR I T o
F B I ] L B

®2 HKEARRNANENREERFLERE
(TR 1, EUHSE)
Table 2 Stable value and continuance of the inlet pressure

for different measuring points (state 1, left-sided inlet)

pULUpSY x/H p/po Oty/s
P 2.28 3.2 0.0257
Po 3.35 5.3 0.0170
P 4.88 5.4 0.007 7
Du 8.09 0

M — 20 % 1 ST Wi e Ao R 1) B0 25 R ) A T A
A AT, 5N 7 FrR, B R AR bR £ RN,
gl Ak B PSD(power spectrum density ) 3 7~ J R ii%
R B IR, A A T A R T ik 3l
fie i A T LA [ A 33046 X ], I L ax 24 %
KREREEOCR, IR 21.6 Hz, AN, £ 4
il 5 S B A0 AR 1 R 2R A — B, X ST S
Brad B 55 3 1 i i S8 HH 46 19 A0 2E <3 A Wi I O
SRPE— BRI I S5 A 6

HRAE Sterbentz e 4R A 32 155 75 121, X XL
HEAGE B0 R SR AT B o M. A&l 8 TR,
HEACTE AL TE SRy B I B+ 1] £ B 2 s 4B AR
Ly 72 A A i <l i N IR B K (B A
A E B R 0, 479.95 mm) , 4, B

95 39 %
~ 120
g 100 — Pu
= gF 4 Pr
= 60 Dy
S 40+ KT = Pu
8 20
>
80 100
fIHz
(a) ZEMIHSGE
~ 120
g 100 — Pn
E ol Pr
= 60 429 Hz TP
= 40 sy T ~ Pra
2 20 i 64.2 Hz
E N P e,
0 20 40 60 80 100
fIHz
(b) A= iE

&7 BERGE MR RE A B R ) DA R
(TH 1, L=41 mm)
Fig. 7 Power spectrum characteristics of dynamic pressure in

the buzzing duration of the inlet (state 1, L=41 mm)

| L, AV,

L, 4,V

K8 HEIE N RIER

Fig. 8 Sketch of the inlet interior duct

M 2E 8 A DR AR (1 085.57 mm?), ¥, R HR
W E AR TR (630 101.43 mm?) ; L, Ky B FE B as
i ) BE (2 B 1T 78 o0 2T AR TR
PN YT T M T A I 9 4K B, 805.64 mm) , A4, A R A
Brry A A, v, b B B s IR A (6 481 408.16
mm®) . B FHFAIEZE A7 P RR, HAE 0
FAT, U E A (] B i 41 E5F 79 378 3 405 4 A X6
Bk, PRI, R A< 87 16 R G 9 T i R I
25 e AR TR iy BE XU 2F Al R A KB Sk Ly B
o AR 24, REUR 21, 9SS, TR BER R AR
B AR A . YR Sterbentz FL R MR 1T 8A
75 ST, X 3 < 3E Wi 4R A3 SR AR DL 2 (1) ~
K (4), ey HE 8 P TE 1735 7 1 (331.04
m/s), L 4 faj A AR TR 11 2 s A, A S ] Ak AR 7R 253
F R AT, 1 S AT AR AR 78 28 e ) AR R

A (0

c
F=5iN1v

L, 4,7,

L, 24,2V,

PO HESIE A IE 2 AL R AR 22 1R
Fig. 9 Simplified cavity model sketch of the inlet interior duct

20220979-6



%11

TRE A B ORI ST T iR R

L=L+L, ()
V=2vVi+V, (4

FRAE (1) ~ 2K (4) 7545 20U 2F T Y i
PRI FH 24.61 Hz, B 50 {8 19 FE 00 21.6 Hz =
13.9%, 5 Sterbentz Z5 ifF 58 A LIRS R BB H 5
RIS E A 2ZTE 15% AN BS54 .

32 BMmR-BES

K10 45 10 1 00 2 P9 AL I8 3 28 B Se 3 K S
/NI R R Y B A TR AR A il £k, Yy
WAENL L, 2R TR : 27 mm—34 mm—41 mm—45
mm—>55 mm—27 mm, 45 4E07 T X 59 3E S GE N
MIEEFERE ISR 3 R, B 15T T8 2 454
D7 26 Ak ASCTE R T ) T R R
3T 0 ] kR T R ARCTE B T R AR - S A
Bl CR B KR SR 35 ) — XU Fig P — 2 A0
P — WU PR B 1 3 Bh AR fb T

D) IEH TARRE: 407 L=27 mm B, S
R AR, 2o AR T Y 25 R B 40 il
F 3k Be N x/L=0.616 F1 x/L=0.586 {3 B, 47 il 1k
A A ) TSI 5 R O 7 TR AR O R,
RIS 22 A E ST B 2 R T — @ i Xt
FRYE. XF 10 th e A <E D sk B it 1

L= L= L= L= L= L=
27mm 34 mm 41 mm 45 mm 55mm 27 mm

Pu/Do
=

Pu/Do
=)

/Do
=

Pu/Do

0 1 1 L 1 n 1 1 1 1 )

15 20 25 30 35 40 45 50 55 60 65
t/s

(a) e i< E

L= L= L= L= L= L=
27mm 34 mm 41 mm 45 mm 55mm 27 mm

2 i i i
15¢ | | |
[ i
|
SHW

Pu/Po
=

PolPo
=

.

PulPo
S

PulDo
=)

15+

0 1 1 1L 1 i 1 1 1 1 ]

15 20 25 30 35 40 45 50 55 60 65
t/s

(b) A= IE

K10 FEACE SR AR 2k
(T80 2, B — P& 2h)
Fig. 10 Dynamic pressure time history of the inlet
(state 2, one-sided inlet duct buzzing—restarting)
K3 TEELTHSENEER(THR2)
Table 3 Throttle choking ratios of the inlet at different cone

positions (state 2)

L/mm K./%
27 31.1
34 37.7
41 44.9
45 49.2
55 60.7
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Fig. 11 Static pressure distribution of the inlet

(state 2, one-sided inlet duct buzzing—restarting)
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Fig. 13 Power spectrum characteristics of dynamic pressure in

the buzzing duration for the inlet throat measuring point

(state 2, L=41 mm)
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Table 4 Oscillatory value of the right-sided inlet pressure

for different measuring points (state 2, L =45 mm)

R x/H ParlPo PiPo Apip,
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e 8.09 11.4 6.5 4.9
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Fig. 16 Enlarged view of dynamic pressure time history of the

inlet (state 2, L.=55 mm)
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Fig. 17 Power spectrum characteristics of dynamic pressure of

the right-sided inlet (state 2, L.=55 mm)
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Table 5 Oscillatory value of the right-sided inlet pressure

for different measuring points (state 2, L=55 mm)
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