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Abstract :
horseshoe vortex (HSV) and root vortex (RV) generated at the junction of appendages and the hull of underwater vehicles. Initial analysis replaced the
influence of appendage dimensions and flow velocity with the Reynolds number by verifying the Reynolds similarity of vortex flows. The three-dimensional

surfaces of VRDs were parameterized using Bezier curves. Optimal length-to-height ratios were identified by evaluating the vortex reduction performances

This research establishes design standards for vortex reduction devices (VRDs) aimed at minimizing underwater radiated noise by mitigating

of VRDs with various dimensions. Ultimately, non-dimensional design standards were derived for VRDs, ensuring effective vortex reduction across any

appendage, thereby enhancing stealth performance.
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100518\-’ Similarity between hydrofolls with two different chord length (15%)
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100515\-‘ Similarity between hydrofoils with two different chord length [30%_]

non dimensional vorlicity
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Fig. 2. Comparison of nondimensional vorticity of HSV generated from hydrofoils of different dimensions (left) hydrofoil with
maximum thickness of 15% (right) hydrofoil with maximum thickness of 30%.
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Fig. 3. Comparison of nondimensional vorticity of RV generated from hydrofoils of different dimensions (left) hydrofoil with
maximum thickness of 15% (right) hydrofoil with maximum thickness of 30%.
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Fig. 5. Comparisons of vortex reductioin performance at the rear part of appendages according to VRD types.
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Fig. 4. Geometric types of VRDs.
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Fig. 6. Definition of installation location and dimensions of VRDs (left) front VRD (right) rear VRD.
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Table 1. Target models and numerical settings for CFD calculation

Settings Description
Type NACAOQ0 series

Hydrofoil Length/Height 1/0.5 m

geometry Thickness 10~30%

Flow velocity 10~60 m/s
Mesh elements 3D unstructured, trimmer mesh

Solver 3D segregated flow
CED Turbulence model Detached eddy simulation (DES)
settings Time derivative 1* order implicit unsteady
Gradient Hybrid Gauss-LSQ

Time step le-3 sec
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5% Wk VRDS) Fol L dol7t E& ook duk.
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ol T3l W2 Wl dolms= FolA et FUbE Al

Aol #-g3k ‘Rl At

T VRD 27 Vs EEd
541

Fig. 9. Performance comparison of front VRDs with different dimensions (left) L, =0.20m,
L,=040m, H=020m.
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No slip wall

Fig. 8. CFD domain and grids for VRDs performance analysis.
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HA 9F Fig 82 7, $HF VRD] 747 A5 &4
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Fig. 10. Performance comparison of rear VRDs with different dimensions (left) L, =0.05m, H=0.05m
(right) L, =0.10m, H=0.10m.

o

o
&
3

ato] m=Zol7l ¢, =1molx, %ol H,
Gl godolth Azt A -Esr)el
olF uAT AR {9 FEUS W

e =2

Aslelth. F2ke] 2192 AW VRDY

o
0l

-
)
i
il Iy 4y

o
e
of 4z BN ofy

ox [N
off »

ox M

z

i
X
9_,('

A AALEE

2~=x

A 8] S
A g}, ©] & CFDE
A K742} vpete]
5 A&k
Fig. 9% A& th& Aol WA5 VRDE HSV o417t
S vusEA Yepdch %5 A 4ol 02m, F9
02m, $= ZA3= 2ol 04m, 0] 0.2m<e VRD| A3}S
Yepdth dee] a9 9 Yo gds=
Q-criterion?] 591 (Isosurface) YERN AL, 3eke] 12 <k
Al 74eEl HSV A5 H(y=0)0l4 <%= 7] LER
th. Q-criterion 2¥-E AHRH FZF9] % VRDL Zo|7}

ofl

71

gha) mALE] elA FER
: A7

g 2Ao] dPHoR Fe

H =
LﬁL—E

=Ry =4
Rt =y

o

=

T Atk A v
¥E Ay #50 Ao Y 9% oF
2000/s 2] HSVZF A E )l vhde] $-Z9] Ao A= HSV
7F s 2EE 18t 4= Q. o]9f o], AWK
VRD7} HSV &} e 7] fsfiA = Folxl
dolE=aet Ui gk o} =

R =R a4
ool T A7) W3 VRDZH 7§50k
sz A% HAT 5

_?,]

s
g

vl

Ll

o

)/\]jr~

Fig. 10> A2 oh& A ¢e] $HE VRDS RV 9H7A 7
e vusA Jepdh 25 Aa= 4ol 0.05m, =9
0.05m, $= A= 2ol 0.10m, ¥°] 010m<Sl VRDY Z
B2 Yehdc Jwe Ry HAEE oA 4
(Streamline) S we} oFw o] A7]E YERH Zlo]at, st A
Ao A RV ASH(z =—0.6%*C)ol A RV x- A& &%
ettt &= 2432 By $ER BolEo] g3
ol = RVZF A s o] AlSHdl A 2% 1000 o] 2] <}
F7F s AS 81% 4= 9tk VRD W] fAS 4

su RN VRD Zol7}

=

-

B =
LﬁL—E

Zl

R

dlol sl b 37}
2o Aol sl AAF Dolg} kolol g LAAFE
SRR VRDZ} A4 Hofof g,

e
WSl &

- 258 -



FoEeA F9 e ALE AT Fots 4 AAVE AT
Table 2. Optimal length-to-height ratio of front VRD Table 3. Minimum required length of front VRD
L (m) H (m) L/H  HSV (5 Lm Hm  L/H HSV )
Hydrofoil  Total length  Height Length — Maximum Hydrofoil Total — pjone  Length — Maximum
to height vortici length to height vorticity
0 heig] orticity of VRD
of VRD of VRD ratio of HSV of VRD ratio  of HSV
0230 0115 2.000 00
0.150 0.100 1.500 4000 1 m, T=10.0, U=10m/s 77
0.200 0.100 2,000 3100 0260 0130  2.000 1500
0.300 0.100 3.000 4000 1 m, T=10.0, U=20m/s ggzg g};g iggg gggg
0.400 0.100 4.000 3100 - - :
0.500 0.100 5.000 3200 —1 m, T=10.0, U=40m/s ggzg g};g iggg 23%00000
0.130 0.200 0.650 6000 1 m, T=10.0, U=60m/s — 220 0115 2000 30000
0.150 0.200 0750 3800 0260 0130 2000 4000
cetm 0200 0.200 1,000 2500 1 m, T=15.0, U=10m/s g‘zgg 2‘132 i‘ggg iggg
T 150, 0.300 0.200 1,500 1000 3 15 :
= 15% 0260 0130 2.000 5000
U =10 ms g':gg g;gg z'ggg = 1 om, TRS0, U205 =030 0150 2000 1500
: : : 1 To15.0. UmdOmys 0260 0130 2000 14000
0150 0300 0.500 3100 m’ - 0.300 0.150 2.000 2000
0.200 0.300 0.667 2000 1 m, T=15.0, U=60m/s — 020 0130 2000 22000
0300 0.300 1000 1500 0300 0150 2000 2500
0.350 0.300 1167 900 1 m, T=22.5, U=10m/s ggzg g}gg iggg ?ggg
0400 0.300 1333 600 - - :
0.500 0.300 1.666 = =1 m, T=22.5, U=20m/s gizg gigg iggg 3222
0.600 0.300 2.000 - - - :
1 Te225. Umdomys 0330 0165 2000 8000
B " - 0.360 0.180 2.000 2000
4.2 MR VRDS FxHYE HAVIE =& C1 m, T=225, Usgomys — 0330 0165 2000 22000
Table 2= ZWH VRDO] AA7|E =&S 918 31 WA : o0 SV OOV V00
. 0360 0180 2000 2500
= A B o] XA Zo o] H|SL © =3 =1 T=30.0, U=10m/
AR AWE VRDO| H# o] tf xo] H&S =E3) m, , 5 BV R 0
Folx ¥IME Z(0=1m, T=15% U=10m/s)o| A T} e C1 m, T=300, U=20mis 0300 0180 2000 3000
L _ - bt T
Zlo|¢} Eolo] 2EL 7hA|= VRDY $EA 7 A50] CED 0.400 0.200 2.000 1500
0360 0180 2000 6000
AL E3] A HA] =o|7} H=0. ol AH =1 m, T=30.0, U=40m/!
s S AT WA Selh H=0.100mS) AR m’ ' * 0400 0200 2000 2500
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Fig. 11. Required minimum length of front VRD depending

on appendage thickness and Reynolds number.

Tl

jud

o] 875~

of gk Ants gofste] 7]Eskint.

- 259 -

Foll= HSVel A Aol vehhe A

Al

Ne



Table 4. Optimal length-to-height ratio of rear VRD

Mo
oy
>
Fot

Table 5. Optimal length of rear VRD

]

Ly (m) H (m) L, /H RV (/s) L, H@m L,/H RV
Hydrofoil Effective Height Length Maximum Hydrofoil Effective Height Length  Maximum
length of VRD to height vorticity length of VRD to height vorticity
of VRD ratio of RV of VRD ratio of RV
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Fig. 12. Optimal length of rear VRD depending on appendage
thickness and Reynolds number.
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