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Analysis for Formation Process of Underexpanded Supersonic Jet
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Abstract

When the underexpanded supersonic jet impinges on the obstacle, the complicated wave structure has been formed and the self-induced flow

oscillation occurs at the specific condition. This paper aims to clarify the formation process of underexpanded supersonic jet and the occurrence

self-induced flow oscillation, when the underexpanded supersonic jet impinges on the cylindrical body. The numerical analysis was carried out

using the Navier-Stokes equations. From the numerical results, it is cleared that the characteristic of formation process of underexpanded

supersonic jet and the oscillated shock wave depends on the position of the obstacle and pressure ratio.
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Fig.1 Flow model and symbols used in this study

Table 1 Symbols used in this study

Symbol Definition
b o [Pa] Reservoir pressure
by, [Pa] Back pressure

¢ (=p/p1,) |Pressure ratio

b m [Pal Pressure caused by Mach disk

p < [Pa] Pressure caused by Standoff shock
D [mm] Nozzle exit diameter

d . [mm] Diameter of cylindrical body

x . [mm] Position of cylindrical body

X [mm] Position of Mach disk

x ¢ [mm] Position of Standoff shock

t' Nondimensional time
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Fig.2 Calculation domain

Fig.3 Calculation grid around nozzle and obstacle

LI T3 S B P e W ZE 3 15 2551 5- (2018451 )

Rz FEEN L UTHY, BUEfFPTIC ANSYS CFX-14 % ff
F L7z, ANSYS CFX-14 TixHEEAbICHREREE A
TEY, AHFETIEELRET V& LU CTHEYE ke TNV E
ERL, BMREIZRET HOIEERFTE L L TR
MrEiT-o72,

3. HMERMERELUBER

AFAE AT RE DG HOW T, AEAEfRT T5 5
7= Mach disk OEEALE A, k3 2 B B+ O
Mach diskOFERNLE 2 KT ERKXNTH S Addy OK
® LKL TNDZ L EMR L, £2, HFl/
ANV A TOMIKRILIET] pspy 1§/ AV TLERDNE
T hrbE—BICLOVBELILEZDENTHD
p/p,=0.528 LIFIE—HLTHEY, ZhbLORELY,
u‘l‘ﬁ?f—k%i ﬂia){nﬁl‘iﬁ)g?)é k%x%ﬂéo

J AV AONSIEBRAETH D ERNEH L, RE

(@) t'=2.9 (b)) =71

(otr=21 (d) =60
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Fig.6 Pressure distribution on jet axis (x.//D=4, ¢=8)
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Fig.7 Relation between pressure caused by shock wave and
formation position
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