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Investigations on Shock/Shock Interactions in
Three-Dimensional Supersonic Inlets
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Abstract: In order to provide useful data for the designs of the 3D inlets, the shock/shock interactions for
the three— dimensional (3D) inlets in supersonic and hypersonic flows theoretically and numerically were ex-
plored. Box—type and sidewall compression inlet were selected as the researching model. A theoretical approach
called ‘spatial dimension reduction’ was used, which transformed the problem of 3D steady to a two—dimension-
al unsteady one and used the shock dynamics to solve it. A two—order NND (Non—oscillatory, Non—free—parame-
ters, Dissipative) numerical scheme was used to solve the 3D inviscid Euler equations in the numerical valida-
tion, the mesh nodes were 12 million and MPI parallel computation technology was adopted in the program. The
theoretical method could determine the wave configurations in corner flow of the inlet well and obtain the solution
to the flow field of shock/shock interaction in the vicinity of three—point or near the reflection point, and it agreed
well with the numerical results. Also, the density, temperature, pressure, and total pressure recovery coefficient
of each zone on the cross—section were investigated, the non—uniformities in the flow field for box—type and side-

wall compression inlet were also discussed, the total pressure recovery coefficient behind the Mach stem is about
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10 percent less than other zones. It indicated the ‘spatial dimension reduction’ approach was applied to the com-

pressional part of the inlets and it would be useful to the designs and performance assessment of the 3D inlets.

Key words: Hypersonic flow; Box—type inlet; Sidewall compression inlet; Wave configuration; Flow
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(a) Three-dimensional steady wave configuration in corner flow

(b) Two-dimensional unsteady wave configuration

Fig. 1 Schematic of asymmetrical wave configuration for
corner flow in inlets
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Fig. 2 Schematic of inlet

4 ZER5{Tie

T AT 3 ST M A 0L 22 S % B 4 BT
B A AT — A IRIE , X X2 West(1972) Y
T AR & 3 S HIS FEUE U R AR E S A
gk Rt B . PR L BE , SRR ECR 3 1Ok i I B
W4 A 45 R B Ol R 43 ) 158 28 8 O S g 45 21
Bl PR R i R b R I 2 TR 1 y O 1) [ AR
VIR Tt W3k I 1 o iy 7 o) 8 AR A R R I &R 1Y
P8, SERF o W BUE A RIZE R . W LA e oy
AT 43 AT 405 SR RN BRI 45 SR DA S S B 25 SR A g, BB
W AT AR B T R A 5 O 1,84 B AR B 1) 5
RFFOREE Ay 1.82, FeAW) &

Fig. 3 Analytical results vs experimental and numerical
results of sectional flowfield (Ma, =3, »=90°, A =0°, §=9.5°)
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Fig. 4 Wave configurations on different cross-sections in
hypersonic inlet for Ma,=6, 6,=0,=5°,6,=60,=2.5°, A =30°
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Fig. 5 Shock-polar analysis on wave configurations for
Ma,=6,0,=0,=5°0,=60,=2.5°, A =30°
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Table 1 Theoretical results in each zone for the inlet of Fig. 4

Zone Static Static Total pressure

No. pressure temperature Density recovery
0 1 1 1 1
1 2.0103 1.2328 1.6306 0.9662
2 1.4142 1.1055 1.2794 0.9958
3 2.861 1.3656 2.0952 0.961
4 2.0103 1.2328 1.6306 0.9662
5 3.396 1.438 2.3615 0.9522
6 3.396 1.4475 2.3464 0.931
7 3.396 1.4927 2.275 0.8356
(a) Shock-polar analysis (b) y=0.2
(c) y=0.4 (d) yo=0.6

Fig. 6 Wave configurations on different cross-sections in
hypersonic inlet for Ma,=2.5,0,=10°, 0,=60,=4.3°, A =30°

Table 2 Theoretical results in each zone for the inlet of Fig. 6

Zone Static Static Total pressure

No. pressure temperature Density recovery
0 1 1 1 1
1 1.8639 1.2031 1.5493 0.9759
2 1.2261 1.0602 1.1564 0.9991
3 2.4636 1.3037 1.8897 0.9738
4 2.4636 1.3068 1.8850 0.9954
5 2.4636 1.3212 1.8646 0.9293

5 & i

e 3 FH — Ao s 8 e 2 1) 53k e RO N A T A
WA T2 T

(1) 75 (] e 4 1 B8 23 7 5 vk BEAR 4 3t 0 2 <
IH PN B I AR AR HE AT A O 7 X SR 2 8 L
Ji R R R T K B 2R 05 At RE AR A b R A7 5K
fift , ELERAE 70 45 R 5 BB AR L W) & B F .



5384 12 P A TR AR 2657
(2% 48 5 S L2 W30 P 40 (2):64-67.

VR TR BT AR DR R b ok k. e LIB) Bl WURRE, SR SRR R

E SRR TN ]. #fe B £ AR, 2013, 34(7):

T 3508 458 5 T2 BB U e 235 ¥, i 25 5y B Il S b T

YA -

T U235 b 1) S S i I 0 e T R BE R

R TR (N R /S ay WIR b & LR Y s =]
B RS 540 D BT IS A R R B R BCE
Fb Al DX 38l 0B DU B 9 45 X R AR 10% ~ 17% o

(3) % = ThI D00 B s 44 it

AU, TR i T B AR

#&ﬁﬁiﬁ#?%%ﬁﬁ%ﬁé%ﬁ?ﬁ THEIX

B S R G ZE A R
Bt

BN SR RAR 10% 447 o
TR A 5% B IR W LA I K 3 U T AR S

(9 TAR 5 5 DL St 5 i 55 A 3 3 1 A b
Sk :

(1]

[2]

[6]

[7]

[9]

[10]

[11]

[12]

Babinsky H, John K H. Shock Wave-Boundary—Layer
Interactions| M |. UK: Cambridge University Press, 2011.
Heiser W H, Pratt D T. Hypersonic Airbreathing Pro-
pulsion [J]. AIAA Journal, 1994, 26(4): 5-12.

Ben— Dor G. Shock Wave Reflection Phenomena [M].
New York: Springer, 2007.

Edney B. Anomalous Heat Transfer and Pressure Distri-
butions on Blunt Bodies at Hypersonic Speeds in the Pres-
ence of an Impinging Shock [R]. The Aeronautical Re-
search Institute of Sweden, Report No.: FFA-115, 1968.
Teng H Y, Settles G S. Cylindrical and Conical Up-
stream Influence Regimes of 3—D Shock/turbulent Bound-
ary Layer Interactions| R ]. AIAA 82-0987.

Settles G S, Teng H Y. Cylindrical and Conical Flow
Regimes of Three— Dimensional Shock/Boundary— Layer
Interactions| J|. AIAA Journal, 1984, 22(2): 194-200.
KnightD D, Horstman C C, Settles GS. Three-=Dimension-
al Shock Wave— Turbulent Boundary Layer Interactions
Generated by a Sharp Fin at Mach 4[R]. AIAA 91-0649.
Lu F K, Settles G S, Horstman C C. Mach Number Ef-
fects on Conical Surface Features of Swept Shock—Wave/
Boundary—Layer Interactions [J]. AIAA Journal, 1990,
28(1):91-97.

Dolling D S, Bogdonoff S M. Upstream Influence in
Sharp Fin—Induced Shock Wave Turbulent Boundary—-Lay-
er Interaction[ J|. AIAA Journal, 1983, 21(1): 143-145.
Settles G S. Experimental Research on Swept Shock
Wave/Boundary Layer Interactions [R]. Pennsylvania
State University Park Dept of Mechanical Engineering ,

Report No.: PSU-ME-R-87/88-0031, 1988.
e, W F, RN, & = RS RE

BEF e 22 Bl F T LT ). M As B 1 2E 4R, 2012, 27(2):
372-378.

HOREM, R, 2B MG, . = 4 o e R
AR A E ST (J]. AR )2, 2008, 22

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

873-879. (ZHAO Yi-long, FAN Xiao—qiang, WANG
Yi, et al. Spillage Amelioration and Analysis of Side—
Compression Hypersonic Inlet[J]. Journal of Propulsion
Technology, 2013, 34(7): 873-879.)

e, RN, WIETE, SF. BB GERIE AR S
T R 0 e s B R () ). MR R, 2015, 36
(4): 547-555. (CAO Xue-bin, ZHU Shou— mei, MAN
Yan—jin, etal. Direction Connect Test on Isolator Consid-

ering Effects of Nonuniform Flow at Inlet Throat[J]. Jour-
nal of Propulsion Technology, 2015, 36(4)' 547-555.)

2= M BT b, YEWERS, . w0 S AGE BT
BB AE ST, R, NWJMU:

65-68. (LI Hua, JIA Di, FAN Xiao—qiang, et al. Cal-
culation and Comparison of Forward/Backward Swept
Sidewall Compression Scramjet Inlets [J1. Journal of
Propulsion Technology, 2007, 28(1): 65-68.)

SRETC, LA, TR M. ARSI AF iR AR BT
O G E [T HE SRR R, 1998, 19(1): 20-24.
(ZHANG Kun-yuan, XIAO Xu-dong, XU Hui. Hyper-
sonic Sidewall Compression Inlet with Constant Spillage
Angle Design at Non—Unoform Incoming Flow[J]. Jour-
nal of Propulsion Technology, 1998, 19(1):20-24.)
Charwat A F, Redekeopp L G. Supersonic Interference
Flow along the Corner of Intersecting Wedges[J]. AIAA
1967, 5(3): 480-488.

Marconi F. Supersonic, Inviscid, Conical Corner Flow-
fields[J]. AIAA Journal, 1980, 18(1): 78-84.

Yang Y, Wang C, Jiang Z L. Analytical and Numerical

Journal,

Investigations of the Reflection of Asymmetric Nonsta-
tion— Ary Shock Waves [J]. Shock Waves, 2012, 22
(54):435-449.

Xiang G X, Wang C, Teng H H, et al. Study on Mach
Stems Induced by Interaction of Planar Shock Waves on
Two Intersecting Wedges [J]. Acta Mechanica Sinica,
2016, 32(3): 362-368.

Xiang G X, Wang C, Teng H H, et al. Investigations of
Three—Dimensional Shock/Shock Interactions over Sym-
metrical Intersecting Wedges[J]. AIAA Journal, 2016,
54(5): 1472-1481.

Xiang G X, Wang C, Hu Z M, et al. Theoretical Solu-
tions to Three— Dimensional Asymmetrical Shock/shock
interaction [ J].
2016, 59(8): 1208-1216.

Xie P, Han Z Y, Takayama K. A Study of the Interac-

Shock Wawves,

Science China Technological Sciences,

tion Between Two Triple Points [J1.

2005, 14(1): 29-36.
kWG, WS A s B RER E R =
SE SIS, 1988, 6(2): 143-164.

(%m#F: L L21)



