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ABSTRACT: Analyzing the interactions of firee surface waves caused by a submerged-body movement is important as a findamental study of
submerged-body motion. In this study, a two-dimensional mini-towing tank was used to tow an underwater body for analyzing the generation
and propagation characteristics of free surface waves. The magnitude of the maximum wave height generated by the underwater body motion
increased with the body velocity at shallow submerged depths but did not increase further when the generated wave steepness corresponded to
a breaking wave condition. Long-period waves were generated in the forward direction as the body moved initially, and then short-period
waves were measured when the body moved at a constant velocity. In numerical simulations based on potential flow, the fluid pressure changes
caused by the submerged-body motion were implemented, and the maximum wave height was accurately predicted; however, the complex
physical phenomena caused by fluid viscosity and wave breaking in the downstream direction were difficult to implement. This research
provides a fundamental understanding of the changes in the free surface caused by a moving underwater body.
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Wave depression

Fig. 1 Free surface wave depression caused by submerged cylinder motion

ol A Fig. 13 o] A=A gHEo] A&k (Sheridan et al., 1997).

olgt T WL FEAY W2 AoVt FEFE, FEAY 5 £57) SIS FEsAl YERITHYi et al, 2013; Shin
and Cho, 2021). =3 & FHEo|A 3 Wave breaking)”} LASt] ko] A-f<=d 5} Ao YIS v THHyun and Shin,
2000).

Ay AYY FFAe 5ol 93] FgolA HASHE AT Tk ol Uik AFE M e FAHQ JHeE 2
AEet FPE] o] g, thFES] AF= 1AE A4F AU YA} Be {E5E didstd, F5A ol sk AR
H S A4 AFE0o|tDean, 1948; Ursell, 1950; Scullen and Tuck, 1995). kA2, o]#3F ATES FFA7} 24 ol&3te
EZXN AT A Heleks 2EFoE 2N FEA AR 11 B ezbgol o3 A vk 34
ettt AIZE k. ol A el HASE ARrd g @4 FAYEH R BAshet 23] 2HA A,
FeAe] AA olsS RAYSHA ] wwelth sFAt AAVGHAA THEEAA dAskE ok A ool EA
7} BE&IEA BASRE AfrE 3ot ERE, A 4T &5 £, A7 Zo] Fo= Qg EXS JsAE-s 43
7] A dRl AEE Fote] FEAY] &5 B AR avt th

A4 The] WA Aol oigh A4k dubdoE fAo HIdEA, HIsHA, RlEA S PEske EZHA f5 V)
1o & Ak thJoumnee and Massie, 2001). o2&t Z&E f-5 7|Wke] FX|ei4e AA QA& A3t s Fatel FfAlle] &
T A Eofoll wWol AEHAE 53], X 23} $Z(Numerical wave tank, NWT) 7I'HS T3l A3 28} 593 2002
2Ayst] BEiA 250 Ui A 2= S gy o] wo] 3%t Uzir and Koo, 2012; Min and Koo, 2017; Min
and Koo, 2022). o133 3] s14 7S o]&sly] F5AV) AAZ 255 43S mdisiy, £5A9 A Zo] 2 5
£5o)| wE Afrd 32 ALFsH thHolloway and Davis, 2002; Kim et al., 2019; Seong et al., 2022). 53|, Seong et al.(2022)>
2| Zukez 7S )83}, National advisory committee for acronautics (NACA0034) BAte] 54 %ol 23 A< 1t
£ At 43 AF9 vlwste a9 FEAHS AFsHATh

=3 A 5 i 5 B AARAIGEE &8st o7 AFEo] JPEUTE Tt 43 AdH 9 75 &5
o=z Q) WA= AETte] MEE THI A7 (Mnasti et al., 2014), HFZN(Drift angle)® -S-ZH(Angle of attack)S 43}
of A T2 B 243 A7deon et al, 2021), AAHFAIGE A o8t ARt @] FEAS frE
252 4% AT(Ren et al, 2023), T2 AP ALFAGES B8 A 18 o] A 502 HAshes AR
gt i3k ~2HEH 4 A7 Liu and Guo, 2013) 5 THU3F AFE0] Bk

olgsHE FEALt AHFHE ke f5 wstol| ot mho] WA} Mol Uik RS S olslsky] fllAE therst A
Zstel| e AEG FAEA AT o, FEAE AF ddlshes AU AFE T A4S Fefalof gtk AAE
o] gl nlg, FFAE A dUste B3 4L AST Ay ATe ol =8 AAola, AfgHe] EAshE =
Ao FFAE AR dRIste LA B3kt RS BAshe 712977 B asith
A

X

o
T
]
TF%
]
TF%

B ATME $5A olFel BE AR S £FA) HEAEI FF WSS 403 Aelstud, 4y YU Fe)
FAE £504 A Aol 7ME P 55 L TEL, AT o] WA A%k YL AZdT 1 54 B

shoith. 98 HAUE 449 BASH 2o HUD ERA A HHOE AT 45 wlsh SR Al G4 B, ol
weh AR Feld WA Bad Be8 @4 viad 47 selg ¢ Aok =R 4% 233 BUs F3A
3 H4g RARY 5 Qe oY $A A FRNumerical towing tank) S )83t TR FF Fkel A s)4g Sapa)
34y Aol wlastdck HA 4ol ZPE HY AZ gt TAE K S SR AL Astslel nag T, 55
A SE ofsl WS ARSE ste] st Aol pE G4 HHe] G elsign: B AFE 98 AUl $54
ool ol@ AfFE shel WA A3k AL oS 712H ARE A AFolth oUW 712 AuFo| FHHAG
W, BFHOR AR5 okloIA olFsHe £FA o157 BA 5 S8 AT BEY + g Aol



Experimental and Numerical Study on the Characteristics of Free Surface Waves by the Movement of a Circular

2.1 O|XK2 ofel ==
B AFos g {4 A FSAE AF o 2

A7 Zol9) oQl &=of wE} MASHE AR The] 2 HE AlSSta Ay BEAS £ Fig 25 94F AdY ¥
Fe] A BES ol 4]l 2o o BHe] Hd AW} FFAE folold dAG Ruolth 49l £ AP(Kim et
al., 2022a)2 It ae] o3kl FFA Al <

o ¥ EHg o3 Y, wols ¢FE 74, vidH-2 Z2]9s) Bld(Polyvinyl chloride, PVC)E A|ZtE]o] A|-f<rre] Hel9}
A AAHE AWl B2 ¢ Utk F5Alc 948 D] YUl FFOoE oojoirt BHE £ J=F T A 3w
FE = AZE R, 27 3 mm EE(Bolt) 415 AAst 48 AUGE AT S Z& o3 ol FxRo| Z3}
Y AlFste] 2 ko] AT Aalol] sl 2 BHe] IS Haslsldh dd 2 A A AAFH =

i.iﬂ

Table 1 Dimensions of the two-dimensional towing tank and submerged body

Object Parameter Dimension (m)

Tank length (L) 5.8

Tank width (B) 0.2

Towing tank Water depth (H) 0.77
Rail length (Z,) 4

Wave gauge location (L) 2.8

Body diameter (D) 0.084

S‘;‘;Efgﬁfd Body width (%) 0.19

Body position from tank bottom (/) 0.395

< s R N R %1y ey

Fig. 2 Submerged cylinder installed in a two-dimensional mini-towing tank

Servomotor Wave Gauge

gd Wire _Ui@ @

Fig. 4 AC servomotor and wire drum for towing the submerged body
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Fig. 5 Computational domain of the two-dimensional numerical towing tank
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Fig. 6 Ramp function for towing velocity
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Table 2 Experimental conditions

Parameter Dimensions
Submerged-body depth (d) 1D, 1.5D, 1.75D (m)
Body velocity (U) 0.3-0.7 (my/s)
U
Froude number ( F, = — 0.330-0.771
( @)
Reynolds number ( Re = %) 14,157-33,033
Towing distance (L,) 4 (m)

IRE FF = YA
T ZJol7} PR 55 Fdol A A ALE FE(Tetike flow)o] Z7F3HT ol A e] 9] 27V olo] A7 whEo 2 Bk
o} A FEA1e 71 2o} o] F 5o ME A E f-59o FEFo] AMrHe Ho Heldd %S Frhal & 4 lth

o = 1 TR

Cho (2021)8] 97441 B33k Hs} o), A2 oheloll A ol Bohe £ 3AI9] $57h BB H(ETE 5 F7h, e St o
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Fig. 7 Time series of surface elevations for different velocities: (a) U = 0.3 m/s; (b) U = 0.4 m/s; (¢) U = 0.5 m/s; (d) U = 0.6 n/s;
(e) U = 0.7 m/s (Continuation)
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