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Acoustic Analysis of Exhaust Supersonic Jet From a Rocket Motor
Using 2-D Axis-symmetric Computational Analysis
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ABSTRACT

This study was conducted to reduce the computation time required for the computational
acoustic analysis of the supersonic rocket jet plume. In order to reduce the computation time,
computational acoustic analysis was performed assuming that the supersonic jet plume is a
two-dimensional axis-symmetric problem. The results of computational acoustic analysis showed
similar results to the acoustic load measurement results. Through this study, it was confirmed
that the acoustic load prediction of the supersonic rocket jet plume can be predicted using a
two-dimensional axis-symmetric computational analysis.
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Table 1. Motor Specifications from reference [10]
Nozzle Exit Diameter(D,) 0.614 m
Nozzle Exit Mach Number(AZ) 2.92
Nozzle Exit Reynolds Number(ZRe,) 1.75%10°
Pressure Ratio(P./P,) 0.418
Thrust at the sea level(Max) 260 kN
Thrust at the sea levellP,/P, = 0418) | 130 kN

Table 2. Assuming data of the NAL-735 Rocket
Motor from reference [10], [11] and [12]

Nozzle Throat Diameter(D,) 0.250 m
Expansion angle 15 deg

Specific ratio(y) 1.2
Chamber Pressure(R,,P,/P,= 0.418) | 1.7 MPa
Chamber Temperature( 7;) 3,564 K




M 48 H ® 9 =, 2020. 9. 229 EoA AAEA S ol g3 254 2 AE ¥ §4 727
t=j43mm t= 160 159 158mm lom (16.3De)
— L e ee—— — -
[l [ U_leE%
FWD AFT 10m (16'3D€)
Fig. 1. NAL-735 rocket motor [7] 3m (4.9D,) |3m (4.9D,)
7IEF A =F ¥4 =& % AuuAAe M7
olgste] uA stk wE B4 GHA Ase M6, (4.9D)
Table 33 Zil AH8E 452 &3 2o =& v e
Z-mpst JAA S (1)F 2o, E-nhetsE, %E— »
shels AL (), 0)F 2o M8
AV 1 [ 2 y—1 2)]“’*1)/(7*” Fig. 3. Monitoring point [10]
(Z) R e el @
NAL-735 27 RE A4 Ag-L Fig. 29 o] F
_ p— P Aok st AS A A= Fig. 33 2o
A P VA ©) 513 > 2 :
Py 2 =¥Fsts AF A= AW ZAARE AAT FhelH
Figs. 6~83 T} AW a3+ ¥ (far field)oll A Al
l:(HV*le - 3) =% SFeF AS AAoA dEhd °?‘%} 74 '
1y 2 HE ol &st] AASAH. AT WL Fukudal
£ 9 pA0A AL wF BEE, AL v e T oL ZIEsel A
9E, pE =% 79 AR DE =F 59 A 22 STHY LH
5, M2 vstE, Me =F 79 vske, pe S oas Ao CFDE 0|43l AH 22 HAHL 2
g, P e oF, Pe =S 79 ¥¥, AT gs9g. 24 i% S S o] F= Lo =
Aad A, Rev =T STONAY ol T 71H Ao U 228 wiAsy] fgolth. 43|
25, T dA4A 25, 45 HgHE o Aol Mes 48 AZEH S CFD-FASTRANS ©| &
. stk Al A2 A (@)~6)°] A= Navier-
Table 3. Calculation results of a NAL-735 Stokes WA41S A8 0H A4 (unsteady
Rocket Motor state) 3141¢ ST
EXP. A”a'yltt'c op . 9
Nozzle Exit Mach - oy (7= @
ozzle Exit Mac
Number() 2.92 2.92 ; [ ( k)(S }
— (pu,)+ ; + L+ 5
Nozzle Exit Reynolds {75108 | 1.69%10° ot (P1) oz, (prgus)= 5 P g pR|0; T, ®)
Number(Re,) ' '
: oF,
Pressure Ratio(~,/P,) 0.418 0.418 -3 (B +p)u]
j
Thrust at the sea level (6)
h 130 kN | 128 kN _ 0% o
(P/P, = 0.418) T ox, o uTi) E )
= “E‘E, = AL ue jHA B S5, pe
%¥, kit turbulent kinetic energy, 6, Kronecker
delta, 7,;= shear stress tensor, £ =F9 A °l
YA, ¢ j8A B dFE5S ordnh
255 AE £/ 49 AFS A flsko
Spalart-Almaras ¢F 2@ 7|¥HO® 3 DES(Detached

Fig. 2. Snapshot of NAL-735 rocket motor test [10]

Eddy Simulation)& AF&3IATH FX| 7O 2 cell 7]
v 73k AR, F471% (upwind scheme)?! Van-
Leer's FVS(Flux Vector Splitting)[13]5 AF&-3t%th.



2
Ik
-
Ot
Hi
oct
oK
4o
ol
Lot
ot
>

skl fr<
Osher-Chakravarthy limiter[14]& AM&3t3th A4
292 Sutherland’s law[15]S AH&3}9 o}

=& A Al ARRRE AA 2L Fig. 49 2o 2
A BE dAd fJF 2 AddE, dexE =2
o7 dAsAY 24 BRH {9 & o=
v =F 7 AEY 2000, 55 FAF WFo
Es =¥ 7T AEY 100Me Ag
field) 20<& Ao 4% =242
A7 9= Inflow/outflow ZHOZE

i T
W

PCRE
38
—Er_&

HH(wall)S G0 E dAstH o, 2219 Fof
% (axis-symmetric) 222 FFA FPsAT
Z7] 21& 5d 7Y ty] 2dog HAEA

vl
oo
o
ol

Fotz slla Adte] vl YA Fukudadl <

Fote S AT AA9 s
1/3rd octave 71 160HzS] =3F3) 4]
AAE Fig. 59 o] TAsAH.
2 A Fare Y 33 AL Az wet v
S 7Y F de Hx: AR o8 2"
ol ¥ oA FIAHE ZAE Al AT
ZFe] & Christophere] A A[4]0] FA3] A E o] 3l
o 22t FAP G V|Eow B4 B SFS @
Aetr] AsiAe slia 9 dolol oF 21719 A}
7} dasttt. =%, EddyE 2ARH] fEiAe 4 =
o R HaA 2~4719 ARV B AT Eddys EAF
sk7] S8l 47 AR Hasivga HAs RS
1/3rd octave 7] center frequency 160Hz®| upper
band limitl 178HzE siXst7] ¢k Ha AA =
715 °F 28mmeo|t}. webA S Fof FFsE 9
= A7tA e A AA Z7]E Fig. 59 #Z°] 20mm
x 20mm=E 43 H T}

27 BEH w2 &7 3o Az AR 2]
* Imm=z 738 272 B2E FR{e =
AFdHEE FdlMe FE 4 Fakr AA 2719
1/2 AA =719 10mm x 10mmz At A= A4
sttt 24 B2E SR o =9 &9 F 3 %
g Agie] Hd AA I7]= 20mm x 20mmE 2
e AT & AAs oF 80077 ot

274 B TFH A £=& ¢F 2000m/s0]
& AA 7] Imm x Immo|B=2 3|4 A7k
& 5x107s2 AAst IS FSATH
ke A FHAstAT A &ste
Bl SANDYOlA 3ttt sf4ol] AH&E CPU=
Intel Sandy-Bridge E5-2670, 2.6GHzo] 1L 887]2] core
£ AH&StHh oluf 0.3s9] A 53 Ml 48"
AZES oF 250t

Fukuda® @A710]14 AR&H Az 349(5 &%
) x 130(AFEe) x 2100TAPEEHE F 95071 2
AZA7E AHEEAT B Aot Zo] 2D-FHA a4

Imm

rr

B
4r

o
=]

DY

ey M
N
o o I b

o do

101300
101250
101200 M
| 101150
101100

101050
101000

Rocket

Inlet
Motor Nozzle

Exit

\Axis—sym metry

Fig. 4. Boundary condition(Pressure contour)

Rocket Motor- 20mm x 20 mm

>

A5
1308 Za@h AAEsh A4 Azre] H@Hom
Hlel @tk AT o 5!
o] 7lth €t

23 Sl &zt

2244 =i side B

2 I35
th. Figs. 6~82 Fukuda® A7 ZA#[10]2} =335
A A#E wwg Tgolth Fukuda®l Aol A]
CFDE ol &% &4 Ao A== OASPL
(Over All Sound Pressure Level) 7] 5 dB ©]uje]
ok B AT SN Aies FE A Fas i
21(40~160 Hz)olA OASPL 71& A& #3 oF 1.6~
43 dBE2 YEEt. Z4 AS AF A AY AIts}
314 Z3E Table 40l et Hw skt

Table 4. Comparison of OASPL
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M6 136.5 1341 24
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M8 138.9 134.6 4.3
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