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W FHEHEMMIT SRS - MO &KETHE 2
fil > THET 2024 UK o AL ERE 039D BUE
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FHAEMES - HILAGHERRS T EHAIE | B

CRTRIINER | THURIRS 2R o KPR YA ZE edK
TR E BT RN - BRI VB BE 5O 28 2 %0
(Stereoscopic Particle Image Velocimetry System,
SPIV System) & HI2 i ERR5 - W DL/KFESS (hydro-
phone) & HIEEL; -

Rt EE EHNE AT ISR TH I i 45 Bl
BHVERE - IEE S BN S E RO SRS '
i > EAREE TR TLH » R EETT
HEERER » DFIEEAR 2 @7 > W AR E S
FEAE R o] DUETTEL B BB ss 0y s » A RO
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DL EW YR S HAY MBI SE S
BAERRAT « TR RER ERE Y o et &5
(Defense Advanced Research Projects Agency,
DARPA)Z12E BB EH CDNSWC(Carderock Division,
Naval Surface Warfare Center)#{T— 5 FIHE T
Y2 il TEAS | (axi-symmetrical body with and with-
out appendages) iy & 5l & > % & SUBOFF &2
([4]-[6)) > FIER B A& LaIST - EERRSGE
MIEATHY 77 - E5FEE] SUBOFF & ME—4R5%
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AR ENEREN) B > F12F 8 fEi i
AT » —fEEUE(Anechoic Flow Facility, AFF)H



M > — 742 /K (Towing Tank) H0HI & o £ EUlE
HOHIEHYA - (DAEAGHE(stern) & I3 ~ 6 i A] (axial)
g 2> 8 & & Boundary Layer Survey) » JHIE
528 By B T 2048 2R [E % (single-element hot-wire ane-
mometer) » 0] H & B [ lEEAY 2L (instantaneous veloc-
ity) » A HER B () 22 25 2R 5 (mean velocity) PA K¢
FHRH S5 35 /1 (Reynolds stress) 5 (2){EANAR K ARPIA
(wake) & 35 ~ 6 J& il 7 i2 B b =~ & =) B R 0 =
(Circumferential Wake Survey) @ JHIE sy 3 =
R4 B E 55 (3-component hot-wire anemometer) » T
WSy 28 [ & - AR P R ) 2 DR
TERASEREIE ST QTR R ARPIR &I ~ 5 pR (A
AL'E | 5B )70 & (Static Pressure Survey) @ JH[ &
525 AR BR JJ#E & (static pressure probe) ; (4)1FHES
FE BN E L HETER S K 5TV f](shear stress):H
& o I RKE R TEHEMBIIES - EERL
DARPA SUBOFF 1Y/ Bl B B8 il Ko it 26 7K T
H 7 SE ST 78 FARE LAV 52 - 2801 » DARPA
SUBOFF HETT T MR EINREIR IS mis &0 -
= el &SR 58 - ERRAEANE
ME M (VR HEERE - FRERIDEE) AR AKX
(intrusive) » 5 FHIEREHTR ARl &R IR
% Buhg BE W T NS AR (inflow) 1 25 S
LLII AR E 8 o

A =& IS E AR S o ABRAIEE AR
(non-intrusive)#y & HIF AT < MIFR AZHIIRIE &M
Tl 3 B FE B AR 8 HI 2R 2 (Laser Doppler Veloc-
imetry, LDV)FI'E B G0HIHA(PIV) - LDV 5 EEEE
&M (single-point measurement) J577 » th gk B4 x4
[E] BF 15 2 2 B 77 i 69 355 3% (field) #0882 - B 40
Devenport and Simpson [7]Ff{# FHAYEER LDV ; [
PIV Z/D&Hl— 2D st H (light sheet) i FHY 2 2%
43 & (2 velocity components, 2C)43{ff - #rak FLEH B
PIV & LDV 1y o jfiy 1788 =08 B s 5 0 2%
(SPIV)AIZHF M & PIV fHBEFTHERD 48 5%
2C A AW 2D &Rl LAY 3C 585
HE AR > E#R 2D-2C FAR PIV 5 Bw B 2 BUR
B EERFT(2D-3C) » 540 Falchi et al. [8]F1 Mori
etal. [9] -

R K RS B EUR S T RESRI R % > 2R
R Z R R B R 3R Y > Zimmerman et al.
[10]FAJEVEEEF TE R - DL SPIV &I Rood FAUFEH
Jit(junction flow) » H&E L ZEIH A BRI N5
FERR > RILREESHE DT HK T E A
R o EREEEE 5727 Choi and Ceccio [11]%F
LR TR » B bEL 2 R
ZZALFOEE AR - REA[RIHERGEEE
REEE R L EE L 2P B LR R R
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A BRETIN R TH IR B S0 R R DL S K
Bt - EEEITER - (DA VE B S
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(SPIV) System)#{ TPl & EM 5 (2)5i %= HHY[E
B > (i 2 ¥ B&K 8103 7KEEZ8(CHI1 ~ CH2)#E1 7%
S WA AR - se B AREVEEER
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1. HERNE

KErEZEREA R T ESINE ) f T B AR
oo @ 1 KE 2 B o HEEAEE 20 B A
6 ByBIfEEER > AR 3 KR 1 e REELAE x /
C=03393 » I EEHZE C %5 27829 mm » [EfE
108 Ky 62.36 mm ; WEEFULEAE 4 &% H SR
100.8 mm ; L EMREEEI DR A x / C = 0.3393 fir
B2 WE 5 FR o sxe i e IR AR
A EIFE A B (F AR R © 5362.52 mm? > FrAUifE -
5362.55 mm?) » HPCEGHEIAL B 2 H0 il Ry ML B A
2 et -

AR B B A A B R 5 TR E 0 SR
EFE Ky 2 em > HJEELFEHKIEEEE 10 cm 5 [FLEJE
i R14% (leading edge)FEBEARFIT4%4Y 1392 mm + 55
NSRRI Rl x = 6.3 cm R (HZ Re, =
5x10%) » i 2.5 cm EIRVARE -

1 iR SRR
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0.12
0.08
o 0.04
~ 0
> .0.04
-0.08
_0'120 01 02 03 04 05 06 07 08 09
x/{C
3 SR I 2% f]
7 1 AN E S AT
x/C t/ty x/C t/t
0.0000 0.0000 0.6500 0.6619
0.0100 0.2410 0.7000 0.5887
0.0125 0.2690 0.7500 0.5156
0.0200 0.3383 0.8000 0.4424
0.0250 0.3768 0.8500 0.3693
0.0300 04111 0.9000 0.2961
0.0400 0.4711 0.9250 0.2596
0.0500 0.5225 0.9500 0.2230
0.0750 0.6271 0.9600 0.2084
0.1000 0.7090 0.9700 0.1937
0.1500 0.8299 0.9750 0.1864
0.2000 0.9118 0.9800 0.1791
0.2500 0.9648 0.9875 0.1641
0.3000 0.9933 0.9900 0.1534
0.3393 1.0000 0.9950 0.1174
0.3500 0.9995 0.9975 0.0860
0.4000 0.9839 0.9980 0.0775
0.4500 0.9453 0.9990 0.0556
0.5000 0.8813 0.9995 0.0397
0.5500 0.8082 0.9998 0.0255
0.6000 0.7350 1.0000 0.0000

70.82 mm

100.8 mm

94.42 mm

278.29 mm

(a)

218.4 mm
69.72 mm 1
1 27.2mm
79.72 mm !

' 248.32mm
' 27.2mm
70.69 mm :

: 220.93 mm
:
1 46.4 mm
H
94.42 mm E

278.29 mm

(b)
4 TRE S OERERE ¢ ()ELE - (D) RN

x/C=03393

x/C=0.3393

50 mm 47.8 mm

/ 64.07 mm \
100.8 mm 49.49 mm /

62.36 mm 62.36 mm

(a) (b)
5 R R ATREEE (e / C = 0.3393 R ElE © ()
GULE > (D)HT AL

2. HEBUKIE

AE IR B TSR KB 4 TR B
B2 20y R 22 eloKRE - HKM YIS ER I R By
05mx05m> EEE22m: BE—EERIEEK
8o Kil 2 EERBE S n] R PR HE Ky 20 ~ 170
kPa » g KEERRARL Ry 11 m/s

/KR FEIhEE R« IBIREEMERE S ~ 2=k
B~ ZEEAEAR/ARGE SR ~ KENTERER ~ B =M
% JRAl TR F UK N ELE 2 s o



3. BB

KETEZ BRI - EAINEN RN E &R
INESZRERNE - Sy RIFEEC 3 FEERTUE - I 6 [Efk
F o ARAE 0 XA RHEARIN SN 2SR 2309 5%
F > RLARGF ST 7 (H IR -

BEYUHH 31 Rk 00~ 57~ 10 DIFEEE
INEERT%% 94.42 mm (x / C = 0.3393) Ryieisish/IEns 1
e (FR)

AR ENIEEA SRS  (FF 1 om B4R
FEEETAMNEE x / C = 5% (2% Gand et al. [13]) ©

B HIEATHE U By 5.0 m/s » BFEAR
BT Uy B8 Rec WIFE 2 R » P EERE R
245 ~ 27.7°C - NI 26 CEFR[14] © REEHE o=
996.8 kg/m® » i HSE) IREFE 2= 0.0008701 Pa - s °

%2 HEREIE A GRS Uy Je EEE Rec

vag
Uo (mls)
Egmﬁé 3.020 0.40 1.600x10°
i@?}i 5.034 0.68 1.605x10°
fgﬁffé%}% 5.039 0.78 1.607x106
Ei;gm?if 5.030 0.60 1.604x10°
Iﬁ% TF(L)E}% 5.026 0.52 1.602x106

4. BEEAHHEAE

4.1 BREAELG

AXETEFH—% Phantom V310 /Y5 2 HH#
(high speed CMOS camera) > &5 AT (maximum
resolution) & 1280x800 pixel’? » & i =& B 10 W
HY R EE R 5T (CW laser) » JEJR Ryl 532 nm #Y%%
St o DUE BEEAGNEE £ 475 (Particle Image Velocimetry
System, PIV System) - 2R s B 15 AR 2 5 2 7 B
By B AR (Uy =5.0 m/s) B » DU EE
BE > ERANRERNE 6 R -

WS 1A Ry © EAIE S [EIIE HUE 5L g DLAh
WSV, BT SEREBAREE U AR
BB LIFERL 5215 B 53 T (% 15 21HY 8000 [l 28 & ]
BT -

=ML B A AR AT 4% (leading eage) T 14.7
cm > WELRFEFG FIF 1153 cm » EE&ERME

2R3 RETHOR > ERBURE SRS B B
HYAHS R A 1% - B2 IR &L
DUR BRI RV » B BRI AREMN -

BREH FHER
|__|: | 1
oo
il
| =
FHAR

Al

SR CE
ELEE A

o A kR R A
6 S AR AR iR B B A R B CHIS B i

#h7)
=3 AnEHIESREEE O
= .
- 5
W | A | R0 (nm)
(HL u = 0.99U)
Uy (m/s)
{HEIN =
5.020 38.51
g 0 i
AN =
5.034 35.03
s S
HEIN =
e 10 [ 5.039 36.89
AU EE
5.030 3791
g S
Hr AN
.02 4.61
e 10 [ 5.026 34.6
80
75 traditional sail_AoA = 0 deg
traditional sail_AoA = 5 deg
L traditional sail_AcA = 10 deg
65 new-type sail_AcA = 5 deg
60 new-type sail_AoA = 10 deg

'E'45

> 35

0

N RS R ¥ YR L Y R R
Vx [mis]
7 AR EHIBY RS HAR(y = 0 A EHUE L) (EARIL
B8 Ky traditional sail » NN 2 B new-type sail)
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42 RSB ENELLGR

TLA8 0E BL R 15 M 2 £ 478 (Stereoscopic Particle
Image Velocimetry System, SPIV System) > {f &
CCD #Ht% » 72~ BRI B LARHARY 77 s
YA — {1 - #E RS & A 2 R B s B
AR IEMORF G B (18 8) - TRk —4Ese Gt
St Ry Z2 R A = 4 AT PSR AERA M 7 i i 2R
&85 -

RS ER AT S [ S]H9 B R 23 507 A 1E g
ZE /K RE T E SR - () CCD %% LaVision 23
EIFTERELAY Imager SX 4M » fEARFE B 2360x1776
pixel’ » JABRHER HEFH 15 REgh s IkEEH
(pulsed laser) (s %455 £ EverGreen200 » Hf% =ik
EREE T &y 200 mJ > f = ARE EEERE R 15
Hz -

KETE RSt EINE RGPS - DAPEBEILE 0
FETL I Y 4% (trailing edge) TIWEEEALE » x/C =
0.10 ~ 0.15 ~ 0.30 ~ 0.50 Zf&#&LE K 0~ 5~ 10 EFA
FEFOE E EAERE Up = 5 m/s JMETT SPIV B ERiaHE
(9 ~ & 10) > @5 CCD HHHEHE/Kis /2 [T
% 0 k(S BB KRGS 07 BN
JH -

SPIV EEafrim i HR S 8ELE - W3k 4
7K SPIV A& IE 3 M (E M LaVision /2 5] HIRY
DaVis10.2.1 §ifg - BHELE M 5000 HFZEIPRK
s 2R - B e AR RaEESE - RKE
A RE B R G 2 R B A S 2 il (R
FI R P E B R 25 (median filter) i 1Y Universal Out-
lier Detection FLAI » AR EEE &I HAm & - [EAK
NREASELNZE  SFHESZREEFM16]
PAK Westerweel and Scarano [17] °

0L

Sl
504
‘b

CCDAa# 1

CCDAR #:2

8 SPIV Jits5 MR R B R

'ccl) A8 k2
E
Ll
]—»X
; £&2
N ?i i:? SPlVé!ﬁ ‘:c]) ECE3!
iz ECE 208

9 SPIV E Rt~ & ()

o ot gﬁ
—‘—dt!j&. 5

(b)

RLEAL A

10 SPIV FERAMEEAGE © ()= - ()

7 4 SPIV EER IR S TR S BE0E

51 Az BE
THE R Hz 15
FaRRAHE ‘H 5000
FAGLEBIR .
(scale factor) pixel/mm 11.9
[Ek=vsgis ol 48 x 48
WHEE M E R/ prre 50% overlap
[SR=Saxly . 24 x 24
RAVE M AN pixel 50% overlap
22 [l fEpfT
(L) " 1008




43 BEENLG

K TG ELRG EIRF M) > EHDRIEAE 11 Fr
7 (EH2El(Briiel & Kjeer) 8103 /KEEGS 2 20 77
®lkE CHI -~ CH2 » & HI#E=RH & k& 0.1 Hz ~180
kHz 5 B3 Mr {6 #E3E M B&K 3050-A-060
» g AR R E[E (frequency range)fy 51.2 kHz » Bl
3% (sampling rate) & 131000 samples/s » & ¥} {5 By
(data transfer) 5y 24 bit » ZRFFHEELEL MRS (55
B&K Pulse LabShop V.26 -

KIS E 2R E 12 - B 13 fios > Hep
CHI FEEiN S TESE% B 178.71 mm » CH2 FEEER,
BEEE % Fy 370.19 mm -

B&K Hydrophone Array Measurement Configuration
B&K 3050-A-060

BK Connect Analysis Software

Charge to
B&K 8103 k5% cco

Converter

Analysis Result MOATLER User,
v defined Algorithm

:@ Britel & Kjeer =@
B ¥ o s

1K N A

o L

CH1 cH2 [,
m [ ] A— 3 5
%
R R AR AR

12 /KIS ER AR T B (U H5R E)

5. BRESHITE

5.1 BRRSBERIEESHT T E

AetE BB ETRREN RS - DAFEEEINE 0
FE T FIF Y 45 (trailing edge) NIFEELE » x/C=
0.10 ~ 0.15~0.30 ~ 0.50 =g RZ 0~ 5~ 10 Ef
FERIEE HERE Uy= 5 m/s 3T SPIV EEiia
B S{EREEEIEE N = 5000 4R GE -

AR % B 0 4 LaVision 23 F 9
DaVis10.2.1 #08E » 53 # Al 5 /K MR [ A (x, p, 2)
WO R Y R > 53Rl (u,), ~ (), ~ (n), >

BT N (Bl 7 BT ST
BV, V, ~ V. WE(DFTR

v, ﬁ;(u,—)k  I= X,z (1)
SRAGHIhEREES) - ] DI 2 - e
HYE o & Rl E e o, » QAR

ov, o,

o, = > = (2)
R B B K M & 3 9 f# (Reynolds
decomposition) » A RFAE— I 2[5 73 ik T3 R
DRV, V) EEEHEE & (), ) @),
FIT&H R - SEH BB 2R 7> 8B n[ st R E IR E S

(Reynolds normal stress) » #1T(3) ~ (AT~ :

(ui)'k =(ui)k _Vi > i=x,y,2 (3)
1 & .
Rii :Nkz:;[(ui)'k]z s l:xsysz (4)

ZENEE (turbulent kinetic energy, TKE)FHEE &
IEERESIAHRL - RO AR

1
TKE = E(RM +R,+R._) (5)

bty E AR b Z R ER I Ry I S R 5%
& €~ FHEORE B NUERE U ©

52 EEEREHEEE

Ry SPIV HEREUE P50 T &L
%A Yang and Chow [18]HV E EfkE & L Z(vortex-
fitting algorithm) > fR#2 Burgers vortex fEHEI[ 191815
WERRATRH M - E ERIUR TRV - IRE - A
I EFEH -

5B N e et & U TR ] Bl AN B D T SR 2
b > BIRRIS A RHER F W e 7 A S Sl iy B 2
ST > Hor Rk - (1) $lmile RIEEREZ
Burgers vortex f5#%If BC /2% > 3 BC A H 5000
SRS RIS  FETT RSP O &
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N Ry B RS H =353 7 2 Burgers vortex 157
9 BGE % » #H BGE A IR 2 L5
Rt -

RIGETE LT O RSN EE K TXT
AIELERIE IS, > P AR L it & 48 5 2 e 1 B B B
LR &% Burgers vortex AR 2 HR
e i E R E S EEAE TR 9 R
BEELLRRIEIR A - DUSE & BB Bt e W & 0 . 93 A
i NeRe 2 SHEAE » 1E RRREREIEZ YH
S -

HAMBIE X, T 5% 0 NFRoRE N EH
1% EIgE X WR(O)FTR 0 EEE o, XD
T BEALE(CV), W B)FTT

— 1 N
X—Wk:lXi (6)
[13 -
oy = W;(Xi—X) 7
(o2
vy, ===
(== ®)

5.3 BERNENRITE

BN o (o F #Y /K B2 88 £ 1 &5 (hydrophone
calibrator) £y B&K 4229 ; BFigzflai & Mz E - &5
Higsr s M RSy 2 o8 SREREE L 51.2
kHz » H $% %405 (5 FH 1= 48 R, 25 (High-pass Filter)
RIERy 7T Hz (0.1 dB) »

W ER R R B (o SR B A TR HRpIE
ARG R AR R o (SE R PR T BRI > K
KRR Fax By 1.6 kHz » BRARFEATIRELRy 6400 » 8
TR RIS L p'(f) > FIHEOE p'(f) B
WIS, > Hoh SIS p, AEK T B 107 Pa -

SPL(dB)lexlogl{(p %) )2 J ©)
pre/‘)

R R AR &5 SR DSy 07 R > WIEE RS
B ER% (Overall Sound Pressure Level, OASPL) » AR
R4y BR4R (Partial Sound Pressure Level, PSPL) » 4]
H10) LA DFR » R EESULERSEE -
KREHE OASPL 1Y f,,, =5 Hz » f,, =1.6 kHz >
PSPL®Y f,=5Hz » f,=100 Hz -

JE] It

OASPL =20xlog, | — |, E="m __~ (10)
" |:p;ef:| f;nax _fmin

fa 2
'O df
PSPL:ZOxlogI{‘/E»S} JE = I-" [; f] (11)
ref 21

SR SR o

1. BRFUB&E SRR R

AR SPIV B MAE R - o] DAFESEH DU

ek

I A% SPIV P M F R GE Tt - vk
W 3% 38k LH S0 (Tip Vortex, TV) ~ 5 (Horse-
Shoe Vortex, HSV) LKz AR (Root Vortex, RV) »
AfE 14 Fs e

L. SPIV piiss &MY i50E - fEX0s 0 FERY
PIRIGE R R > B R EERINERA |
S IE S e g 2R - Fr RN A E s R R 4%
o7 gEd 2 WIER Ry - AE 15 By
T AERUA 5 SR 10 FEERR S - RAEHE
GRS T B (R B S T 2 e (o 1 7 8 g
&) -

1. EBeE & B A BRI R ESAEEE - L1 5000
HEIE ST EHE AN E RO RN SRR s 5 RS
Bt —{EEE I (0/C = 0.50)H#ETT 73 M7 » 4554
5 Ao o A DASER B AN B AL Ay IR AR
PNESNEMEIREZEL 1 ) RR A
BT 5 BRI ARERE  FIEERE L&
W By 2 (EDEDSELA L > sbet &l B ARRR
S HATRREATEE I - ARG RS ET
BEER - DissambeE TS

IV. st e EFE AT R SNAER - WE 16
ZE 21 fyR > APREEEGE DT 3 &G
i EIETNRE BRI 10 AL

HAERA T SRR o OB DR
IREBBEE MR RLE 10 XA
B REBAE TR > PR > OB ERE
& (HEREHEREANZ M L7t sFRE
RNV
i EEECAN R N o e DU R &
GHHEEHE  XEI0E > ESE > K
0% HYmEoR » R Ok m s K g
s e
i, BRETDUE TR A E R 2 LA E
o, > FHETUHT NSRS R ITRE
R EEE S/ NN ESRILE  aE 18 Ay
STt o
iv. {HEEINETE 0 BEXE » EhE gz as i
7 SETE L Y 8 B vh o ) P e BH B
o [ENEEE R SR ERNERN RS RN

K> HIREEEU) -



@CMo:  -50 -40 -30 -20 -10 -5 -25-1.25-05-02 0 02 0512525 5 10 20 30 40 50
0.44

0.4
0.36

14 HGILE A 0 EAE x / C = 0.10 FEE Y
SPIV SR « MERNIL# R o,C/U, (R
AL B BN A B e ST B BRI G A
A EAZERLEHRE L FE R x JT1H > 2/C
=0 Ry/KI&EH g m)

[ T 1 T T [ [

«®CMo: -50 -40 -30 -20 -10 -5 -25-125-05-02 0 02 05 12525 5 10 20 30 40 50
044

b= ===== DS ST SR R S S

0.3 0.2 0.1 0 -0.1 -02 0.3

15 Hr AR A 0 FE*ZE x/ C=0.10 fEx Y
SPIV BEER AT LEIAEE o, C/U, (FBE
N B SN e B v B E R AR
A - EAFZEREHRE) (L FE R x JTH > 2/C
=0 Fy/KIEHI T

R 5 (RN SO AN SEAE R S TR - iR
I x / C = 0.50 HYBFRFTE > LL 5000 SHEHRHET-F
S et et S R(BC LAY

N TEFEH (mm) | PR v
&GEt . %ETD
L Pari " A (mm?/s)

z Yy
FERE | R | mm) | o (1)

g | CPEIME | 535 | 8447 | 737 | -537.48 | 72478

E | ez | 138 1.45 1.18 86.57 15629

B TgRE

5% (%) 25.81 1.72 16.05 -16.11 21.56

wim | TIIE | 856 | 8461 | 7.07 | -29340 | 35519

WUEE | fustesz | 451 | 268 | 197 | 78.15 15676

T

51 (%) 52.67 3.17 27.90 -26.64 44.13

3£ 480’ (mm)

10

s

6

2
5

o
010 015
w"c’)‘(f S I itk

LS O 45 F itk
LEETUE Y EY ST

163 itm%éfjmﬁ;%

[l
A

i)ﬁl(lel e
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MEASUREMENT AND DISCUSSION OF THE FLOW FIELD AT THE
TOP OF THE SAIL

H. C. Kao* C.Y. Yang* P. H. Chen* R. J. Chen* W. C. Tseng* Y. C. Chow*** Y. H. Lee®***

* Department of Systems Engineering and Naval Architecture, National Taiwan Ocean University
**Shih Yen-Ping Center for Underwater Technology, National Taiwan Ocean University

Keywords: Sail, Stereoscopic Particle Image Velocimetry System, Hydrophone, Tip vortex
ABSTRACT

This study investigates the characteristics of a new type of sail cover, focusing on its performance in various
flow and acoustic fields compared to traditional sail covers. The experiments were conducted using two different
geometrical shapes of sail covers: traditional and new-type. Measurements were taken of the flow and acoustic fields
downstream of the sail cover top under Reynolds number 1.6x10° and three different angles of attack: 0, 5, and 10
degrees. The flow field was measured using a Stereoscopic Particle Image Velocimetry System (SPIV System), and
the acoustic field was measured using a B&K 8103 hydrophone. This was done to explore the differences in flow and
acoustic properties due to the geometrical shape of the new-type sail cover, with particular attention to how its
unique shape affects the flow field. Overall, combining the flow and acoustic results, although the new-type sail
cover has an irregular shape and produces many small vortices, its maximum vorticity at the top of tip vortex is rela-
tively smaller. This indicates that the irregular shape of the new-type sail cover helps suppress vortices at the sail
cover top, thereby reducing sound pressure levels in the acoustic field. Moreover, the new-type sail cover maintains a
consistent sound pressure level across different angles of attack, whereas the traditional sail cover exhibits increased
noise with larger angles of attack. This demonstrates the new-type sail cover's stability in navigational noise, high-
lighting its potential for improved sail design, reduced environmental impact, and enhanced navigational efficiency.
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