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ABSTRACT

Recently, a propeller air-induced emitting (PRAIRIE) system has been adopted for naval vessels to

reduce propeller cavitation noise. However, air leakage occurs around the injection hole because of

the low pressure around the propeller blade.

To investigate the noise characteristics of air leakage,

we measured underwater radiated noise during sea trials using a shut-off valve. Noise data were ana-

lyzed in terms of the band energy level and signal modulation. We found that the air leakage of the

PRAIRIE system affects the characteristics of the underwater radiated noise.

Aol ZaHY L28S
derwater radiated noise)°l|
o Zzde 258 wF
agoz FREEE, o] FrRl whet 3417
% RPM(revolutions per minute)©] o} HA 7HH]
Hlold a0l AwAez BAR. Adeola
o sk Zzdd Beol= ®W9 ¢
| Sl i sl R
36} 7]4: Hz} m Z2E Al
age] Puje Fu 4y —g—

A7 F/AAT. webA

OHI

p
NS ey

_I

BI
_0‘L
A= ﬂir

1

>1\1

T Corresponding Author ; Member, Agency for Defense Development,
Senior Researcher
E-mail : syongkim@add.re.kr

*  Member, Agency for Defense Development, Researcher

268 | Trans. Korean Soc. Noise Vib. Eng., 32(3) : 268~273, 2022

= = =S| 1

] 7h E 83t
A AulEHeld Ass AT Slete] g
o] Z5Fehd 2ol PRAIRIE(propeller air in-
duced emitting) A]|ElS Z5=1 It} o] FulH|
ol Ay Al ZZAY Shd(leading edge)el A 37
£ &t AuHelAe A 4 9 e E A
ANA 2es Atk Al2Holth wEbA PRAIRIE
Alz=gle] gl Aulgold A HE fldte]
T 5715 o18F T 54 B 24 A
&4 TastaL 9)\ Aol 3 8 5 A

i Recommended by Editor Seon Jun Jang
(© The Korean Society for Noise and Vibration Engineering


https://crossmark.crossref.org/dialog/?doi=10.5050/KSNVE.2022.32.3.268&domain=http://journal.ksnve.or.kr/&uri_scheme=http:&cm_version=v1.5

Youngsun Moon et al.; A Study on Underwater Radiated Noise Characteristics of Naval Vessel with PRAIRIE According to ...

2SS FRSAY #53E dRste] BUY
Hohs dAgEe] @siA Jdsa . o] F
5SS ol &3 AAA RUHE AT 8 Aol
Al 2y ohde] $1X]3al 9l PRAIRIE &
£ 58 ¥ wEEE 4] s ok

37) AA FES a7 AT o 79
o] FraehaA & 7] wjs wheh ke S 9
A, 2] PRAIRIE 37] TY(air hole)o
2 A2E e F77F 2EH Y e d4elt)
ol wheh Al2~El o] F7] e E Abd Wb o)
& x27o] tEY] wio] FEF Abol7t AT
Ao, 7] F& Al AulH oA frAkeHA 2=
o] FH 7|XE AP o R ot olHg
e AulEH o)A ZFo] 7]l ofgk AFo R <
st SRS BAS B Zlo= div
H, 5] 5F 2"A Ao vA e dFo] =
Ao o et wekr F7] FE deE getsia,
T2 24 2 AES st AR S 54
of oigh o] I gsrt

o] =& A= PRAIRIE Al&Hlo|A 9] 37] F&
Aol digte] fFAHE} o] 2S o] 8ste] V&Gl
o, AA A Fole] 7] FEE AT A% 54
< ARlEold A S o]8ste] Ejlstaiat &t
Ak Egk A ShgellA B A FEH A A
Bz 2748 U] 80 e 37 ¥& a9=
glslr] flgk Algs 73, 7]&e] PRAIRIES
Agatal A= e HluE Skl AFES 9l
SkGitE ofel whek 27ellA F7] = Aok AulHE
ol M 4] Wel tigh o] &3 w7 1tdalA 7]=st
Ak 3FolME 7] FEO WE FEEARS Al
5 9 Aol 3k AW, 44 A2 o7 V&8

21 37| =& 44y ez
FEe xR I og 7ok &
Az Qlato] mjwrel] ke izt @A ¥ o] yEt
- &7) i e EAske frAll
sto] WA, M, ARl o FAlEl Tt
H25o] A2E Agato] AW 5 Stk
PRAIRE A|~Bl9] 7hdal B2 3= Fig. 139 o] %
& 7Fs3it}. PRAIRI A2 FE(root)

ol 2 O i

m
-
o
rlo
(&
fil
e

R ek(leading edge) whet Eui(tip) 7 EAEH
Ak of7) e ZeAy Zikip)S FAHoE A
W) o] uwl 7] 94%7]9} PRAIRIE FHolA<)
HEtrol WA A (1) 2k

1 2 1 2
Py +§pairvl :p2+§pairv2 ()]

v, =083 743 PRAIRIE 7149 44 &%
vy A (2)8F 2t
2(p, —p,)
vy = P17 P ?)
Pair
PRAIRIE 77| A4S p,,, TEA 2te] f
AEEE v, A5 DEF p el 39 p, = 2 (3)

P’
O~
T Atk

3} o] ek

O

1
Dy =P2r™ 5 PsUp &

webA v 7b SR pe AASL v,E S
37 ®c) ole] we} PRAIRIE 74 WAL Az
a3, F7ERE QE 2 4)9 o] xdW)h

Q=v,xX A

1
2 (p1 —port 5/)31}[))
= X A
Pair

“

aejeg 2238 RPM Z7}3te| ule} PRAIRIE
T F7IMEREe] S7FE A, 37
Hslol| el A EAo] dekd = Qi

2.2 Fid]H|o

| M Hl-té-l
ZeAY 37

4232 Y
T A Avldelds a1

PRAIRIE hole propeller tip
D2, Par, V2 Vp

air compressor

P, V1

Fig.1 Schematic drawing of air flow arrangement of
the PRAIRIE system

Trans. Korean Soc. Noise Vib. Eng., 32(3) : 268~273, 2022 | 269



Youngsun Moon et al.; A Study on Underwater Radiated Noise Characteristics of Naval Vessel with PRAIRIE According to ...

Ao o= ”ﬂ%oﬂ o] =ollA= FNnlElo] A
Sg A IS EEEl) AlvlE ol FA W
S A IR R F %ﬁ’} F21(OASPL, overall sound

pressure level), 1/3 SEFE = F4 DEMON(detection
of envelope modulation on noise) ¥2jo] Ut}?. 7Y

3.1 A e
AE AR FEAAAS 54 37 180 17028-17)
< &l FsIT P AL

HlEo)l e 7]z wAg 443 g 7F ALE 2 A% g
FUY Tk Ais e A48 A% BAst  HA4e] Hal Hal 1 moldl, T4 12kts ©]&}, &
54 &2 RPMAA 543 & 5% 95 5 4 1000m oA 714 2 sk - 2N =4
7L webA S8 2 B 5 9 H3kE d9iu e SAE Hol(buoy)et D43 CPA(closet
< AMkste] AHold A RS g 18] point of approach) A ® E3slH 758 A
AL A E el A ek Fejol met FIk e & Al4E B&K 8106 5 57101, ADC(analog

o A<} ztol7} WAYEY] wWiTol® 1/3 SERH MI=E (o digital converter)E 65 kHz AE% o] E(sampling

o]-gate] Fujgrell W g SAS AT rate) S ZH= ADS 1672 oPd R — TIXE ¥W3k7]o]

3 AnjEHelde® Qg AN Aol T th Folo X AR AY 2 57|85 $l5te] GPS
gl 3o ofs WxHe IE wxE dol=d, = g@AESIY 98 volE e Fo] 2 g dxw
o] A"83}7] 93] DEMON 2l242]5 Fig. 29 & GPS BRE o] &3te] Folet 9+4 1he] Azle} 3
o] #HAEO AA AZT 28 AT 2(n)S W AFste] B 283tk
23} JE|(band-pass filter)S H83to] 7|L2 A% NI F 2030 thate] F7] AR ¥ AR 5
o3t 297} F7hoHE FoE AERT. 1 F F gsiglon], @ /K Sl deNE rase 3]
2 AEE Slotd A5 E Ai(square)d F, A = apdate] AdS FHESITE AES RPMS T}
53} ZdE(low-pass filter)E ©]&3}> PSR(propeller A7y gl =5 A S-S 24519 0, CPA &
shaft rate)@} BR(blade rate) 2 3= tgo] of 3} AF o] A A7} dlo|EE Al&8lo] BAlEit)
ate] At o]% DC NS AASY 1% Fu 2L 29 oA 1/3 LEE W= BAS o] 83}
of WZHFFT, fast fourier transform)@ 47138} o Ful EAS BXagn) =3 B4 4 0|9
(normalization)E& F3sle] 2~HEH J()E A& 9 & &9 S EAAOR Ayste] APHE 3
T o™, PSR % BR F3pof] thgh A TAo R <lgigin}y, Fpdoer Wz AT BAS YA
A 9 DEMON< AR&3ste] #4181qleh. e 53 A%

ojeF & —‘%*é%% Z13e] el o3k Agel 1 Bl AR} :FEE AL B] Sle) $E Y A
oo, F7] % WAE ojsh FAlSA XS % dlme) Arda AzE gt T won
AAZITE wEka] g ol A BA WS 48
atol 371 rEedl A9 e S 548 £46 3.2 TRHY BJ| KRS /RICH AIE Ha}
+ Zlo] AAsirial At AA A Foll diaEiA 37 FE g AA F

Bandpass Low — pass
W Fier — Sauare = D
|
'
bc — FFT —* Normalization —> J(f)
Removal

Fig. 2 Algorithm of DEMON processing

270 | Trans. Korean Soc. Noise Vib. Eng., 32(3) : 268~273, 2022



Youngsun Moon et al.; A Study on Underwater Radiated Noise Characteristics of Naval Vessel with PRAIRIE According to ...

zHo® ‘%Toi }\]UE Tagol’oﬂq Fig. 3‘T‘E1
Flg 65 &Eo] e 1/3 LEH Ws AL o] g3}
o 7] ¥& Aeo] wel g v)adk Ao},

Al g AN B4 Fos o gel mFoh e
o 28 F9A7E FTHAAOH, Sl v ste] Hat
£ A% BAT & Ak S¥0) T et &

RPMo| S7behe, el 79l ool wobd

SHE 7% F7IE Aoz FA4EY. Rid
AF Qs 7AF, B2F 250 AujF o]
7] ol &7] FEol g a3s Felslr] oyt

ol& &3l
= "AE Adew FAD = vk AS A
oo-3 ktsollAl Al S vl Es W A5 =9
Apol7h A4 Gt AFIH AN &7
2L F97F E=AXuL o= A FA] i @
sto] A = Qe Aol wHE. A&dA e
RPMo| 141t Aoz oz ub) Wit wjga} 9
o] fEEAE A4 ot 7] & BT
o7 Uors Aoz FAHLE o]g]dt e Za
gl AHEold gt FARE SA4S 77—};];."
ool %“33}11 &2 el M= gHge

—e— (O O-3 kis air leakage
—e—(O0O-3 kts air leakage shut off}

—a A

N

Spectrum level(dB ref 1pPalHz at 1m)

FrequencyiHz)

Fig. 3 1/3 octave band result of o0o-3 kts

—e— DO kts air leakage
—=— OO kts air leakage shut off

A

N‘wg:

1.4
I

Spectrum level(dB ref. 1pPa/Hz at 1m)
L d

Frequency(Hz)

Fig.4 1/3 octave band result of oo kts

29 =7 Aoz ofadt).
g s HuE 9sle] EA Fuld 1
o 4 T SU=AE ]"Fé]—oﬁ Fig. 7%} o] vl
wolth dld T4 U2 1/3 SERE s 74 4
Hol A F7) FER Qe Z71EIad o] 23t
H uFs holrk. A Ftell thate] 4] AJHS
FRslon, & A dEHet Ad =
o] &gl whe vkl 2 At 3
S el S RAAT 68% A2 o5
TS FAste] BAH BAS S8kl

AA AR FE e Al o5 S Beju
= #ol v EAlstH HAt A7 dYehds As
& Uk oM@ L TdT el = Fol
2t g7) el Aok BAss Aow 4w
o SR tiAlg e ) A AEe & euE
A7F T2 AEHEG e As 998 e F
b & SRl A Zpol 7} AA BT A&l M=
FARE 28 E97F BAse A2 ddHer 5
RPMO] 7] el 7] FEfo] A& Aom d
FEH, AR MAlE GPo] AL Ao
Tt adoxs e 99 o] §4

(== D+2 kts air leakage
2 —=— O O+2 kts air leakage shut off

£
®
N
<
@
@
- g
;: e N
g N
< e
& e
]
©
&
w
Frequency(Hz)
Fig.5 1/3 octave band result of oo+2 kts
(—e— (O C+3 kts air leakage

EL.A —=— OC+3 kts air leakage shut off|
AL
K
e \§h§§
® .
3 r\* 1
c . ™
3
g \\'\\
8
&

Frequency(Hz)

Fig. 6 1/3 octave band result of oo+3 kts

Trans. Korean Soc. Noise Vib. Eng., 32(3) : 268~273, 2022 | 271



Youngsun Moon et al.; A Study on Underwater Radiated Noise Characteristics of Naval Vessel with PRAIRIE According to ...

Class A(air leakage shut off) Air leakage Air blocking

Polynomial fit of class A(air leakage shut off)

68% prediction band of class A(air leakage shut off)
Class A(air leakage)

Polynomial fit of class A(air leakage)

68% prediction band of class A(air leakage)

Overall sound pressure level(dB.ref 1uPa/Hz at 1m)

.
Speed(kts)

Fig. 7 Overall sound pressure level of class A according
to air leakage condition
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