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Ltotal

Lbackground

M
M,
n

Ng

speed of sound
total resistance coefficient

propeller diameter

Center of buoyancy (aft of nose)

green function
enthalpy

Heaviside function
thrust coefficient
torque coefficient
fluid loading

Overall length

Length between perpendiculars
total noise level
background noise level
Mach number

relative Mach number
Normal vector

Number of propeller blades
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p’ acoustic pressure

Py vapor pressure
Q volume of sheet cavitation

Rnax Maximum hull radius

Swa Wetter area

t observer time

Ty; Lighthill stress tensor

u velocity

X downstream direction below the propeller plane

Greek symbols

a Volume fraction

(%) Dirac delta function

n viscosity coefficient

P density

c cavitation number

T retarded time of non-cavitating source
T retarded time of cavitating source

T stress tensor

W cut—off cut-off frequency of Gaussian filtering

Q propeller rotational speed
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Subscript symbol

00 Free-stream value

cav sheet cavitation noise term
L Loading noise term

ret Retarded time integrand

T thickness noise term

Mathmatical symbols

% Gradient

v? Laplace operator

Abbreviation

BPF Blade Passing Frequency

CFD Computational Fluid Dynamics

DARPA Defense Advanced Research Projects Agency
FW-H Ffowcs Williams-Hawkings

[FAW International Fund for Animal Welfare

KRISO Korea Research Institute of Ship & Ocean Engineering



LCT

RANS
RSM
VOF

Large Cavitation Tunnel

Moving Average

Moving Reference Frame
Reynolds Averaged Navier-Stokes
Reynolds Stress Model

Volume of Fluid
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Non_cavitating Cavitating
Flow speed - U, | 9.0 m/s 9.0 m/s
Pressure of Tunnel P | 197.0 kPa 73.3 kPa
Propeller roatation speed | Q | 30.58 rps 31.62 rps
Cavitation number o 6.0 2.0
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Fig. 31 34 o3 =d A

Item Dimension
DARPA Overall length Loa 4.356 m
Suboff Length between perpendiculars Lpp |4.261 m
AFF-8 Maximum hull radius . Rpax [0.254 m
Center of buoyancy(aft of nose) | FB 0.462 L.,
Volume of displacement % 0.718 m3
Wetter surface area Swa | 6.338 m?
INSEAN Number of blades Ng 7
E1619 Propeller diameter D, 0.262
Prop. Propeller hub diameter ratio 0.226

Table 3.1 &4 i F8 A
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3.2.1 A ulgg 2

7124 2le 3x49 Reynolds ¥+ Navier-Stokes #7424 (3-

dimensional Reynolds-Averaged Navier-Stokes equations, 3D RANS
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Pt (pu) =0 -1
2 (pu,) +aa (pusw;) = —a—" ar‘]’ +—( puu)) (3-2)
% (phyoe) — + — (pu heot) = (ll ::] ) Bix]- (u;T;5) (3-3)
o= —) .

H o f-5Multiphase flow)S s4dst7] {4 A A (Phase
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olZ ¢ 9o RANS WA27 #7 te AHEBE BHALS

A3l &l A 51 TH 22l
% (pq“q) + aixj (pqaq“j) = Sag + Xg=1(Mpq — Mgp) (3-6)

FF 52 H FF7IE o] FoX ol #&(Two-phase flow)

p :Zé=1aqpq (3_7)

W= X2 Agliq (3-8

2 G-0elA S, £ AHEE dFd 2zFolm, 2204

(Secondary phase)?l FZ7]o ths] WAL WA A5k, 2

)

3-9% °]& 3t 14 (Primary phase)l Eo uiste] A4S
Shiisy
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Gm1ag =1 (3-9)
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Gy = aaTR (pweu’u")) (3-1D

9 -
Dry = —a—xk[pu’lu’]u’k + p’(6k1u{ + 6lku1’)] (3-12)
Dy = 5 [ o (') (3-13)
ou; ou;
Py = —p (W 5L + Wy o) (3-14)
ou, | ou
by =p’ <a—zj + 6_1:) (3-15)
e = —2u e 2 (3-16)
1 Maxk axk
Fij = =2pQy (UumEikm + WUmEjrm) (3-17)

A7) A Zharo] ojmdt= vh= T 2tk ;32 Convection
term, Dry ¥ Turbulent Diffusion term, Dpy @& Molecular
Diffusion term PB; &2 Stress Production term, ¢;; @2 Pressure
Strain term, ;%2 Dissipation term, Fy3&- Production by System
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0 0
at (pvav) + a_x] (pvavuj) =R, — R, (3-18)

Mul g ol A sfAS 98] thkd mdEo] AAFHO gfom H
Aol A= Schnerr-Sauer =218 #8399 tH29]. Schnerr-Sauer
g 7]E9 7|x9 Ass UE = Rayleight-Plesset 3782l &

destd FeE slxe) 4% JMEE, gAY B 39T 29 A

do Jake FADT A mde] 2233 71X AARE o
3} 2t
Re = 22 a,(1 - ) - [2P2F, (p < py) (3-19)
Re =22, (1-a) - [F28, (0 2 ) (3-20)
1
= (L3 1) -
RB h (1—av 4T nb) (3 21)

o] W p,= =71 (Vapor Pressure)S UERAH, n,= @9 AF

G =S, 2D 0 e 242 719 Bo RS et
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Fig. 3.2 3|4 AA AAA

Fig. 3.3 537 949 AAA

%

Body Propeller | propeller
vicinity
Prism layer thickness 0.4 m 0.02 m 0.005 m
Number of prism layer 23 17 12
Thickness of near wall layer |5x 10™* m 1x107° m

Table 3.2 Prism layer AAZ A} AR
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Abstract

Numerical analysis on underwater propeller

noise with hull-appendage effect

Choi JiHun
Department of Mechanical and Aerospace Engineering
The Graduate School

Seoul National University

The underwater propeller noise, which is considered to be important
for the survival and operational performance of the warship mainly for
military purposes, has recently been attracting attention from the industry
in terms of marine pollution problem. As a result, many researches have
been conducted on the noise of the propeller.

In this paper, the CFD analysis of the non-cavitating/cavitating
condition for the entire vessel domain is performed with considering the
flow interaction of the hull-appendages-propeller in the flow analysis
stage. And the discrete frequency tonal noise is analyzed based on the
CFD analysis. The flow analysis was performed using STAR-CCM +, a
commercial flow analysis program. And noise analysis was performed on
the non-cavitating/cavitating propeller using Ffowcs Williams-Hawkings
equation based time-domain acoustic analogy.



The results of flow analysis and noise analysis were compared with
the model test results in the large cavitation tunnels of the KRISO. Noise
analysis results showed high accuracy in the low frequency band.

Through this, it is possible to predict the total noise level of the
underwater propeller and the noise characteristics of the low frequency
band with high accuracy, and it can help to the low noise propeller
design.

keywords : Underwater Propeller, Acoustic analogy, Hydroacoustics,
Computational Fluid dynamics(CFD), Model test
Student Number : 2017-22969
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