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A method for removal of reflection artifact in computational fluid
dynamic simulation of supersonic jet noise

1 = 2 1 AS 2 =3 17 2 o)
WEQS,| ZEBIAIZ FOITL' UBE? ARM,T ANZ? el

(Taeyoung Park,' Hyun-Shik Joo,? Inman Jang,' Seung-Hoon Kang,> Won-Suk Ohm,! '

Sang-Joon Shin,? and Jeongwon Park?)

'HMIHEt R 7|ASER, PMSHE R 7| ASSSEE, *FunsieTA

(Received July 4, 2020; accepted July 23, 2020)

2 95 U0 284 BE0 RNE WA T4 A0S ARl SaFE0.R A8 5te] AaEolLt
§ o1l QA B WAL Ui SRS WA BAAELSE] L 234 U 45439
|22 S1eH AR A AT 23K 28 b Sl 41o] AR mlo] Rz Ak oful, 54 A] Akl 4
Bl ] WA= ubabrt okl B2 A A 51| 18] AAEA el 71402 F4S(sponge layer) 7 e mElejo]
AgIck SR S o] wret Bl stetule 228k 4527k A Elojol skt o £ A G e Bz o]
ahtol, o= 41417 F7he] £ 8 2lo] Hirk ofo] oAl AR FTHAIZ17] Sla) 845 thal £-5 3
X o] £AY5H WAL o}l ES 5 7] mho] SRE 7| HS 7|HE0 2 Sho] A|7SH= HE S X &-0.= Aelst
T, 0|8 A 47 284 AELS 34 Autel Atk

Ul
N

2

===
SHABO: 24 28, S95H5, Detached eddy simulation, W5 E2-7| 23] 5.2 84|, T35, T Ao ufo] =
2E7H

ABSTRACT: Rocket noise generated from the exhaust plume produces the enormous acoustic loading, which
adversely affects the integrity of the electronic components and payload (satellite) at liftoff. The prediction of
rocket noise consists of two steps: the supersonic jet exhaust is simulated by a method of the Computational Fluid
Dynamics (CFD), and an acoustic transport method, such as the Helmholtz-Kirchhoff integral, is applied to predict
the noise field. One of the difficulties in the CFD step is to remove the boundary reflection artifacts from the finite
computation boundary. In general, artificial damping, known as a sponge layer, is added nearby the boundary to
attenuate these reflected waves but this layer demands a large computational area and an optimization procedure
of related parameters. In this paper, a cost-efficient way to separate the reflected waves based on the two
microphone method is firstly introduced and applied to the computation result of a laboratory-scale supersonic jet
noise without sponge layers.
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Fig. 1. (Color available online) Schematic design of
computational domain for supersonic jet noise and
Kirchhoff surface.
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Fig. 2. (Color available online) Compound acoustic
field for a numerical verification.

== Compound field
"""" Diverging wave
O Numerical result

Radial axis (7))

Fig. 3. (Color available online) Calculation result of
separation of incoming wave field.
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Table 1. Supersonic jet conditions.

Designed Mach number 1.8

Nozzle pressure ratio 5.4

Flow condition Over-expanded

Nozzle throat/exit diameter 16.67 mm/20.00 mm
80D
< >

N . 40D
Total pressure: 5.4 bar
/ r
4
Z ) v
(v,

Fig. 4. (Color available online) DES domain for super-—
sonic nozzle-flow analysis.
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Fig. 5. (Color available online) Calculation result of the separation of reflected waves from the DES result. Pressure
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Fig. 6. (Color available online)

Calculation result of

the separation of reflected waves from the DES result
: (a) OASPL along the nozzle axis at » =70 and (b)
power spectral densities at r=7D, 2=35D.
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