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Fig. 3.1 Hammerhead launch vehicle configuration(Model 11 configuration of Coe and
Nute[7])

Fig. 3.2 Computational domain and distinct zones for mesh generation
Fig. 3.3 Computional mesh (upper: 360-deg. coarse, lower: 60-deg. coarse)
Fig. 3.4 Pressure and Mach number contour plot

Fig. 3.5 Comparison of C, distribution

Fig. 3.6 Expansion-shock wave and shock-induced boundary layer separation(Exp:
expansion, S: shock)

Fig. 3.7 Skin friction coefficient distribution
Fig. 3.8 Division of zones for semi-empirical fluctuating pressure prediction
Fig. 3.9 Comparison of predicted acoustic load by semi-empirical model with experiment

Fig. 4.1 left: Hammerhead launch vehicle configuration (Model 11 configuration of Coe
and Nute[7] right: Fluctuation pressure level at each region)

Fig. 4.2 Structural mode shapes of the PLF

Fig. 4.3 Acoustic mode shapes of the PLF

Fig. 4.4 FE and SEA models (left: structure model, right: acoustic model)

Fig. 4.5 SPL result of application of faring skin(left), SPL result of UDO faring skin

Fig. 4.6 Comparison of experiment and prediction results(left: resistance, right: reactance)
orifice T:0.159cm, orifice d:0.635cm, cavity L:2.54cm, cavity D:5.08cm

Fig. 4.7 Interaction Process for optimizing Helmholtz resonator

Fig. 4.8 Melamine foam configuration

Fig. 4.9 Faring inner surface SPL reduction at target frequency

Fig. 4.10 Faring cavity SPL with Helmholtz resonator

Fig. 4.11 Effect of ML foam at low frequency(left), high frequency(right)
Fig. 4.12 Effect of different ML foam configuration(10cm, 20cm)

Fig. 4.13 Effect of perforated top plate at low frequency 10cm ML(left) 20cm ML(right)
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Table. 3.1 Computational mesh information

Table 3.2 Characteristic flow patterns and zones for acoustic load prediction

Table. 4.1 Material property for structure mode analysis, Composite laminates

properties for structure mode analysis [12]

Table. 4.2 Melamine foam configuration



Nomenclature

English symbols

Cp Pressure coefficient

Cp, e Coefficient of the root-mean-square fluctuations of pressure about the mean
Cp Average volume flow through cavity during half cycle
dyw Distance to the nearest wall

e Specific internal energy

E Total energy per unit mass

Fi, F> Blending functions of SST

h Specific internal enthalpy

H Total enthalpy per unit mass

f Frequency, wave number

k Turbulent kinetic energy, wavenumber

K steady state viscous loss parameter

K, Acoustic viscous loss parameter

L. Cavity depth

Lrans RANS turbulent length scale

L Turbulent length scale

M Mach number

p Static pressure

P Pressure fluctuation

q; Heat flux vector

R Resistance

Re Reynolds number

s Surface

Sij Strain rate tensor

Sw Orifice wetted area

T Temperature or time-interval for time averaging
u,v,w Velocity components in Cartesian coordinate directions
w Power spectrum of pressure fluctuation

X,V z Cartesian coordinates

X Reactacne

Greek symbols

a Angle of attack

B, B Turbulence model coefficient

e} Boundary layer thickness

o Displacement thickness

Oij Kronecker delta

Y Ratio of specific heats

n Direction of cross-flow

Vi

-
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K Thermal conductivity, von Karman constant
1 Molecular viscosity

v Kinematic viscosity

Ve Kinematic eddy viscosity

0 Circumferential coordinate direction

p Density

o Ratio of convection and free-stream velocities

T Viscous stress tensor
) Specific dissipation rate, angular frequency(rad/s)
1 Direction of flow

T Shear stress at wall
Mathematical symbols

\Y Gradient
Subscripts

0 Reference value

0 Freestream value

usw Upstream of shock wave
0 Orifice value

c Cavity value

BL Boundary later value
inv inviscid value

A4 Wall value

NL Nonlinear value

L Linear value

non non-dimensional value
pk Peak value

res Resonance value
Superscripts

~ Favre-averaged quantity
- Reynolds-averaged quantity

—H Hermitian transpose of the inverse of a matrix
Abbreviations

CFD Computational Fluid Dynamics

RANS Reynolds-Averaged Navier-Stokes

RMS Root Mean Square

SEA Statistical Energy Analysis

SST Shear Stress Transport

TBL Turbulent Boundary La
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Reynolds averaging:

Favre averaging: (@) (%,

r&“

p=p+p, p=

Bt (Favre averaging)-2 T2} Zo] A olH

P = = [Lo(kdt (2.12)

0 =2 = = [ pxDe(x Dt (2.13)
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a(pul)‘l‘a—X]_(Pu]ul)——a—Xl o, _a_j(pulul)
J ,_. 0 ,__ d — a
at (PE) + a_)(] (pﬁ'] H) = B_Xl( q, pu]”h” + 'y’ —pu]”k) + u](ru Y u”)] (2.16)
9 (5F 9 (= T ThHt T 77
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2.4 SEA 2 Hybrid FE-SEA o2
2.4.1 SEA T¢] g A4
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Fig. 2.1 Power flow in two subsystem SEA model

Fig. 21014 My, My 2 QoA ZF SPRAIARIOR GRIEl= Th9), M oy, Mpout
AN TR, My ,, M2 WeHEE 9 Uehdnh LRAIAFS B2 9] S1RA|
rgloz 240 gom, olelgt shRAARE sht oo the shAlAHT A
o] Ut AA A|ARE ZF sHRALE RESo] gor WU Em, SHREA| AR
e YL A Fu gelold e e mhy A $HAT A pAdos
Q1] o],

;= w(niE — ;i E) (2.38)
Ninij = Njnji
SHEAIAE] (oA AATEE oh9l= okt
Il out = wn; E; (2.39)
k7ho] stRAIAF O = LAJE AAF Aol SHRAIAH (9] mte] HY WAL o
v Zr
K k (2.40)
Mijn = Migue + Z I — Z I
i#j ik
B d o o] o] AE RE 4 Eje= Ni/He s REo o

Z,
Ir
_O|L
( _l]I
>
[>
i)
1o
ac)
uta)
N

vze] F, nie= W SAAE, ye 29 SAAS, oe T Fubeolth 4(2.39),



(2.41)& 242 A & Fstd o=k £
K (2.41)
i, =wniEi+ow Z (i Ei — ;i Ey)

i#j
(24949 @ TK; (g Ey — nj ) T e AF &4 N;ob AE A4 (23905 of
g3fo] e} ol mAH,

E:
1m =onE+ow z <Th] N; — Nji _]>

i#j

(2.42)

Ei /Nj© SHALES] gt BE ouzojtt, oA A2 ot BAAs dE= 8

{I} = w[C]{E} (2.43)

_ K ;
(Th + § Thi) Ny —=neNp o =Ny )
,H - El T
1

i1

Hz k Nl
. E
. —121N, (‘12 +Zn21) Ny - =N, =
] o= _ N,
i#2

. : : : i B,
1, N, |

—TMk1 Nk (T]k + Z T]ki) Ne| &
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D gire =& (direct field) 2] &2 ZFAFHO|H, fo= IFHO|LL, (2.47)2]Z (2.46)°
ot oh23t Zrt
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71 Qo= Jing, Sun £°] E7IER Y7 =2 Sl =EH%S "ol vddAd &
& &40 tis] A7t o Ao A train of vortices shed9] & Y-S &35}
moko ke Fig. 2.29F 2tk

Control Volume
Upper Surface "o" us

Face-Plate Boundary
H : . L Layer Inflow

i
S

Control Volume /

Lower Surface "¢" i iny

Fig. 2.2 Configuration of Helmholtz resonator model from [22]

,c= AAAA (control volume) @] ¢, oFiWH-S LRSI Y, §F <=2F7]7H half cycle) &

1
2 ATE Tl EOIE TEE upso, OFHHE Sl cavityol E0lee F _’51%4
=

o O

A4 QA (inviscid component) & UjpySiny, B AIM 84 (boundary layer component)

UpLSBL ]E]' ?l'q

A WE WA

X

|
|
=

=

cavityto| E0j9= A% 552 th33 &2 4

o
rulo
o

) =S
vu=

o

UpSo = UinySiny T UBLSBL (2.49)
o] B4l Fgr] A2 HH A (unsteady), HIEEA] (incompressible) A2]-7-3F

(volume flow)ell T3 Alo|H, o]= St oHF scaleol| Al Lolubr] o 2ol w4

pOSOH% + pO(uiZnuSinv + uIZRLSBL) — pou§So = (Py — Pc)So — T4 Se( (2.50)
A ol AHA 2 HAAES HU Rl RdE S7Fgolal o|nff Hie 9]
o] WA mtefr|golal o] k2 Agdor mdly] sfopsttt, o A 2 HAL
H(control surface) o] &S &3 24 HHE f-52 ou|stH, Al F2 A7
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1. Discharge Coefficient

et
4
i)
K
=
it
Jo
offt
o
lo
=)
(o]

el
S|
o
rE
lo
PO
)
o
Mo
o
>,
é
)
=2,
L)
op

HIZ4A A& -8-F(inviscid volume flow) Ujpy,Siny 2t BAIA Al A3 (boundary—layer

volume flow) ug;sg,= TY A4-FF(single volume flow) 2 ot ugpsqp = HEFH

W chet 2o

UgSo = UcpScp = Uep CpSo. Cp = Scp/So

O£|7]/\-] uCD% SCD% %‘EH %"%(CaVIty)i —%017]—% Z’l:_Zl- = —% ° D]é}j—, CD%

715 71 cavity 2 Sol7ke Bt AAFHE 2vide. old =

2 B BE A ggsha et 2o,

duo

1-¢,
pOSOHW + Po (T) u§So = (P — Pc)So — TewSew

1. Nonlinearity

2, 3R 7reFel 42 Ingard ¢ Ising®] W} H]AS EA(alternating nonlinear
O

jetting)o] ¥ £2H7|7hEet AL, T ZAHANA =

%3t &5 AE(harmonic

velocity component)7} 7]&e] Bls EX Ath= A& 91l A9 d9E ARSRtH o)+
=2 or w2 X3} ofHA(harmonic energy)E FAISEL HIAY AES] %3} 2F

(harmonic oscillation of nonlinear jetting) & 7}FsotA st wata] 4 w42 9] 4]

A & ufS o2 Zol 1rerst Hoh
U =< Uy >pms Up(t) =< U >pms [Ugexp(iot + 0,)] = ufexp

(2.54)Af thstH

, 1-Cp\
1poSo(wH)ugy + po ( s )uoso =Py — Pc)So — TwSw

)
o,
o
e
Ko

11

(2.53)

oltf 6,= uy2t PoAtole] 91732 phase)©] 1L resonance 6, = 0 F-ol|A (2.55)4]=

(2.54)



2. Cavity Pressure

= e 1%

i

ot WyAe Bozw mYo] ety ST} 2ol

kil
rel
ri,
ko

Mo

Pe = —ipgcoocot(KL)ug (2.55)

3. Viscous Scrubbing Losses

A

o}

e ook

& do

o -$H (acoustic shear stress)t Wit/ /Voﬂ HlEscty 7}1AstH He Ak %—.

=i go] ZAHH

Ty = ss”(uo/do) + Kacup ’w/v (2.56)
JKas AT WA AAS G5o] T Aol 5~8AE 44le] U Thet

1-—
Po ( C CD) u(Z)SO + {kvissw + ipOSOwH[l - (COO'/(UH)COt(KLC)]}uO = P,S, (257)
D

I a2
Kuis = () (s + Kaey /) (2.58)
4, Resistance/Reactance Decoupling

Ingard, Ising®] 4235 #115HH resonance T4 9|4 resistancet= reactance®] &3}
£ 22 ¢kl SPLO| @37} reactanceol|Al 7] Wizl element reactance g AS A

golo SPLATIE vehfza) Het.

Resonance Aol 4(2.50)- thgal o] zhekst €

pOSO[ C ]uo + kyisSopuo — PpSo = 0 (2.59)
D
619 WA de g 2w

Uy = Py(1-Cp) + (1 —Cp) kyisSw 2 _ (1 = Cp) kyisSw (2.60)
PoCp Cp  2peSo Cp  2poSo
U= Y™ resonator tuned resistance”’} th21F o] Ao xH

Ryes/PoCo = Po/PoCo0ly (2.61)
21(2.62)2 A1(2.63)° Hyst=A

Rres _ (1 - CD) + PO kvissco 2 4 kvissw (2 62)
PoCo Cp Poc§o? 2p0So 2p0Co0S0

12



12} 2ol resonator tuned resistance-2 F-& 4= Itk W2 S GH A v]AY A
E £A(nonlinear jetting losses)7} A E L2 resistive loss= T3t Zo] A=
= (5) G 0) () s+ e
L _ —)[K..+K o/ (2.63)
PoCo do Ss ac V]
2](2.64)3F 2(2.65)4& AotH FFHCE resonator—tuned resistancex=Tt=2t 2T},
R 1-C P, R R
res — ( D)( ;) 2) +( L )2 + L (2.64‘)
PoCo Cp PoCp0 20050 2poCo
Reactance
Lumped element expression®]] oJof 5= FH7|= o5 £o] FHr}.
X/poco =wd,/ocy — cot(kL,) (2.65)
0.85d,
de=1+——7T— (2.66)
¢ 1+ 1.25Vo

olwff 67H Ao d, & st B4 Zo] otetu]E (inertial length parameter, H)S Y
sk o Ao

X/poco =wH/ocy — cot(kL,) (2.67)
7] He SPL, Futp, A7 FA9 ool FeAor HdHH

58719 dEdas d 7] AR g2 WHRS K, Koo, Cp, HE AHESHL &
A 2 SEEEeA el Aol ¢ wiziRige] FeAe A7l s A=A,

Koo = 134 10.24(t / dy) 144 (2.68)
Kge =3+232(t/dy)?

Nonlinear Tuned Frequency Fy;

Kol
H]A Y _71:13 ?—B}T(Nonhnear Tuned Frequency,FNL),_ 3871 # ﬂJr—J -r7iﬂ SPLCOH

gt &2 BJHT Fy, 2 571 2% &5 P(acoustic velocity term) 57| @4+
o #3t w,d,, SPLoﬂ AR [Pyr/pol™/?oll TAUL, 3 U (peak acoustic

pressure)s= SPLO| A& Ht(rms)gt thilol AMGH .

Fy,/Fp = 1+ ap[1 — exp(—bpVi,)]
Vaon = \[Ppk/po (dee)z

13

(2.69)



ar = 0.785 - 0.76{1 — exp[—3.63(t / dy)]}
bF = 363(T/ d0)0'6
Inertial Length Parameter H

A(2.69°0 X = 0= WHUSA Hyess oM ot 2o Tz,

H _ gCo wnL(res)Leay
res

] wy(res) = 2mFy (res)

(2.70)

HQ.TDL Hyes / de 78
7ol m}a} Fadi, 3
=

Futs, 397

e okt ARSE. Hys / de -2 SPLOIA SPLOT 5
W7] o] @Arel el Wkt BFATE Hyes / deS SPL,
o

°

- 1+aHV$¢1’ _ T\~ 1227 _ T\ 1411 —
Hres/de ~ m, ay = 0.725 (d_o) ) bH = 1.02 (d_o) , My = (271)

3.4‘29_0'117(T/d0)
w3 H/d e o3 Zo] fEar,

H/de =1~ (1= Hyes/de)expl-my(f / fu — 1 = f5)*] 2.72)
0.0325
My = A+ Ky, ap = 0.011+2.086 (£), fiy = oss + 34, Ky =

non

4365
_ * (1.34/Vnon) (t/do) _ 2.73
1306{1 exp[ 64.9 ( ) ]} fi = B e ) +0264{1- (2.73)
exp [—4.49 (d—)]} —0.436
0
Acoustic Discharge Coefficient Parameter Cp
SPL, Fukr, BT B4 SOl BAT (AL 179 A3 A HolHe Ry frH
o 24 702 B (.t the} o] frdn

c __ 1+acpresViton __ 1+110.5exp[0.647(t/do)]
DTes = i pep oV DTS T 10 00exp[0.647(7/do)]’
1 + 168.5exp[0.647(t / dy)] (2.74)

bcDres = 1+ 0109exp[0647(T/ do)]

_ Cprest+acp fizon (275)
CD - 1+bCDf1%on+aCDf‘r%on’
f
ol fuon = ﬂ 1,  acp =aycp +azepexp(—ascpVnon) > Qicp = 18. 81_0 -
T [, _ T _ 33.5(t/dg)-78(t/dg)?+131(t/d)3+917(t/dg)*

57.11J:0[1 exp(—0.18 - )| . aaen = exp{ s 1
_ T T b1ica+bzcaVnon —3.44-0.182(t/dp)
a3CD_43-2__ 1471\/7[ - EXp( 0.19 )] de = % blCd = m,

18.23+1.33(7/d,) _ 38 ol =1

baca = 140.151(t/do) ° 3C€% T 14131077 (z/d,)? 12
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‘?’]9’]' é—% 75]_%} /'\JIKSS’ Kac’ CD’

H, Fy@ oHe Ao digistel SPL, B4 S0l 2
A reactance FF A4S d& F+ 9

(2.76)

Cp 2p0Co 2p0Co
npzjeto 2 FH7]9] reactance= 21(2.69) ARgste] & 4= Qth

1-C R, \* R
R/Poco = JQ(PD/pocérf&H( L) 4k

2.6 Particle Swarm Optimization(PSO)

PSO A3} g5 19959 Al A2|eka} James Kennedy @t A7] 382 Russell
Eberharte] <Jsf 7id= ?l? 719ke] A dgE olrh. o] digEo] 7]Eo] &
+ ofelH ol vt Aot o] S HIE2 A 2 iE ol FolH, o] &4
A2 AA]F9(cognitivism) 2+ AF2] Q14 (social cognition)ef| oJsff X AHT i1 FHI
A= ey e Lxo 7 JPAEL

xboq =xb+ v,i(ﬂAt .77)
A xE FEFO 94, v FHTO HE, it FuF] WMol ki HEIS
(iteration number) & 2Jm|ett), ojunf £k E’r%"’ o] Alof o) ZYAIH T
i i (pllc - xlic (plf - xllc) (2.78)
1 —_ l .
Vg1 = WV, +C11 I +cmy i

o

_—

o r1, 2= [0,1] Ato]o] ¢lo]e] ol p = WA THF] kA 7] $1%] F

;(ﬂ%] é.oh:—] _(H;‘qo]cq pgh k]:H;;lH HhE= nt Syl = 7]-11- Zo _'4;‘(] cle o]x]
ol 7 <=(cognitive parameter), c2+= AF8] 7 =(social paramter), o &+ ¥4 (interia)
o}
FRES AURE T et 2o
update Inertia Cognitive Learning
WY, _ @ -
k > H
& Inertia & ”:::j~;
Change direction Social Learning Change direction
Y - " i
i « ™ i » & B
:Fk i W N 2
. . ~— @ % / Ao
. No¥ .

Fig. 2.3 Process of updating particles. from [25]
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(2.79)

1 Zizte] FrPel 97 xf S% viE ATE W) el Aoz Ayt
2. BARE fxpo @& wrrd
3. TR A £ 97 piot FHIE F MY £ 94 pfE BB
4. 7t FEZO 9112 Aol X9} AAY S5 WES AHgste] 4
5. 2-4 TS Yt gL MRS A% vhEgi
&5 744 AL 92 A Aol et
Xbo1 = xk + (WULAt + o1y —(p'l(;x’l() + 1y —(p,‘?A—tx,lc)

[¢]

| =21 o]& 9A|(cognitive), At3](social) Foz Eafshd

i g

i . . Ci" P — C1p .

Xf 41 = Xp + @UAt + (c1y + co13) ( o) — X,
ciriter,

ol H1 9 Aa A, £=0 W oz ARuishd oha Zrh

i i i i g
X1 = X (1 — 11 — 1) + WU AL + ¢ 1Py + C2T2Dy

i g i 9
i i (C1T1Pk - Czrzpk) i k Py
Vi1 = —Xf v + wvf + oy ym + CaT2 4/

o7 ALY EdelH e go] dEr nd= S 9t

i 1—(cry + 1) wWAt| [ iy Ty
v pk

L
Vk+1

- k
(c111 + ca12) i
At k At
P29 9 inpute] T
—(ciry + 1) wAt i Ciry G
—( ke +[017”1 Cz’”z” ]
vl
k

At

w-—1

AZ - (a)—ClT‘l - C2T2 + 1)1 + w= 0

wreba o] AIARIO] QPSS |Aimy, a| < 191 ZAfoll BAEHI o]
0<(cr+cy)<4

ci1+c
(12—2)—1<a)<1

ol AHH . o AAlt PSO dare]Fe] digt AR= FalEA[25]o] AHAIS]
A

16
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3.1.1 314 diA; grALA]
Hlojg o] 2e-y WA )

B2 AFgAE Fig. 3.19] 342 Ad dHs|= Hol=

A5, sig A= Coe®t Nuteo]] o8 ¥He7t q = —4°~8", U]'ol'“l‘ 0.60~1.179]

g4 v XA ] FFAE A B Ho mo]2E Hojfge 1y U5A
dhol| 34° ZHALe

ol 20°, 6.5°9] 12t 22 AFA| o]F H-H O FAFo] ofofjxH F
y
st cyllnder part Z L—x

HE Hd 4= d=mt
spherical / /—

Payload fairingJ‘ 2nd stage | Adapter J_ 1st stage

-{01' r

Fig. 3.1 Hammerhead launch vehicle configuration(Model 11 configuration of Coe
and Nute[7])
3.1.2 AL A=

T wake 99 AT A FH 3
the Fig. o 2ol 47je] oz el A2 P4 stk

QOuter zone

Middle zone

Inner zone

P —

Fig. 3.2 Computational domain and distinct zones for mesh generation
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O 2= 2002 A5} near—wall zoned| A= ZAASE Eollo Aget &HA AAE
AgEAT y* < 10] HEs Agsidon], 1 9o delelA ARA), nelE A42
Argetgth B Ao AAMATE] RANS S48 o] 8sto] Ui AAZE o #w ¢
TS Foted Qs JAAES TEot ARSIt YRR 33k @Age|nz
37 A G diste] ALES HdPelof oht A4 H]-go] EAZ WALAC] 60°F ol
&l coarse, medium_T, medium_L, fineQ] A2 o= XHUEE Zr= AE AFRSHYTH
ALt AZ}= Table 3.10] Yepa, Axte] Y= th3 Fig. 3.37 2t}
no. of divisions in no. of
1 e no. of ;
near—wall zone cells in no. o
4z total
near—wall total cells
nx nr nb nodes
zone
360-deg full 240
960 80 (40 18,432,000 22,675,053 45,363,904
(coarse) .
=15°)
40
coarse 960 80 (40 3,072,000 5,163,263 6,960,880
=15°)
120
60— medium_T 960 80 (46 9,216,000 14,499,103 20,220,107
=0.5°
g 05°)
40
mesh midium_L
_ 1,650 125 (46 8,250,000 12,223,251 15,530,920
=15°)
120
fine 1,440 125 (46 21,600,000 31,842,812 41,377,800
=0.5°)

Table. 3.1 Computational mesh information
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Fig. 3.3 Computional mesh (upper: 360—deg. coarse, lower: 60—deg. coarse)

3.1.3 84 x4

= A7l Coe 9F Nuteo] AF 5 wiets 0.81, W37} 0°9] A2 o4& A
St #lolE=S 4% 109/ foot, AHf-F X7 po, = 62448Pa, p, = —0.823 2%, To,
262.8K= “27530th. -&sliAolli= Ansys Fluent 19.29] ¢F& 74t siti& AR,
d8 S5 AAE coupled schemes ARESHIITE WF Hdl= A/AATH RANS 540
+ k- SST R4 ARgsto] siAstaint. el WAl 23 A& ARESHILS
, Bk, 5%, oduA, &R AL 22t upwind AFS ARESEe] SfA st e,
Zroll tisiAl= pseudo—transientE ARESEo] A ST Aol tisiAl= B

gl Mz 24, 44F YA AolE pressure—far—filed, F&F YA A =
pressure—outlet 271 28313t} 60°F Y ALIARLS] HAAHAA = 3 F7] 22

Agstd o, AN HR 212 EF Ax 0.2%, FF AAH] 29 S At

> dorr

rr
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A wEAA ] A=Al Fig. 3.500 Ueti=d siA Axtet ddgto] & dAde &
AT = A Hol=E Hojo] A 7y dFeh 1A AFAe] HHHE, 1223
AFAlel A 5 BARsel S AN dHEATel w2l waHe] UE=
bl ol Fig. 3.4k FLsHA WA= A, Fig. 3.9] nleld==258 121/22F 274
Hrset 22 dRAet Adus AR EAYAA & B ot 255 F5°l
FAEI O A5 Ao Tk S A4 =T o] d9e AAIS| EESH] H
s sig Y= Fig. 3.6 UetHd=dl SA=/EAS el o8l fs4ate]7t LSt
Fee S WHE Fof FAsHH.

Fig. 3.4 Pressure and Mach number contour plot

-1.6
o Experiment (Coe & Nute)

1.2 ——RANS, 360-deg, Coarse Mesh
+« -0.8
o
Y]
=
£ 04
Q
(]
e
s 0.0
A
z
(a

0.4

0.8

0.0 0.5 1.0 15 2.0
X (m)

Fig. 3.5 Comparison of C,, distribution
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Fig. 3.6 Expansion—shock wave and shock—induced boundary layer separation

My nhAS ¢ Fig 3.79) trehol
Ack. 12427 AFA AR

S5

(Exp: expansion, S: shock)
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0.010
0.008
0.006
0.004
0.002

Skin Friction Coefficient

0.000
-0.002

— RANS Computation

_0.004 /_'\—‘/’(‘7

0.0

0.5

1.0

X

(m)

1.5 2.0

Fig. 3.7 Skin friction coefficient distribution
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322 & A¥H SFots A&
Cockburn[17]& &

AT Y slimsl= |42 - Fig. 3.80 ZAIE vt 2ol

Aed; ua Al cone R9IH BAH5S FA5TH AATRIoNA £5 FHOoR Q)
) zodo] Edshl B3 Axge] S4lo] Ate FAR G4 AT QA 3
W AAE YR $5e FAe] Zuo ne 45 shesh Mg & ortn A9ty
o} ol R AAE YR %50 Ao FAT Aol WAL Holw of7j)A
seE §5 95 AR A, §5 ve] A"l oft FANES d4Y 5 Aot
Astrt. £4 Yang 5181 ZUelA 50| H&HwA BF We A4 5
T olF AGRO SR w2 A&she B 3ARE G4s Hed, o 4
Aol helaisol uhe 27 vrerdtin Awstar,

Fig. 3.9 Division of zones for semi—empirical fluctuating pressure prediction

Flow Pattern Zone 1D
Attached boundary layer 1,4,7, 10, 12, 14
Compression corner 9,11
Expansion corner 2,5,8,13
Shock-wave vibration 3,6

Table 3.2 Characteristic flow patterns and zones for acoustic load prediction

RANS %5 84 27hs olejst 494 9% dedn 2 92§ BelFgrh. ¥
A 0 §5e UR AAS YRe dedE S et Bi AAS, dE-8%
T, 345 A% geloz THY 4 gy swslsd WA B 284 §%

W E 7} RANS sS4 2ol wz}
%

A8

2 Bl
Fig 3.9¢} Zo] F 147H9J oo :.L—E—E]-Jl Table

-L || ‘f‘]r 1



8ot FE It WAI Yl (2.2), AT F FodE (2.3)4& A-gato]
245 (FPL, Fluctuating pressure Level)& oS0t 11 A= i3 Fig. 3.10%%
21 FPLE t}87} o] Hejmict,
FPL = 10log ( P ) dB, pres= 20X 1076Pa G.D
ref
200
--e-- Experiment (Coe & Nute)
—— Semi-empirical model
180
- | q
o i
T 160 :i,
_ e25] Ib
: : TW A
i g,@ég A
& o o
140 ’_)%( [ ° e
o
®
120 M
0 0.5 1 15 2
X(m)
Fig. 3.10 Comparison of predicted acoustic load by semi—empirical model with
experiment
= ddAor WA RO dEdES dSd & A3 ArHor HElgs 99
SFsEol SIS F2Ast Qo] 2 ¢S Mk oleT FRHE Coest Nuted]
A% A} AAseeh Eet snlsls HolRol KE HUoN AAEE AuE o
A2t Gl F ddse]l FAsh=d olzltt AI7HA A At vt 7
e mele o % st
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A
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4.1 3|4 =4

2 AFolME QR SFtE sl AbgRt 2 AA 2.87Tm Aol 5.2mE Z
uﬂcﬂao] fandz HAAstct #Holg YiE SEL KSR-111 78 gRE 71eFks)
stol maesioict. WA HlojRe AT FErt $4F BEgA MEA ARE A
e, 2 Aol e EFA ASol wE si4e Adskal, FE-SEA stolEz|E 7§
o -89 A4S Dasld,

b orr

—

4.2 FE-SEA Hybrid o4 =4
4.2.1 &% 7t S9cHS

= Oq:rLoﬂ/ﬂ ARRE QR TH SRS oA Tled & B WHo= AL
o552 VA ONE SEA WollA TBL(Turbulent Boundary Layer) 7} (excitation)
o= 17}6}°ﬂt} Holg o] F4, & Fol weEt HojdE 57 9o R

b elo) R Tt AMERS BEe 9T 7 AsE e 199 2

N ok nlo

180

160 |

140 r

120

100 r

FPL (dB)

80 )

60 =T
40 | —zwnel ----- wone?2 — —zone3
-=-zone4 ---zones
20 1 [N 1 (NN
10 100 1,000 10,000

Frequency (Hz)

Fig. 4.1 left: Hammerhead launch vehicle configuration (Model 11 configuration of Coe

and Nute[7] right: Fluctuation pressure level at each region)
422 Fz 9 I ndd

Hojgd Wi FFstsel Fug dige e §oin=w Zb Fupg tidof wet siA
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Table. 4.1 Material property for structure mode analysis, Composite laminates

properties for structure mode analysis [12]
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4 10cm ML 'foam with No No
voids

10cm ML foam
#5 Glass— N
With mass barrier assTepoxy ©

10cm ML foam

#6 With top perforated No Solid
plate
#7 20cm ML foam No No
2 ML f ith
49 Ocm . oam wit No No
voids

20cm ML foam
#9 Glass— N
With mass barrier assTepoxy ©

20cm ML foam
#10 With top perforated No Solid
plate

Table. 4.2 Melamine foam configuration

Faring skin  Melamine foam  Melamine foam Melamine foam Melamine foam
w/ voids w/ mass barrier W/ perforated plate

Fig. 4.8 Melamine foam configuration
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Fig. 4.9 Faring inner surface SPL reduction at target frequency
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Abstract

The projectile is exposed to high acoustic loads resulting from the flow around the projectile
during high-speed flight, and its effects are particularly noticeable in the transonic region. These
acoustic loads are an important source of vibration that causes malfunctions with mounted
satellites and electronic mounts, so a design that predicts and reduces them is needed. Thus, in
this study, the process of predicting and reducing the acoustic load inside the fairing was
developed by predicting the internal acoustic load of the fairings caused by the external
aerodynamic flow of the hammerhead launch vehicle, considering sound reduction due to faring
skin, using Helmholtz resonator for low frequency band, and acoustic blanket for high frequency
band.

In this study, acoustic load acting on faring skin was calculated at the Mach number 0.81. We
use hybrid method that extract input variables used in empirical formula from flow results of
RANS analysis and select Roberson’s power spectrum model after comparing the values of
empirical equation and experiment.

The structural mode analysis was conducted with ANSYS APDL for predicting acoustic load
inside fairing, and the acoustic mode analysis was conducted using VA ONE. For each frequency
band, the low frequency band (~200 Hz) was interpreted using the Finite Element Method, the
medium frequency band (200-500 Hz) using the FE-SEA hybrid method and the high frequency
band (500 Hz~) using the SEA method.

The design variables of the Helmholtz resonator considering nonlinear characteristics were
modeled using PSO (Particle Swarm Optimization) optimization method, and various acoustic
blanket shape models were applied to check the effectiveness of acoustic load reduction and check
the usefulness of the design/interpretation process.

By establishing a total process to predict the acoustic load inside the launch vehicle faring during
high speed flight, this study is expected to be useful in a initial design trade-off phase and detail
design phase of launch vehicle
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