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Model test study on the nonlinear wave load of wave-piercing
tumblehome ship

WETI Yue-feng, LIU Zhen, XIA Zhao-dan

(Marine Design and Research Institute of China, Shanghai 200011, Email: yfwei2015@163.com
2. Shanghai Key Laboratory of Ship Engineering, Shanghai 200011;
3. Key Laboratory of Waterjet Propulsion, Shanghai 200011)

Abstract: In the present paper, model test method was adopted to study the nonlinear wave load
of wave-piercing tumblehome ship. Firstly, the nonlinear freak waves are simulated in the towing
tank based on the linear superposition of regular waves. Furthermore, the model tests of wave
load for the wave-piercing tumblehome ship in nonlinear freak waves have been carried out. The
test results of the nonlinear wave load on the hull in freak waves were compared with wave load
induced by conventional irregular waves. It can be concluded that the nonlinear wave load
induced by freak wave is serious and should be paid more attention in structure design of ship.
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Experimental research on the ice-propeller collision effects to
hydrodynamic performance of marine propeller

WU Shen, SONG Ming-tai, ZHANG Guo-ping, RUI Wei

(China Ship Scientific Research Center, National Key Laboratory on Ship Vibration & Noise, Jiangsu Key
Laboratory of Green Ship Technology, Wuxi 214082. Email: wshahal983@163.com)

Abstract: According to the ice-propeller collision effects to hydrodynamic performance of
marine propeller during navigating in ice area, ice-propeller collision experiment is simulated in
cavitation tunnel environment. Ice-propeller collision processes and history curves of propeller
hydrodynamic performance are collected by high-speed video and hydrodynamics
synchronization measurement. The experiment results show that ice-propeller collision processes
and effects are different in different model ice size, release position and propeller operation
condition, as model ice motion is affected by propeller suction, gravity and buoyancy. The
amplitude of propeller thrust fluctuation caused by ice-propeller collision has a large proportion
to its hydrodynamics in uniform flow, which increases with the model ice size. The continuous

impact loads can cause propeller hydrodynamics to oscillate greatly.

Key words: propeller; ice-propeller collision; hydrodynamic performance; synchronization
measurement; impact loads.
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Research and verification on the technology of environmental
measurement on a platform

CHEN Wen-wei'?, CAI Zhi-wen'?, LIU Xiao-long'?, SUN Ze'? ZHANGHai-hua'?,
YE Yong-lin'?

(1. Southern Marine Science and Engineering Guangdong Laboratory (Zhanjiang);
2. China Ship Scientific Research Center, Wuxi 214002, China;
Email: cww691023@163.com)

Abstract: Environmental parameters are very important for the design of ocean structures.In this
paper,an environmental measurement system on a platform around a reef-island is introduced. By
the measurement system, the parameters of weather, wave and current are collected, and the
characteristics of environmental parameters are studied in detail. These parameters are also
employed for the future design of ocean structure. The environmental measurement system is
also meaningful for the operation of the ocean structure.

Key words: reef-island; environmental measurement system;cross-scale wave model.
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An experimental study on flow kinematics of dam-break in a tank
TAN Ting, MA Yu-xiang, DONG Guo-hai, NIU Xu-yang

(State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian, 116023.

Email: yuxma@dlut.edu.cn)

Abstract: Experiments have been undertaken to measure velocity fields of dam break flows over
a horizontal dry bed impacting a vertical wall downstream the dam. A new experimental setup of
dam break was presented to provide synchronism. Particle image velocimetry (PIV) techniques
was used to quantify the flow kinematics before the impact. Then impacting-induced turbulent
flows with air entrainment was measured by modified particle image velocimetry techniques. In
order to obtain a statistically robust ensemble mean, experiments were repeated 20 times.
Experimental observations regarding liquid height and wave front speed before the impact have
found to be in agreement with existing literature, and to be sort of different from the theoretical
solution of shallow water equation.

Since theoretical study of the wave impact process has been able to gain little from the
traditional theories of water waves, the velocity fields of overturning dam break flows trapping

an air pocket as it strikes the wall can be used to validate numerical models.

Key words: particle image velocimetry; bubble image velocimetry; dam-break flow; two-phase

flow.
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A modified bottom shear stress model of nonlinear waves based on
phase difference
XIE Yi-gin 2, ZHOU Ji-fu"%, WANG Xu
(1. School of Engineering Sciences, University of Chinese Academy of Sciences, Beijing, 100049, China;
2. Key Laboratory for Mechanics in Fluid Solid Coupling Systems, Institute of Mechanics, Chinese Academy of

Sciences, Beijing, 100190, China; Email: xieyigin@imech.ac.cn )

Abstract: An oscillatory flow model is built to investigate the boundary layer beneath nonlinear
waves, using Navier Stokes equations and large eddy simulation method. Based on the numerical
model, the bottom shear stress of forward-leaning waves and cnoidal waves are studied and the
fitting formula of the phase difference between free stream velocity and shear stress with the
degree of forward leaning and the degree of asymmetry are obtained. Then, a segmented bottom
shear stress model is acquired through modifying Nielsen’s model with the formula of phase
difference. Comparison with experimental data and numerical results shows that the modified
model can reasonably describe the characteristics of the bottom shear stress under nonlinear

waves.

Key words: bottom shear stress; phase difference; nonlinear waves; oscillatory boundary layer
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0.3 107.404 0.3076 2.53
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R2OBS3:+MERARBULHTEHEAMNRE (ER)

g Fr A =& VR B E O E BVIREMNEE A X R =
kg/m? NTU kg/m? %
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Testing technology and application of standard suspended sediment

concentration field based on Mechanical automatic agitator
GAO Shu-xian, HAN Hong-sheng

(Tianjin Research Institute for Water Transport Engineering, Ministry of Transport, Tianjin, 300456,
Email: gaoshuxianqixi@126.com)
Abstract: In order to solve the accuracy problem of sediment concentration measurement in
water, a mechanical suspended sediment concentration field device was developed. In this field,
any standard value of sediment concentration in the range of (0-30) kg/m3 can be prepared. The
sediment concentration of the standard suspended sediment concentration field were tested and
calculated by automatic mechanical stirring sampling and using drying and weighing methods.
The test results show that the uniformity of standard suspended sediment concentration field is
less than 3%. The turbidity measurement value of obs®" turbidity sensor with the measurement
range of (0-10) kg/m3 were piecewise fitted with the standard value of sediment concentration of
standard suspended sediment concentration. The correlation of fitting curves was not less than
0.98. The test technology and device of standard suspended sediment concentration field can be
accurately and conveniently used for the calibration of sediment concentration measurement

equipment in water.

Key words: Standard suspended sediment concentration field; Drying and weighing method;

Uniformity; Coordinate transform; Calibration of sediment concentration measurement equipment
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Research on ship resistance fast prediction model based on stacking

FU Wan-qian, LI Ting-qiu

(Wuhan University of Technology School of Transportation, Wuhan, 430063)

Abstract:Based on the residual resistance coefficient test data set of Taylor series standard ship
models "), an integrated learning model for rapid prediction of ship resistance is established by
using stacking ensemble learning algorithm. The data sets were randomly selected as training
samples and test samples, and the mean absolute error, mean square error and determination
coefficient of the real and predicted values of the test samples were used as evaluation indexes of
the regression prediction model. At the same time, under the condition of the same other
parameters, linear interpolation was made for four groups of different width draught ratios, and
the residual resistance coefficient was compared with the prediction results of the regression
model. The results show that the first mock exam is more accurate and generalization than single
model, and it is feasible to verify the Stacking based fast ship resistance prediction model. It also

provides reference for the selection of approximate model for ship resistance rapid prediction.

Key words: Ensemble learning; Stacking; Regression model; Taylor series ship model residual

resistance

- 526 -



F =t WA EUKE R 2R R

RINALR XK 54 5 R R S
L8R SE R A/ 53

IV R, K, HE, Lk, Bikib

L=

(EB R K S Z 2B, Biad 211101, Email: wangshaodong18@nudt.edu.cn)

RE: £ ARE KX, BRAME IR AL B IR E T ACE 77 A Ao [ AE A8 B 1E ] 89 5K
BAE, XAREERFRFTETAMT ALK EWEFH LR KRB EM, FHA
RWE =271 7 1% REB AT A B AR A K. ERZH: ACF AR B A
KFERA AR TR, EREAKEEFELT, WENAKFERAARTEE: XF7
HAEAARNERERAEZ AR B “NEE” Kt EHRKBELT, THEE
M “REE” R E B, HRFAART AW IE TAERN TR Z 20
FEHMFRE

KR WML ACFAER; BUR&A; 1R AR

1 515

B 5 AT A SR T Y A P BRI R RN O, B FH T i v SRR FH 1 8% 2k v
ARG I BCE AN TAE SR BB H 2538 0, AR TR i 7= SR RIS AR X 2 e Fa e,
PRI T B R AN RS AN ] ek S st A e TR S5 M) ‘& s AT 2 B iy, Bl ande
R 2 A NS, HR A KRNI KRIETLTK, 22—k, BRREm R
PRUEHEE N R B, HImw AERE R e s, o= A fph i 8 v] 3 B0 RS s 55 H
BRIR. H TR M BT AV HR PPl P AT 3 5| S 1R 98 57 B RN AS T Bk
FIRTT, R B 78 P AL X 7K A T S5 /P () 28 g R e A S 2L 1) AR IMEL

S E R G R R IZ TS, Qg ey, WIS 18 A i
GRS, R WAL AR TR 25 MW F DRt it a2 DR g e TR s i) fa
PEEEA 2 5, 20 e 5 OIS (AR AR FH R T — R IR 5T, Cai 2% ] Morison
ANROHT T KA N IL IR 5 SRS e, UESE /N ELARAEAE 32 2 N3 E )
ARSI 10 50 L, 3 R%PET KdV. eKdV fl MCC #if, %54 Morison
NS E VA T) = e s = MYA L2V 2 I A2 (A L B YA &= R il N P A7 B I BB LB i ey e e
3 bt A D7 388 B 948 PR Y Ik 2% Sk A5V 57 T TH K ) ST AE B N IRST 3 T 32 B)

- 527 -



F =t WA EUKE R 2R R

A2, BUERA T BB NI IR S AR . B T TR i A S
W AE e SRR, FE A T NIISZEIRAE . B NSRS R 22 . TOE 9K ) S B JEL X ST A5 )
JS7 (I » Cheng 0B RRAIL T [BA05 IE043 06F AN [0 98 8 1A AN S 3 28 B B, 4 SR 2 T [ A
PRIRHT 5 MR XS FR )90 e it ¥ 52 m 7K P D EEAN AR BE_EAR AL . B BRI AE S5 1 4,
TR 235 ¥ A JE A B PE 5 F B o LS5, Yin 2519145 & mKdV B8 A1 morison A 3K,
F G A F /A, R T AR TR A R AL S T R R TR R AR R ) g A )
SRS %, Du A AT SR 00 IR KRR TSR, (LB T ) A AT 38 0t
AHRTE R I K- A () 7 SEBRRH 9T, Fi B TR 2808 T B0 PR 8 225 400 738 A L 4 52 i A AR 1Y)
5% F1REME . Ermanyuk A58 o 5296500 B2 R P9 AT - (5 A AR B AT T
RALTEFE, RPN 25 LRI Bt — 4Kk 5 1138 7 A R B 5. Wang!' 4T 8 T
RHA) A AT 5 AR T8 AR B R AR M S Be it 98, W& 1 k5 8 A R ELAE FH I % -
MIAHEERI I ZLEVE R 77, 45 R 7R W ANSZIE NG A B S 255 5 e A 4 F) 7K P R e [/ FH D

HAEr, 28005 3 2EF T NILP S B AL BB BAE AR TAER, 1 PRz
PEIREE R 7KV [ A A 7 A 52 J 7 A0 (R0 B i A R TE o T KT RS AN 7 A B T AR EAN A A
H I, S NI BAE B0 S e 1Rt IR 22 e o AR SCHUME R Y
53 JE TR AKAE I i A AISZI T 7K ST RS AL 7 AR A AL 7K 3 g 3 () S 3 it 7, d o ] A%
3 R WIS 5 7K R A 7R A BAE R S5, [R) I g B B A 20 o 32 7K~ S 2 [
YERIZ7, % b A AIRSZIBONT IX PR Fh A 2L (4 F 034

2 SEEAESIIIA

SEBAE KR F1 304 ORI R HEAT, KR RN 1200emx120emx100em (4 X %
XU, MEHEIREE | PR, B R R oxyz , HUE M o G TR AT 5 1
i L phOKTET R SRS, P IE x KR R A 7, IE y B KR RTRE, R IE 2
VKRR T2 Lo 4 RT3 = f0 BT M D B, 500 N T8 0 M o
B SRR U s o el pk R R S SR b R p, Horhi=1,2
SRIRE ETERE, EERN p,=998kg/m’ %K, FTEN p,=1016kg/m’ (5K, MK
B H = hy+hy o KT R RSR A LR, HAC BRI L4240 30 [ = 39em i
d =5cm, FEHIHKE B T M x = 600cm (b, BRGNS 7 tH T KR 2
4.

S T ORI, L, D, 4 BN T 377 5 R AR o 5 e e P A
SRR, R B s T P e T 1 TR P 2 B A AR B A 5 R BT 3

SERER B, FELWRIEITE S 1 D7 38 2 A 8B T A AR IS 7E Ao
B 1 (x =490cm) b I 1 55 J 3om 94 7 AL S Ak O Sk 1P, G sk
SRR 933 Hz , Wi 6] 10ms , JRORERE 2520 TR, DUIETRIIY . SRR
(1) 85 40 ST

- 528 -



F =t WA EUKE R 2R R

W

B | . 1 ¢
o by i : B b
] . [

Wik R ——

m AL

Bl 1 s e A s

0.0

-0.14

-0.2- o

-0.3 1

0.4

Z/cm

-0.51

-0.64

-0.7

'0.8 T T T T T
995 1000 1005 1010 1015 1020

p/(kg/m?)
2 SEER ) R R A A

KBt Bon BN, & R RN LIC T R A AT 5 KPR 45 AR B4R A AT
PRAGEE L, DA I 7 P oAt 2 3 ) 80 388 A9 ST 988 P R 8 0 2 A TR AR Ak o B8 32 38 P ST
W IVE 77 B0 =50 J1AR I A8 RS I 5, A% SR 5 A TR 4 R R i o 4K S R 1 1
ST, LRGSR, RS RT TR E ) RS A S
ER J1 KN

F F
BEMNE¥: a=a/H: n=z/H: v=h/H: C =——> . C =—"2 .

INEENSE: a=a/H; n=z,/H; y=h/H; C, mef‘leQM’
Hrp, Hrep, n ABBEER, FAE 5385 0KFMER(N), Ap A
p,— P, (kgim?), g REIINGELE(M/S®), x AHESREATE AT E, LT
BN 1 fis:

-529 -



F =t WA EUKE R 2R R

=1 RETR

Tt FET% L,(m) alH hy | h, plp, NM=z,/H  x(m) x,(m)
T1 Ik 0.6 0.078 2/6 0.979 0.25 4 4.9
T2 B 0.6 0.074 2/6 0.979 0.25 4 4.9
T3 JikE 0.65 0.083 2/6 0.979 0.25 4 4.9
T4 iR 0.65 0.078 2/6 0.979 0.25 4 4.9
T5 Tk 0.7 0.089 2/6 0.979 0.25 4 4.9
T6 [5 A 0.7 0.089 2/6 0.979 0.25 4 4.9
T7 Ik 0.75 0.106 2/6 0.979 0.25 4 4.9
T8 JikE 0.75 0.113 2/6 0.979 0.25 4 4.9

3 SEEREi RS

3.1 AR SR EHEEEERARBRE

HURE T 2k [H =025, =025, $HPF5EE L,=0.75, B 3 Nk
TFERIZ ALK T FEE N IOT AL AL A2(BRT), A3 () A4, AS (BE) 4t
FI GBI 2E B o AL A7 B ALY W IEE N P AT 98 35 G 35 B IR R v 32 380 1 A /K SPImA R
FH AR I 2% LI ISR i, A2 A B AR TT LR e 4k Sk FE I 5, A3 L B T %R
e AR, T AR RN R & L E T R SR SR IR E, BE B4k S ATAL iR, A4 AL E B
T AR N 2 R EE AN E TS KGR B T8, AS A7 B AN G HAR R E 8 th ks, Baisiab T
WANIREERAAS, P T a4 % Ak .

B3 PAISZ I S T AR A AR R AT LA

- 530 -



F =t WA EUKE R 2R R

Kl 4 AT ERIZ AL BIKF BIAELE AL-AS 4R . 72 A AL AT & i B I 4G
[RIAE AR T A 5 2 VS AL AR T L W R JE Rk e, B Ak SeA 4%, 12 A2 7 B ALK
I iE S K S BURMAE AL e GOk AT ah 0 85, BEMIAENL B A3 BEFTE BN £ fie I 72
IRE R B, 2R Bt N R (K Ad). A8 AS b BFE BRI P AL 1
81 BB ARAT MR T, SOTERERREL B REES A TR AN AR,
e B AR A

MLt AT AL S R AT L, PR R LE PN AT 0 A0 P AN 2 2 Y B 2 (9t 3 70
A eI G, IR G SR AR, T2 23 P AR I S A iba Tt AL 5, o M OS5 i AT
RIMI 040, SASFEAR 32 2 1EAZ TR 5 17 8 IvE AL ksl T 70, S BUER A2 7
TR .

K4 AL SRS KPR EAR A T4

3.2 AAKFAEAFBIRIIRAER D

32,1 KFER A

BUSEs Tl 02/ H=025, #iEn7=0.25, 43508 HH 5% E 1,=0.6,0.65,0.7
0.75 B NARSLES AP I FEREFE IE R T, B 5 A EREIR G O 7K 5 A A B A
AR 71 R BN ARG o A RTE P AT 5 00 0 28 28 P 2 2257 B 1E [ /K Fim sh B, T
ZF H AL I W 2 52 B S [ KPR B AR, A4S & SR I 00 7 A AR B 7K P4
REC B ARG RSG5, B IR E R BN [BIA S 52 B 7 1A BRI IE [ HE Ty, i Ja
AR T AR R BRI RE 2T, TE ) HE g B 5 R 35 I i 38 K, T e 47 7 I 8 44 o 4 e A

-531-



F =t WA EUKE R 2R R

N B 6 RO R B T AR ) BB C,, BRSO, 49 3 5 5
SRR, ATTRSORENNER, MAPTREI R C, BRI, BITREC,,

HO A TR, B BEIR I R TR € Bk TR, k7 b i A T
EURE RS, b 0 B8 R 8 0 AT 7 R K A T 7 S K

Dl 0.020
ikt ——1,70.60
- = L,=0.65 00154 EIHE L;=0.60
< - L=0.70
0.02 o = =L=075 0.010
S . 5% 0.005
0.00 0.000 e
-0.005
-0.02 : . : : ; . -0.010 ; ; : ; ; ;
o 20 30 4o 50 60 70 80 020 30 40,5 60 70 80
s

K5 ARBETEOL AT AL B KT 70 RERs

0.025
0.020 +

0.015

CX max

0.010 1

0.005

0.000 —_—

Bl 6 KI5 AN A (0 7K~ g A I I8 W A Ak

3.22 &&atERA A

Bl 7 DA [RIBMEAR 0 R 7K ST 7 A A0 B A (1 2 ) /R F 0 RN B AR A I . BB gk N
SRR AR FE TR AN, BT A A IR MR 2 B LR N LA E ), [
I T B T LIRS 3 IR VR ) el 3 ) g R B C e A7 mp 3G K, A3 XU g 7 AR
AT T R N ILMGE Ty, FEC, A RIS AR R I SR R, BIFERZ )
T AR A AEAE A 2 [y WAL, b n] D74 C PRI ADURH 55, T [RAS: 1 AR dze /N T R 0 AR

-532-



F =t WA EUKE R 2R R

1117 R 2 R 0 P T )T ARG B 38N R RIS BT S 0 S R R SR,
(SLOR UV 1)ERISCIE: NP e s a2 e 0P UM MR AT S NP E s s S TR R 2 T
B IO SE IR AL, A SR B I 200 P Mo 2R i 32 3 ) 9 48 B2/ MR IR 5 381K

WnfEl 8 ARG A AR ) R C L BRI, 2 DR 100 T T A
MU [a) Sy VA 3 M BULAE SRy, NSRPBCIRHE I, (64520 (m B BrRtsh g o, (EDG AR 2 i st
ER LRI J B R ARAC S AN K, BT AP C | FEOIE S N £ BLARZe 424, KT

IR LT IR €y 3B KT AL, 8 MR B Ioxe 7K1 5 A (0 2 17 41 T 75 mi 3
Ko

0.024 HkE: | [ AE

r T r T T v -0.06 T T T T T T
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80

K7 AR AR 150 T 7K ST 7 A R R A P 2 [ g R4
0.00 : : :

o e e —a— 7k
-0.01 1 1 ‘ - m- [

-0.02 4

-0.03 1

Cz max

-0.04 4

-0.054

-0.06

B8 /KT AR R £ 1) g e o s A A e

- 533 -



F =t WA EUKE R 2R R

4 gEig

M A R, R GO R HR 70 I 1R MR A AT 38 KT I A
AT AR AR F -l & 4, TR R FH =20 B el ity 7 A TR I 2 17 R A7 P I
BB T REHI e, SR E AR

(1) AKFI7 BRI AR TR A P ARS8 A N AR S5 AT E T, P XA 2
o U R Bl 7 B AT et RO, AN RV R AT D7 FE U 3 R BN 25 T R R 1
AFR R IE, AR S AL FEAE T HEH KUINE A B . PR (A 38 P AL Y B
2173 B A e Bt T R (AT AP 52 1 BN R 2% o

(2) PIMERL S 2 BV TT BRI IE R KP4, TS $e A D 77 1m0 AR I 0 5 1) 7K~
LAy, PR R KPR BE A IR I N T iE oK, (EUT R BT IRAE, S K
IR TR K

(3) PIRMEAL S B NN, MR RO IR BT, AR S K IERE
VB “XUEAE” Rk, TrAEE . RIEEITAUARSE, I B & W e N TR0 . [R5 2 A F
ISR E SRR USRI LI

Sk

1 Cai SQ, Long XM, Gan ZJ. A method to estimate the forces exerted by internal solitons on cylinder piles.
Ocean Engineering 2003; 30:673-89.

2 Cai SQ, Long XM, Wang SG. Force and torques exerted by internal solitions in shear flows on cylinder piles.
Applied Ocean Research 2008; 30:72-7.

3 HXR LA, T, S BB S5 P IR AT S 06 M R B [T]. 70 2 24k ,2013, 45(05):
716-728.

4 GKHT, FREME, AMLAE. b N IRST s h TRGK 0 S AR AR A R BT (D). AR 3%, 2019, 23(02):
41-49.

5 Cheng M H, Hwang R R, Hsieh C M. Numerical study on the transformation of an internal solitary wave
propagating across a vertical cylinder[J]. Applied Ocean Research, 2020, 95: 102016.

6 BOCH, SRiEe, REVEAE. WAL AKCF BB R AE 0 80 THSRL ). WK sk (T4 RR), 2016,
50(7): 1252-1257.

7 Du H, Wei G, Gu M, et al. Experimental investigation of the load exerted by nonstationary internal solitary
waves on a submerged slender body over a slope[J]. Applied Ocean Research, 2016, 59: 216-223.

8 WHE, BRI, MK, & i LA AL R AR K H AR B R RO/ I PRI, 022574, 2017, 49(6):

-534-



F =t WA EUKE R 2R R

1260-1271.

9 Ermanyuk E V, Gavrilov N V. Experimental Study of the Dynamic Effect of an Internal Solitary Wave on a
Submerged Circular Cylinder[J]. Journal of Applied Mechanics & Technical Physics, 2005, 46(6): 800-806.

10 Wang S D, Wei G, Du H, et al. Experimental investigation of the wave-flow structure of an oblique internal
solitary wave and its force exerted on a slender body[J].Ocean Engineering, 2020,

11 Jrficte, kv, HEve NIRRT b [ N D). T & b IR R R, 2005.

12 Du H, Wei G, Wang S D, et al. Experimental study of elevation-and depression-type internal solitary waves
generated by gravity collapse[J]. Physics of Fluids, 2019, 31(10): 102104.

Experimental study on comparison of force on horizontal square
cylinder and horizontal circle cylinder exerted by internal solitary
wave

WANG Shao-dong, WEI Gang, DU Hui, WANG Xin-long, XU Jun-nan

(College of Meteorology and Oceanography, National University of Defense Technology, 211101, Nanjing.
Email: wangshaodong18@nudt.edu.cn)

Abstract: Experimental research on the interaction between a horizontal square cylinder and
horizontal circle cylinder encountering an internal solitary wave is conducted in a larger stratified
flume. The wave-flow filed of the square cylinder and the cylinder are visualized by using
dying identification method, meanwhile the horizontal and vertical forces on them are measured
by using three-component force sensor. The results show that the horizontal forces both on
horizontal square and circle cylinder enlarged as the increase of initial amplitude, and the
increase of the former is larger than the latter one under same amplitude conditions. There exits
“double peak” phenomena of both the square cylinder and circle cylinder during the varying
process of vertical forces, in which the former is more prominent than the latter under same
amplitude conditions. The relevant research results can provide scientific basis for the design and

safety evaluation of the cylinder in the internal solitary wave environment.

Key words: Internalsolitary wave; Horizontal cylinder; wave-flow structure; force characteristics.
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Experimental study on excitation characteristics of transition
zone near the bow of underwater vehicle
LIU Jin, LYU Shi-jin, GAO Yan

(National Key Laboratory on Ship Vibration and Noise, China Ship Science Research Center, Wuxi, 214082,
E-mail: liujin@cssrc.com.cn)

Abstract: The hydrodynamic noise in the transition zone near the bow of the underwater vehicle
is the main source of self-noise of sonar. The 33-element turbulent pulsating pressure test sensor
array of the flexible substrate which was self-researched and designed was used during the
pulsating pressure test on the surface of the model in the low-noise wind tunnel, and the
excitation load characteristics of the transition area of the bow surface and the end point of the
transition area were captured. As the incoming velocity increases, the peak frequency shifts to
high frequencies, and the transition zone gradually shifts to the bow. Comparing the test results of
the end point of the transition area with the theoretical prediction results, the error is less than
0.02m. In addition, the test data also provides direction for the improvement and improvement of
test technology.

Key words: pulsating pressure; transition zone; excitation characteristics; flexible array
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Experimental study on temporal-spatial characteristics of water
surface flow and underwater flow for internal waves generated by
towed body in stratified fluid

GAO De-bao, ZHANG jun, ZHOU Gen-shui, SU Bo-yue, YAO Zhi-chong,
HONG Fang-wen, WANG Jun, ZHOU Zhi-quan

(1. China Ship Scientific Research Center, National Key Laboratory on Ship Vibration&Noise, Jiangsu Wuxi
214082, Email: gaodebaol989@126.com, Telephone: 15052248226;

2. iangsu Key Laboratory of Green Ship Technology, Jiangsu Wuxi, 214082
3.Harbin Institute of Technology (Weihai), Shandong Weihai, 264200)

Abstract: In this paper, an experimental study on underwater / water surface characteristics of
towed body internal wave wakes was carried out in a large stratified tank. Conductivity arrays
were used to measure the underwater wave height and the time variation; the Particle Image
Velocimetry was used to obtain the internal wave-induced water surface flow field. The
correlation between the underwater / water surface characteristics of the internal wave wake was
analyzed. The results indicate,under low Froude number, the wavelength of the surface flow field
of towed body in stratified fluid is nearly the same as the wavelength of the underwater internal
wave, and the propagation speed of the surface wave is the same as the propagation speed of the

underwater internal wave.

Key words: stratified fluid; internal wave wake; surface characteristics.
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Numerical and experimental investigations on thrust breakdown of
high-skew propellers

WANG Jian-giang'??, WAN Chu-rui'?, KONG Wei-ping', ZHOU Min', DING Ju'*?

(1. Marine Design & Research Institute of China, Shanghai, 200011;
2. Laboratory of Science and Technology on Waterjet propulsion, Shanghai, 200011;
3. Shanghai Jiao Tong University, Shanghai, 200240; Email: wjq369889@163.com)

Abstract: In this paper thrust breakdown performances of high-skew propeller series are
investigated based on numerical and experimental researches. Hydrodynamic performances of
the uniform flow are researched in the cavitation tunnel. Also cavitation experiment under
non-uniform inflow conditions are conducted to figure out the cavitation patterns.Corresponding
to experiment researches, Hydrodynamic performances under uniform and uniform inflow based
on SST model and Schnerr & Sauer cavitation model are simulated. The thrust breakdown point
of numerical simulations shows great consistency compared with experimental results. Compared
with experimental observations, the computational results closely reproduce the main features of
sheet cavity patterns. The patterns of the tip vortex cavity in the numerical simulation are not
very consistent with the ones of experimental results. Based on numerical and experimental
researches, the relations between thrust breakdown performance and area ratio are investigated,

which are valuable to propeller design and optimization.

Key words: High-skew propeller; Thrust breakdown; Cavitation pattern; Cavitation model.
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Experimental study on three dimensional flow field of a
swimming fish based on Tomo-PIV technique

SuU Bo—yuel, GAO De-bao', ZHANG-Jun', WANG Hong—pingz, WEI Run—jie2

(1 China Ship Scientific Research Center, National Key Laboratory on Ship Vibration&Noise, Jiangsu Wuxi
214082, Email: 649447793@qq.com
2 Beijing Lifangtiandi Technology Development Co.,Ltd. No.120 Huayuan Road, Haidian district, Beijing)

Abstract: Fish swimming has excellent performances such as high efficiency, quietness and
strong maneuverability. It has become a bionic object for the research and design of underwater
vehicles and air vehicles. Live fish swimming test and flow structure analysis is one of the keys
to uncover the mysteries of fish swimming. Due to the great uncontrollability of fish swimming,
its flow field test is difficult. There have been some flow field test studies on live fish swimming
abroad, and some domestic scholars have used 2D PIV technology to measure and analyze the
live fish flow field, and obtained some valuable data, but only two-component velocity field. In
this paper, Tomo-PIV (TomographicsPIV) technique is used for live fish swimming test, trying to
capture the three-dimensional flow field information in the wake of the live fish swimming .
Through data analysis, the evolution of the spatial flow field and vortex structure during fish
swimming is obtained, which provides the basis and support to reveal the hydrodynamics
mechanism for the efficient swimming of live fish. In this paper, Tomo-PIV is used to capture

three-dimensional flow field information in the wake of live fish swimming.

Keywords: live fish swimming; Tomo-PIV; three dimensional flow field; vortex structure
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Experimental study on gas suspension in yield stress fluid

GUO Bing', WANG Zhi-yuan""? PAN Shao-wei', LOU Wen-giang',ZHANG Zhi
(1.Offshore Petroleum Engineering Research Center, School of Petroleum Engineering, China University of

Petroleum (East China), Qingdao 266580,*corresponding author Email:wangzy1209@126.com; 2.Key

Laboratory of Unconventional Oil & Gas Development (China University of Petroleum (East China)),
Ministry of Education, Qingdao 266580, P. R. China)

Abstract: Gas-liquid two-phase flow in yield stress fluids is widespread in petroleum drilling,
food processing, etc. However, the current research on gas behavior in yield stress fluids is
mainly focused on the bubble rise velocity and single bubble suspension conditions.For the
critical suspension conditions of multiple bubbles and gas suspension concentration ,there are
few studies. In this paper, an experimental study of gas suspension in yield stress fluid was
carried out, and the geometrical size distribution of bubbles and the ultimate suspension
concentration of gas under different yield stress and pressure conditions were obtained. The
experimental results show that under the same yield stress condition, the smaller the pressure, the
more stable the bubble radius probability distribution, the larger the average bubble radius, and
the gas ultimate suspension concentration first reaches the peak and then decreases; under the
same pressure condition, the greater the yield stress, the larger gas ultimate suspension
concentration. According to the change law of gas ultimate suspension concentration under
different yield stress and pressure conditions, the critical condition of multi-bubble suspension is
finally determined, that is, Bi(ty/(pi-pg)gRs) is greater than 0.15, and the prediction model of gas
ultimate suspension concentration is established. The results of this paper have certain guiding
significance for the calculation of gas-liquid mass and heat transfer in the presence of gas

suspension.

Key words: Yield stress; Critical suspension condition; gas ultimate suspension concentration
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Experimental investigation of flow instability for supercritical
R134aflowin a heated tube

YAN Jian-guo, GUO Peng-cheng

(State Key Laboratory of Eco-hydraulics in Northwest Arid Region, Xi’an University of Technology, Xi’an
710048, E-mail: guoyicheng@xaut.edu.cn)

Abstract: Organic Rankine Cycle technology, in which supercritical fluids are adopted as
working medium, is an important means to realize the efficient utilization of medium and low
temperature heat sources. However, the flow instability caused by the special thermophysical
properties of supercritical fluids is the bottleneck restricting the efficient and stable operation of
its energy transmission system. In this paper, a typical supercritical organic working medium
R134a is used, and the experimental study on the flow instability of supercritical R134a in a
horizontal heated channel is carried out. The range of test parameters are: system pressure p =
4.5~5.5 MPa, mass flux G = 200~500 kg/mzs, heat flux ¢ = 50~150 kW/mz, inlet fluid
temperature 7p,; = 20~60 °C. The dynamic curves of supercritical R134a (pressure drop—flow
curve) under various conditions are obtained, and the influences of pressure, heat flux and inlet
fluid temperature on the flow instability of supercritical R134a are analyzed. The results show
that the supercritical fluid dynamic curve has multivalued characteristics, i.e., the dynamic curve
has negative slope region, which leads to flow drift and other unsteady phenomena. The flow
instability can be suppressed by increasing the pressure and inlet fluid temperature, but promoted
by increasing heat flux. The research results provide theoretical basis for design of supercritical
Organic Rankine Cycle.

Key words: Flow instability; Supercritical fluids; Convective heat transfer; Fluid dynamics;
Organic Rankine Cycle
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Characteristics of pitching moment of critically submerged plate in
solitary wave

YANG Kai-en', WANG Qian'?, LIU Hua'?
(1 Department of Engineering Mechanics, Shanghai Jiao Tong University, Shanghai 200240, China
2 Key Laboratory of Hydrodynamics (MOE), Shanghai Jiao Tong University, Shanghai 200240, China
Email: hliu@sjtu.edu.cn)

Abstract: In this paper, the interaction between solitary waves and a critically submerged plate is
studied through the physical model experiment and theoretical derivation. For different water
depths and different wave heights, the six-component balance was used to measure the
hydrodynamic load on the slab when the solitary waves passed. At the same time, the
Froude-Krylov force was derived using the narrow channel flow assumption, and the pitching
moment on the submerged plate was obtained. The theoretical derivation results are basically
consistent with the experimental values, and the composite parameters suitable for data fitting are
obtained through comparison. The experimental data was fitted by using compound parameters,
and the empirical formulas of the wave load on the slab with respect to the solitary wave height
and water depth were obtained.

Key words: Solitary wave; submerged plate; pitching moment; hydrodynamic load
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Experimental and numerical simulation study on the energy
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Abstract: The energy harvesting performance of tandem flapping foils has been studied. A
tandem flapping foils turbine is designed and tested in a circulating water tunnel.The global
phase shift® is adopted to describe the vortex interference modes, the effects of Strouhal
number St and @ on the energy harvesting have been tested. Experimental data show that the
efficiency increases and then decreases as St increases. The change of @ will produce
beneficial and detrimental vortex interaction modes. The hydrodynamic performance and the
vortex interferenceunder typical working cases are studied based on numerical simulation.The
calculated hydrodynamic efficiency is consistent with the experimental results, but higher than
the experimental results.

Keywords:tandem flapping foils; energy harvesting; vortex interference modes; experimental

study; numerical simulation
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SO RIG AN E FE 5 H R B 7 7 B e .

AL LB MGECARBAT R 5, R T b TR A o 35235 AR 12 Zh A
FE 45387, K FH ISO GUM J5 VAA0 ITTC HEFFEUFE XS 1058 1 72 o AN o BE VR IEEAT 1 AR E 44T
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i STF Yl iR MO 2 sl KA R S HGHAT 1 AN € BRI R 0P, 45 7 it
REPAST B IBEAREN (5138 BB 45 R A 2 L

2 AHRE EEVFRE T

B [ R JIF1059.1-2012 (I ARHE BETE 538D P o6 F Il & A H
TE BB 715255 A2 B B bR #E ISO/IEC Guide 98-3:2008 ( Guide to the Uncertainty in
Measurement) , HFK GUM i%. GUM {542 K H AN g B A% 7515 21 4t D0 == A5 v il
EAEETTE . GUM ETTE I E AT E FERP IRy ORI &1 e 3 @UHl&E
J7iE DR A DAL R FH B I BEhr . DB AN 2 Bl & R Gt O EE LAl & I B A R
G RIS B S R R AN E FE ORI . @OV 8 S A BRI EATERE: OitHEE
PR HEATE R ©FET RABE R : O EES R,

WREANEA € FEVT I8 T715 9 AARFIBIRVEE T77% . AJSVTIE A2 % 7E R e Wl & 251 R 45
R EAE FHGE T 3 A B D7 VAT B0 B AN i B 4 B BV s BIRVTIE & AN A -0 & AN
JE FEAFVTRE B T7 06 W AN 78 2 4y B AT B VP 5E
2.1 ARTHEERTEFRE

X E X, TEFR—2M FAT n ML ERWN, SFRWEE XG=1,2,...... n)e 13
ARSI X VE w0 & ) B A A, B

X=13x (D
Nz
A RPN B B AR A THEL PR AEAS 2 B w () 4% U5
u&ﬁﬂﬁz%% (2)

e s WAGETH A HTITHESAF LR A MHE i FISRIARHER 2 o) WEA
SEIAE X B ST bR U 2

A VP E S B FIFRAEAT E FE w0 B9 H BB SEIOFRMER Z s H B E. w05
n B EE, SRR EANG S FE RS, AT DL @ 2 i B AN A . A 2R
PV 58 o S0 AR AE (i 22 B4 1T 77 350 F DL 28R A 0848 1, LU SEIG AR HEDW 22 s(o)% T 201t
#,
- (3)

n—1
H HEEA v=n-1(n AR R 24002 XEE A, 10T B 22 A T SO0 AR i 22
2.1 BEARHEEITEESZE
B AN 52 FE VA AR E R MR Gt 45 3. 8 & 2 Al ki s
T EMRIGZL . R H R BAMIRAA MFES . B JERHE E b EZE R TR
B AN FE T e il i QAN o B AL

s(x,) =
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1/2

up(y): [g(;JQUZ(X")JrZE Z‘: aiaiflﬂ(xi,xj) 4

i=1 j=i+l aX/ aX»,'

fortte 7= £(X, Ky, X)), Y N UORIAE R, £, 5 R R AL
IR AR B U
U=rkuly) (y-v<v<y+0) (5)
Hrb kABERT, WS%EFXIERN, 4 =~ 2.

3 Iz AR T IR AN E R

P38 3 2 i L R AR B A PR 7 A r B R AR AT T AR O R PR /KT AT
AR N s AT R IR B SR RSB ) RGNS MR 5 1 A DR AR R AU, ()
I AC# 1— B AR R G TR R A A R PR RF o R — M AR 2GR AT BLAE
FERIRTRETT 1A 1.5m Ak, R D0 S AR I 1R o T 508 Bl i ) s A% ik as I A5 1)
FiAsE S0 A3 IR FE R A9 8, SN IS Sl B AR KOG ET FERRN A 2. BB Rt
W E A FIREFE T © JUATEEA: GRREMATC, i LK @ NEBRE:
B 2, BEIR RS R TP 5 S IR S AP s &, MRYE Lk TR S IR AR
FIMEAFERE; © R HERRKHER R, Ho ., SRS RIKSR A E L
@ WHRE: ORI R AR E AR R O ATE L, © WiRsi R Eahmi
IR S5 ROyt P2, WIG BRSSO IR A E L, © EEINE. EEIRE
HEIREHLAN E L -

‘*ﬁ’ﬂbuik—r{ R ->{4>‘(2§/Wit > ‘ﬁmﬁ]ﬁ% iﬁsﬁ%éﬁ%-{%%ﬁﬁ% §

AL LA

HFERAO | |

B ‘

B ‘

pllinwve ‘

[ e S ‘

K1 s sl RAR KR R AN E IR

4 BB R G AN 2 B A

iz B G R R A It (6) A (7), g T LIS B AN IR 2 8] R
KFo ORI, X F5EmIaZm ARG A E BE 1R AE B, HATRAEE . B H
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WA BHIRIE KRR AMERZIA B, AT STF V)7 IR L& AN E LR T . I
BRIZBIIREM R R .

7 =Za (6)
;a
17
- 7)
g

WRHE STF VI EEiE, BUE AR RS S AN FE SR EL AT o AR AR AE TR U 38
SIAERTEE, WA 6 B I EE B N L AR Y, B3 AIEE Y-

§ =a;cos(wt+e)  j=126 (8

Hra, RIZHIRNE, €, FRRNE j NMSENAXSTAAR R st b SR i A T 6 A
B 1 B s & AL 7 R T R IA N
i[(Mjk + Ajk )é:k +Bjkéék +Cjk§k] = Fjeiw

(9 M ORI — SR PR R > B, A A1 B PRI AR JE 2 8. iR
MBS A B RS AR PR, KT PR, SOALT (0,0, 26) ARUEMLIIBT A

j=1,2,-6 9

M 0 0 0 MZG 0
0 M 0 -MZG 0 0 (10)
0 0 M 0 0 0
Mjkz PR
0 -MZG 0 I, 0 —Ig
MZG 0 0 0 Is 0
0 0 0 —Ii O I

Hrh M 2R E, Z6 2E O TKREHMAE, 2% ) M EpfiaE. K
(8) &30 (10) Lt FO&BEF THUE. R, R, JO. HESSHSEE RN
FIRR. A, BT STF YR ETTERET, L&A € BN 12 3l B30 56 245 5 15210
KR, BEESAHEEREZ B LEN. FESRNT. OEdE. itE. weEF
BORASSA E BRI SE e, Sl 5 B AME 2 Z AP HEATE fE, FrdEATEE S H
BB 2 LEONABRS R AN 5 B s @ 25 AN U 1 S DUAE 23 ) s AT SRAR T, o] DAAS )
BN ANH R FE YRR R BAA, R B SEIIMEL RN H AR R TSR 45 R nT 4 BB AN e PR 5] AR
A E R, AhEE SRR AT ETEREG . O E E 0585 X bR A
SE FE 11 LUAB R R & AN R 1) RS R4, RAE & AN B VR 0 25 R s AR
4.1 BB LA HEE ST

B LA EFEATC . AR9E. PZKERA S, R KN 2.0m, 4.0m. 6.0m Z5 L
AU Co SRR KK EE Y 0.5 1,04 1.5) BEATASHE BE AT, SRASRER T UART i A v
ANHE L, i NV SRR P 345 25 AN e VR T A PR I2 3 1 RIS KRB € ) &2
2R 1A% 2,
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®1 RE)NANEZSHAEEERWS

BH R WERES Do o s wesiois
Lpp (m) 4.0000 1.0E-3 6.44. 2.64. 2.68 0.161%+ 0.066%+ 0.067%
B (m) 0.5884 5.0E-4 0.47. 0.65. 0.99 0.04%-+ 0.055%- 0.084%
T (m) 0.2180 5.0E-4 3.7 0.31. 0.01 0.848%-~ 0.07%- 0.002%

®2 REANWNESHAEEELWSHT

S0 Bl SRR, TV es i 1s
Lpp (m) 4.0000 1.0E-3 0.16~ 1.2, 1.92 0.004%-+ 0.03%- 0.048%
B (m) 0.5884 5.0E-4 0.48. 0.59. 0.66 0.041%-+ 0.05%-+ 0.056%
T (m) 0.2180 5.0E-4 1.07. 0.41. 0.04 0.246%-+ 0.095%- 0.01%

R s ST g, A U] 5L ) 6 9% PN FR AN i FE AR IS, ANAE WE,=0.5 T4 K
IEF] 0.848%. IXSEH TN TR, MBUESIRMEE DN, SEONHE R/ & ARHE R
Ko H b, MK L, 0T 35518 3 A0 2 BRI 1) RS REUER, 1968 T sk A AN T
T AR ARSI AR, A UART 51 2 AR AN S 20 e e 85 42 1 7E 80 /N (1 LA o
42 MEMNBTHREE

N TG BRI B IS BRI e B, 76 S S AN o FE AT VA o AR 550
IR UE B A ER T . 15 B0 I E AN LK 3.

F3 UBUNETHEE

& &S5 " T A AR ARXERRAEANH
LT 1 FE HEE TR I 500kg +0.5kg Y514 0.078%
frI AR IR A BORI +250mm +0.6% B 0.2%
Bouliretekas  BEMEKB A 0.5m 0.03% B A 0.01%
T AR A 3 1] JI1 3 & +9.81m/s -0.33% B3 A 0.11%
JeLTFEIR PhE +180° 0.012% IER i 0.004%

43 BERARTHAEE
B R R T O AR ARG P AT, SR ISR G WO R bR AERE D 324 T
EOBENER., HEMENE 2.

2 AR FEERER
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WRYE-P B, fAAYCE S, WS R T RIA
D~a1-sin0+W-az-sinﬁszmcos(H-kﬁo) (11
MR b 2RI A5 1 fir e 5o = ATVRK 5% i 5 1 JEE 2 8] PR 5K 2R o AR 58 BRI B Do B R J
R ERRIR ARG L, WS TIRA GRS, 0T . 7GRS M 58 15
B,

T

—\2
r [—j g (D-a,+W-a,)-D-a’ -1, (12)

»w

Hr: L NTVBREEEN &

MRAE (1D A (12) @A SO BRI &R, e b 5 R AR AN
R8T ARSI R F AR E 8] R 22 DR R T R AR R AN E R, RSN
Wi )04 . Bl

2w

u(A) = 4/0.5% +(0.5/+/3)> =0.577kg
R, FRARHE/K & I AH X AN N

1mm=3251%:04ﬂ%
x4 BELERERTHEE
R R NN o - FHXSFR 1 . A
i E YR VI 5E TV FRUEAH E R REBRE  AWEE S E
PR E R (k) B 0.577 0.16% 0.81 0.13%
g EE (kg) B 0.001 0.1% 0.90 0.09%
AR (mm) B 0.5 0.14% 1.57 0.22%
TIHE R (mm) B 0.2 0.23% 0.35 0.08%
frAE A (mm) B 0.03 0.03% 2.33 0.07%
BRI (mm) B 1 0.06% 1.0 0.06%
O AR A - 0.38% 1.0 0.38%
G AN E P 0.48%

X4 e 7 EOE TR, HA O m R BN A ) R,
UGB R P I AN e BT, O S I & A FEN 0.48%. 8 H RIAFE ) i mT
LS E R R R T AL B LCG I EE N 0.037%, 18143 Kyy AT E
FEN 0.47%, S HTid AR
4.4 RWKRETHEE

(1) ik

iz A SRS K B AR 7 AT, BRI 1.347m/s. 156 H i i
B A S ) O VAR R AR, X AR G HE ZE R 1k i R T A AR AR B T
AT NT I [P AN R B B 4 40 B R AN A e P RIS R 5 48 2 2 [ N T R AN e vk
MR A4 1247 PR3k 2 DA AR I I R A A 2R R AR 2 R v 60, 1 AR 06 B AN o A

MV)=J0347x03%f+4un2=aonmm
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Hor, BAGERE N 1.347m/s, HEZEEEATTEN 0.3%, B SHEE AN EATH CE N
0.01m/s.

(2) R

T A 2 0 S AR O ) 308 3 A TR e 2T B BT 1) 2 it S B 1) 1 B | S S
Bl 3 4 TR TOL T B MBS ARET AT D2k, BEImT R, ARBLTE IS 2w R A
e E) A A] LIS HIZE 0.3°BAN

—— MR i

E EN = 0
o0 W z 00 & oo
zZ 0.2 B
0.44 0.4 0.1
0.64
0 0.84 0.8
L0
0 107ine (s)! 0 0 107ine (s)! 0 0 OTine (s) 20 2
2. WL,,=0.5 b. ML, =10 ¢. WL,=1.5

B3 I 3 i S8 X 6 A 1) A7 T 3 P
45 EERBAHERE
BT MSHE AR, T i R A THTR U3 3 Bl iy S AR VR LR, A T Lt
1710 IRE PR G, SR DUZE /R A ST 5545 21 5 2 108 A AR HE AN 58 FE ISR 5 BT
®5 EERBTREE

X o kT Te IR AR
RIS IR

ML,,=0.5 ML,,=1.0 ML,,=1.5 ML, =0.5 ML,,=1.0 ML,,=1.5
1 0.043 0.465 0.936 0.027 0.429 1.092
2 0.043 0.469 0.947 0.027 0.418 1.092
3 0.044 0.461 0.934 0.027 0.409 1.100
4 0.043 0.469 0.923 0.027 0.405 1.087
5 0.045 0.464 0.934 0.028 0.417 1.098
6 0.043 0.477 0.939 0.028 0.414 1.100
7 0.044 0.465 0.925 0.028 0.412 1.097
8 0.044 0.477 0.942 0.028 0.424 1.083
9 0.042 0.476 0.930 0.027 0.416 1.089
10 0.042 0.480 0912 0.027 0.422 1.077
SEYME 0.043 0.470 0.932 0.027 0.417 1.091
FRUEE 0.002 0.010 0.020 0.001 0.012 0.015
BEAHEE 1.25% 0.65% 0.69% 0.70% 0.94% 0.42%

5 GHEY RAHER

FE 7 T 3RAS 25 AN E BE YR AORR AN B & RIBUE R Jm, AT TR 5 AR IZ 3t
B E B . ABCRARILE 1.0 9, 3R 6 NHFRIZ SIS e B AIE A A5 2R
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%6 YEEHARTREE (VL,~1.0)

ANt e PR P T AHFH AR AEA 8 REERK N
K Ly, B 0.025% -1.2 -0.03%
9 B B 0.09% -0.59 -0.05%
nzK T B 0.23% 0.41 0.10%
TREX B 0.20% 1.0 0.20%
i R A R B 0.01% 1.0 0.01%
HiKE A B 0.16% 0.45 0.07%
EOLMVE LCG B 0.037% 1.62 0.06%
PRI AT K, B 0.47% -1.02 -0.48%
Wii#E v, B 0.82% -0.79 -0.65%
RMH B B - - 0.002%
W ERE & A 0.54% -0.99 -0.54%
HYIEMRIE 6, A 0.67% 1.0 0.67%
HERE A 0.94% 1.0 0.94%
B AN E 1.53%
AN E CEASFE RN 95%M), k=2) 3.06%

M3 6 WAL ERCKATCIE 1.0 THT, B rEisshma BRI R A 2 L
N 3.06% (EAEEEN 95%IN, k=2), Horp s Gl imlie AN 2 L i K, Hx2 Bt
BT AR B G IR E A0 E LT . A T RO HE o7 B AR 17 1 S5 AN 22 L
PREIRE I AT DL AN
R7 BEBREEINERETRERLS

ML, TR A u(Z' TR RE u@)
0.5 0.049 6.02% 0.024 9.07%
1.0 0.433 3.56% 0.387 3.06%
1.5 0.947 3.07% 1.113 2.09%

AN FP A T B WA hr b is shma RARIS AR e, BENL R RIE 7. HEAT
A1, FEPE KA 0.5 TOUT , B MSACARBEIE % AR I S A 5 B 43 7 6.02%- A1 9.02%
(k=2), BE KT EKMKE 1.0 f1 1.5 TH. X220 TEEPEREshEER N, S585
T2 5 SR DG AR AR AN 8 FE AR o TR K Tl A, A B a3 FI A B2 32 Bl 560 A
SEERRN 3.56%

6 %5t

ASCULE WFEARIONIE TR B, T i M AL I P i Az sl i Bl 36 AN E FE o
247 B ARG AN E FE M B BARTTIEANRAL, 45 A ISR ARASZ Bl 2K 6 ) AN
SEREKT o 38| ELE BT

C1 TR iz s L6y K AN € FEVR B %2, AR 37 5 e il 45 2R
Z I EAER R, BT CAT ez i B i AN 52 BE 20 Ar B AR IOXERL . AR SR AT STF
THEZ LA E LR SRR SE R B R R BA —EMSHEE L, Ja8NIT
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J& B 22 J5 e U 7T

(2) AR FIIR 12 B TE h K T 00T I AN 2 B i KON 3.56%(k=2). T TEJ
KA 0.5 T, HE35 FNRRIS S TR A & B4 N 6.02%F1 9.07%.  HH T 5535 H AR A
BENEER N, T30S I FEAH S A X B A 5 FEROR

(3) HERE . W SIS SRE S A A B RIS AN i E B s ma ek, B 3=
JURE S I A A% A 2% B B 1 O R R A AN o e 45 SR B S AR R /N, R T
FEE AR B0 AN 7 5 D 5 T AN ] 2

S K

A AR BRI AN T (. AR D5, 1998, 2(4): 7-12.

JEIT A, st B RH kg6 AN RE B AT [D].MR /R AR K2, 2002.

b, XRE, RE0, 55 BRI L ) BEROR B FU[I]. g A, 2015, 56(3): 162-171.

Yum, D.J., Lee, H.Y., Lee, C.M., 1993. Uncertainty analysis for seakeeping model tests [J] Soc. Nav. Archit.
Korea 30 (3), 75-89.

AW R

5 Longo, J., Stern, F., 2005. Uncertainty assessment for towing tank tests with example for surface combatant
DTMB Model 5415 [J] Ship Res. 49 (1), 55-68.

6 Irvine, M., Longo, J., Stern, F., 2008. Pitch and heave tests and uncertainty assessment for a surface
combatant in regular head waves [J] Ship Res. 52 (2),146-163.

7 Dong-Min Park, Jachoon Lee, Yongh wan Kim, 2015. Uncertainty analysis for added resistance experiment of
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Uncertainty analysis for motion response experiment of standard
model in heading regular wave

ZHAN Jun-hua, KUANG Xiao-feng, ZHANG Feng-wei

(National Key Laboratory of Science and Technology on Hydrodynamics, CSSRC, Wuxi, 214082 Email:

zhanjh@cssrc.com.cn)

Abstract: This study analysis the uncertainty for the motion response experiment of YUPENG
model in heading regular wave. Uncertainty analysis based on ITTC Recommended Procedures
and Guidelines, adopted with the method used by the ISO GUM was conducted and the strip
method was used to evaluate the sensitivity coefficient for the source of uncertainty in the
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longitudinal motions. The assessment results are summarized for several typical wave conditions,
the analysis results show that at 95% confidence level (k=2), the expanded uncertainties of the
heave and pitch motion at the short-wave condition(A/L,,=0.5) are 6.02% and 9.07% respectively.
Which are greater than the moderate wavelength case(A/L,,=1.0)and the long-wavelength
case(ML,,=1.5) with the uncertainties less than 3.56%. The percentage of uncertainty in short
wave case is large but the absolute value of the uncertainty is small. The present study will be

useful in increasing the fundamental uncertainties at the motion response experiment.

Key words: YUPENG Model; Motion Response Experiment; Uncertainty analysis; ITTC procedure
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BUEIE A 5=

FK, #EREok, 5, ZHE

L=

CHP EARARRLERT T o0 ARARYRZNG: S H St %, 5%, 214082, Email:htrmax@163.com)

BE: WARAAURTURBLRERARKE, @ TREARARTAUARAZ B A
SR, BHARTETENDRIRNEEAFEMETHE, NUAEUKSHRRELW
KPR . Ay B I SR AR AR AR B R P B AR T MR, AT S SRR Y R B
HARREXERUBEYZREEAAEAR T T REEENT T HEE AT AEF
TRAMEH#HARRRZEAN A RFERZREERRATHHAREARRR. KEITHE
KA, EEFAETET, BRRNEZR TN RHARKERBRREEZNE AR &
RG] T s B A 45 1 T B2 R RO B0 5% B9 o O AT A TR LA B Uk 4

KA HAK; THER; KIARE, RIEMN

1 5l

i3

i AR A PERE AT LUEN R G W55, TR G ol R IR TR A S K R
MR LA T AR S B TE WAL I A TR, O R T R R & K Jikse, U
e CASRAF LR HLSE K3 S TR RE . AERR R IIE LA BFXS Bl 2= /K P RERZ BT 7T
Jrin, K R K TS B K T DA B KA TR B BT, 45
FEF T RE K TS Y S TR AS B AF, DX AR 78 40 RIEEREIR AL T RAFIIK S 5t T %0
XT3 MR KRB R, HEXHREEAT I T, RIBERIE K A S H R 2 A
ARFATHTSRE T, RS E U B N R SOE BE LV TERE, W IE K 745 S R R K SR A M A
Ao AR 5 1 A M X B S B K 0B, I8 CFX B x b A B AT
SHERABAE I, AT R B R O o SRR AR K AL
FAE AT T AAIE BRI, 0 BRI K I8k, A5 T HE KB A AR AE
SPXHISE R . AT FULS G PR AR LA AR A (0 AR PR, Ky S SEURUIE R A R il
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TR R A HIE R G0, 75 255 18 Jim SRR AR A B AR B TE AR . 25 R8I H AT A
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ou, N duju; N ou,
a

o ox; ’gj @)
—87P+Li %+%)+i(—u'u')
~ox, Reox, dx, ox,  0x; m
. . o 0 j=1 .
Hobu, RYERIEH 55, PRIES, Re NHWHL a,EXN: 4 =) . j=2» QFR
Qy j=3
W I ) i B T —ulu] HNERERLSI, TR AL R
— ou Oou, 2 1 i=j
—uu, =v,(—+—L) ks,  HPs = 3
it t(axj. ax[) 37 R )

v, )& itiE s 5 I sh B PE R B AWFFORA] SST & — @ it A ARk 50X — T,
SCHLEE R TR Ao SRR A IRAR BRI, RHRIUCR I i ks AR i,
FEIE IR EIEAAEM SIMPLE 5%, EBUMAETTEMIZ & Gauss-Seidel 5% K #,
I HR AR 2 R RS 7 iR IR SR e (A SO

4 BEARSHE T

4.1 SRE

ASHITFE IR A B AR R AR YR AP AR X Rl AR KK PR RE . AL TEREZOR HoB it
o BRSO 7, BTN 9 M. 3R 1A TR I BB S
PARAERRUIRZS T MR A AE Bt TR RS, & 2 Bl SR e
® 1 BMRRESN

T H LR it T
HAF (m) 0.300 0.300
-4 7 9
Eia1) = 1.2 1.13
Bt 0.34 0.34

R (m3/s) YfE (m)
BRI BETET

0.365 3.16

N=1008.3 r/min
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K2 iR

4.2 HRIRIK FIHERL

N T ORI KK I TERE, 8 S0 S R AR LIRS KK PR REHEAT T BERL,
FRs BB I ZE RS it 2R K F 3B I 45 R3EAT 1 e, AUE TR L 3 (a), 4
PR X SR ARSI AL RS, Shish X IR I A HE T, Hrp %7 Xk 220 5 RMG, JARlefe X
1 200 3RS o IR KK 16 45 A e (R A LA AN KA TRE TR FT BT e R

ERAAR i

2 M 4 B 7R R K TR RE TS A5 R SR I A R L. ANEE
BRI UE M, ERHRE AL (Q=0.365m"s), iR T S AR E 1) 2 5
FE 1%L, ThRFERIE 4% AN, FEARIGIE 1 BUE T AR A K Tk BT SE 1% -

&

o =

(a) PJPURE FHIRFEUTEER (b)) S SRS MR R
K3 iR B v AR
®2 WitRMHEHREK AR EMREER

Q-cal H-cal Py—cal H-exp. Pr—exp. H-error Py—error
(m’/s) (m) W) (m) ) /% %

0. 403 2. 062 10. 687 2.048 11. 096 -0. 66 3.68
0. 363 2. 964 12. 438 2.972 12. 961 0.24 4. 04
0.343 3.363 12. 998 3.399 13. 683 1. 06 5.00
0.323 3.662 13. 438 3. 772 14. 253 2.93 5.71
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Sk

1 XPAR, 5. kKR SRR S A AR FU[J]. YLIR R R 22 25 3R (B AR 2R, 2007, 21(2):
75-79.

2 TE, TRM. GIMiEKGER KRR 4 AR, KFIKIE TREZR, 2015, (3): 88-94.

30 W, . RS E AR 3 B AR R AT [T]. R KL S KRR, 2019(3): 193-200.

4 JAFME. FIRETE A RIKAL T 1) =43RI EUEAUA] . KB 150 7T SR

Channel and axial flow pump hydrodynamic performance
simulation in CLCC environment

ZHOU Bin, FAN Xiao-bin, LI Liang, DONG Xin-guo

(China Ship Scientific Research Center national key laboratory on ship vibration & noise, Wuxi

214082, Email:htrmax@163.com)

Abstract: The hydraulic performance of axial-flow pump can usually be obtained through the
pump test. When the axial-flow pump works in the non-uniform flow field or there is appendage
interference in the pipeline, it is difficult to obtain the real hydraulic performance of the
axial-flow pump only by carrying out the hydraulic and cavitation test of the pump. In order to
study the hydrodynamic performance of the axial-flow pump in the channel with appendages, the
axial-flow pump test device with channel appendages is installed in the CLCC for numerical
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simulation. For the subsequent development of the corresponding axial-flow pump test device in
the real CLCC, the hydrodynamic characteristics and cavitation characteristics of the test device
are explored. The numerical calculation shows that the actual operating point of the axial flow
pump changes little (less than 5%) with the inlet water speed and the axial flow pump speed in
the CLCC environment. In order to obtain the hydraulic characteristics of different operating
points, it is necessary to shrink the outlet areal of the axial flow pump test device in different
proportion. It can provide a reference for the physical test of axial flow pump test device in the
CLCC.

Key words: axial flow pump; flow characteristics in the channel ; hydrodynamic; flow field

simulation;
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Tomo-TRPIV measuremental investigation of coherent structure in

logarithmic sublayer of turbulent boundary layer

WANG Xin-wei', JIANG Nan"*"

1.School of Mechanical Engineering, Tianjin University, Tianjin 300354, China;
2. Tianjin Key Laboratory of Modern Engineering Mechanics, Tianjin 300354, China
E-mail: nanj@tju.edu.cn)

Abstract: Experimental investigation by Tomographic time-resolved particle image velocimetry
(Tomo-TRPIV) for three-dimensional three-component (3D-3C) velocity fields of the turbulent

Re, = 2460

boundary layer over the smooth plate were performed at the Reynolds number of

Multi-scale local averaged velocity structure functions are proposed to represent the multi-scale
structures in turbulence. The ejection events and sweep events of coherent structures were
detected by the zero-crossing points in longitudinal direction of the local-averaged velocity
structure functions of the streamwise velocity. Canonical features were obtained by the phase
alignment average of the instantaneous local velocity fields, velocity gradient fields, vorticity
fields and velocity deformation rate fields of the detected ejection events and sweep events,
which are all presented as antisymmetric quadrupole structures. Especially the streamwise
vorticities are streamwise, spanwise and wall-normal direction antisymmetric wall-normal
multi-layer quadrupole structures, which indicates the coherent structures at each wall-normal
layer are closely connected. The wall-normal multi-layer quadrupole structures lead to an intense
exchange of momentum, mass and energy, and maintain the evolution and development of the

coherent structures.

Key words: Turbulent boundary layer; Coherent structure; Tomo-TRPIV
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[ (S/D<1.5), EL#EEAHENRIRE L (Galloping), T T BElAE S IR £ /& (E B
7 11 (1.5<8/D<3.0), NEEHSENH 28k X 11 (3.0<S/D<8.0),
FHBEAZIEMNEE W IREKIRS) (vortex-induced vibration, VIV), T B A A # M9k
X 4B & VIV #1 24k (wake-induced vibration, WIG), XWX EF U4,
UG, HTE_MAEFN, THEEECEAAMKRIEX, —HEHEGH VIV fu
WIG; 7Z—MEL B VIV WIG, TR =FHEFA, LEEEE/NEENSEIHH
e hr, WEEBENEA, LiEEAERIRIELERTEE VIV,

KR AER; MR BAINEAE; KUESLR; Wik, RRIR

1 515

LML, PR R IRS (VIV) B CEBE T EE SR,
KA ISR SCHR[1-2]. (B2 s2hs TR, A REN L2 B RS, WlEFErE, TLP
HiIbr G, AHE, MRSRS. WA SR, SR 2 RS, B
Ft A AR A SERR

[ A AN 2 2, U FESEIE 19)  T R BT . Zdravkovich '35 T 5 [5 4% ) 1o B
b (S/D, Hor S 2P EFEROEFER, D NEMER) FMEIHE Re, ¥ 85 5 X0UA M58
MR N=2 QBB (1.0 <S/D < 1.2~1.8), MEFHEKEE LN, SR &
GERIFRFE R R @ BIPIREH AR (1.2-1.8<5/D<3.4~3.8), iR HEY)
JEEFIAEE TR L, @R MR (3.4~3.8< /D), MIEFERELE% K, LT
Ui A 0 A % Mk 30 e R R e 04

HEEWH: HEARFEEHEES (11872250). 973 WiH (2015CB251203) %)
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St 3 S B A AU R R G, FLARBh i S 2 b B B BE A 44 . Bokaian 251
FRAEHTFC T 5 1R A B R 3)  (Flow-induced vibration, FIV) [IRE, Hrp FIgREAE
S, FUEBAERT DAZERE A E RS, SR BN, TUERAERIRSh R AT Lo 4 R
B IR (WIG), B3tk (VR), 3K VR Ml WIG, #—f) VR M
WIG, H WIG ZIaiRNEE A LEE (U) BEmmsgm, i VR R SEAR
(1 U, X 18 N kAR, HALBEAUAEAE VIV —RE, #E—FIRIIR . Assi &P K
FESZIGHE T 1 BRS8N (wake-induced vibrations, WIV) FINLEE B #F: )4 B 7 =0 8 i
BAERE ., FUFEEE A BRsD, 752 AR WIV A WIG 7EHRshm R34 &8 .
AATT A I WIV 55 R 3 2 DR g b 3 A (00 B R I Wi [ A 5 4 2 (R R S AR F I 45 2R 7E
S/D < 6.0 I, AILLWELSE —HAg VR 1 WIG Wi, B )RR AR, AR Shilsck
PR T BB AE K VIV, Hu 2500 XU S2 36 AT 72 7 X RiA B 00 & S 0Us A, FFe T
JREFELL (m'C = 0.184, 0.288, 0.407, 0.719) X &5 BHISAM . AT T PR T 2kl & .
—FORIELEN U N, R ER IR 46 B RS F 2 RSN (from rest); 10 53— Ff /27
B —A U, B A 2 ah L imals e n U, B 23RS 508 1 ¥E 3 (increasing
velocity). £ B R 7R7E /AT EE I (S/D < 1.2-2.0), PIFHAS [ 9K 77 202159 2 R 3R 3 5,
BIRAIBMELE, Wikt T KEEMA S RAXFIG . FERATTE KRB, AT KA N R
=2 PR (AR B A0 2 A — 5 A A AR AR S5 B O, KU A K0 & LU R A B4R B i H 2
BlEfE AR . Kim S0 RO T AT LU ARSI & 20 A, REHR &
BHJB L m*¢ /2 0.65. FRAEIRBNMMAFFAERIAE, FTeAR 3 FiX: OXM[EIFELE 1.2 <SD
<12 M1 3.0<8/D<3.7 i, MEAMEARS: OF 1.2<S/D<1.6 1, WEH 22 I REZ
MBbHRIA S @24 /D > 3.7 I, PRANEIAE IR 20 1 7 B LA B [ 4 o

gr b, WA RGN FIV 22208 2 HZR s m, FlanEfEtk S/D, e m*g
T Re U AR MGG A B 7 05 . BN F# £ G @i T — R0, (2R
TR G P AR — ) AT AR SR S T, B, BARRETE A SRR P RS R e =
AR PR, B A2 K5 2 B A OB A R 2 i oz A 6T 7K r /0 o 2 B 72 776 R
SN 2 AL MRIGERAS I e B S PE S S 0 AE AR I A (141 3 B AT frf 52 2 AR S
SR NTSE 32 s 8

2 SERTTVR

I XA T R AS @ K3 IS TREEE S s ie =, iR K 2m, 1IEJ7
TEREAR Y 0.6 mx0.6 m, AT 0.2%. A 5T R T 2 4055 1] LL2 2% ekl g
250 B AR AL KPR B AR SR B, HAME N S0mm, AR 48mm, KEY 540mm. [
B o5 A DURR SR S 4 (— 3L QAR MR T AR 4R, ReEBAIE 1 s,
FFRMNIEN 1.2 ~ 12.5 m/s, FHN K E VEEL Re=4000~42000, U,=2.4-25.0. [BEA:HIIRSIAI#
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I O R AL AR A . R (05 B L m =268.9, FILJE Lk (=0.00075

N T IRUEA SRS VAR ERA I, ERREAT T A VIV S22 AHE TR G
ENRSEE 4/D FHAWRE TN S5 R A% . ZEF 2 Ara] DA SR FI28 #i i) VIV 85 E i
(lock-in), BUEX B RLILE U, =4.6-8.7. FISCHR[6, 8-9155 25 T 2L, I 7337«
IR ARV R i oy SC o FEWIBR Y, A/D BiAE U BRI R, £ U6 k3 KME, FifE
A/D TR FEIRE SN 0. AFISCHR 2 18] A/D (122 52 PR A S 56 w5 % 14 )5 2 B e EEAS ]

0.8
@ —o— m*E=0.20, 4 L4 R
i 0.7 4 —o0— m*&=0.25,Feng (1968)
ki —a—m*&=0.19, EF#H% (2018)
0.61 7 —v—m*&=0.29,Hu % (2020)

K1 S E R B2 BB R S0 (B0 EE
(a) PIREREHSAT LA hiRah; (o) LR E, NlEE A E dR
2 (c) LUFEFEE BARsh, R AL E

3 SR 500

3.1 WEHEEF B BiRsn bR 0m

Bl 3 g5 T YR IRFE AR AT L E ARSI, TR NIRBNIRAE 4/D B8 U, F1.S/D AR 4558 .
HRYEIR B AE AT LAy A = FhdiR sh i 20,

(1) #A— (/D<1.5)

SR PSR XMER, R A AR R, T U R A 2 A BE 2 AN E
(I BN A, I EAE IR BIIRAE 2 K T N R Bl anfe S/D=1.2 i, B EAEERTE U, =3.7
MHEF GRS, I H—BERFAHERRSESEE U, = 5.1, WG, HiFREER A/D 25
% U HsEIN, 3F HAE U=18.5 ik 35 KIE 4/D=1.4. SR FIFEKAE U, = 6.4 N HILE
— AN, B S ARSI N, 7E 10.5 < U, < 15.9 HIELES AN, (HIRANIEERRA
RK, KB EIH — D EIREN RS IRES . fEIX 25 A/D Mg/t HTE U, > 18.6 J5
Ngkasan, REHE = ANRIE. Y S/D=1.5 1 (F 3b), LIFEK 4/D Fsihn, B
FITE U, =18.5 SR o KAE, Bl JG IR ER/ N e 4 20— AN RIRIEREIRES, M SR
FEATAR 2O BIRAS . ERRIE, FEEREERIIR, b A 2 18] i (8 22 FEAE D .

(I f— (1.5<8/D<3.0)
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FEIXMARE T, BRI B A A S I AN 4 S R Eh X 48, R — MRS X (U, B
N, EWRER A/D KT FWeRE:, MES AKX (U8RI, iR 4/D /N
TR Bl S/D=2.0 i, LIFEFAE 4.6 < U, < 12.3 2L VIV iR, Bjs—HE
U, = 14.1 BF U4 TF# RS, ’EE U > 141 B TGRS BRKIEF K
A/D~0.28 HPIRZS . FIRE, FHEBEAEAEX A 4.6 < U< 123 RS EH VIV N, {HZRSHIE
BT B £ U > 141, TR IRSIRE RN SRIG, &4 R RKIRIEL S
A/D=1.03, iz KT LR AE .

(IID R = (3.0<8/D<8.0)

URRF = 9 [ A R 30 A () HR sh AR A B AN R], i A R 2B ) VIV W, 33
BTER B S/D>3.0 B, "NUFEAEXT FUF R s m O 2 ARIFAR /N o 17T Ui G A 1 i 9 A
KM%, RMHEMRIXIE, —A VIV X, —A WIG X, XFHA XA LLorFFtn) LR
G ULEHRIMETE S/D=8.0 i}, "I [AAEIAR 2 2 FUF R AE 5o, R .3 BB 5 A )
TNV A PR e 9 R KT T U R A i [ A

3.2 EipEHEREIE T B B B iREh A I i

Bl 47 BB e R, FEREAE T R NIRSIE(E 4/D BE U, F1 S/D AR 45 53
ATLVE R, FUEEAEAE S/D=1.2,1.5 BHRBEHEIALL, HRBEM —FFEEH VIV fl WIG
M. (B 4a). VIV 1E U, BN RIS EEIAE AR, B U, (30, BT B4 (Al [a]
FEAR/IN, BT CA_E i (R A R BY 1) 2 2 F0 R 4R 30 [ A3 2 8] 7= A2 [R] BRI (gap-flow switch),
AR BRI 2 OB A BN REMIE ), TR Z e A — A g, ki A A R
R R ZHRS (WIG), BART S0,

YA §/D>2.0 (Br T S/D=6.0) I, TR EIH—FoEr VIV fl WIG
ML (& 4b)o i BT EE 38K, TRy Ve FHAE DRSS, 51 N A4 WIG 1R
(R = B0 B T R IR A A B AT 3 R AR BLRR A 145 R (vortex-structure interaction) . Jf:
BAIEE A/D B85 [A)ER (3G RKAZ#T kN, BIAn(E S/D=2.0 I, e RALFIR(E 4/D=1.26,
M2 S/D=8.0 I, B RALFEIEAE TS 4/D=0.48. XFLLIE 3 b SR AR v] AR Bh A5
RIE S/D=1.2, 1.5 0, FHFEMEASHRE S 2 MEENATRERS), m&—f VIV il
WIG MERIREN . S/D>2.0 5, TR EMFA FERIaEA0 E 7 X ERNEE R AR

3.3 TiEFEREIE LR B B iREh AL A

K5 e 7 R BRIEE R E R, R A B ANIRSNIEE 4/D B8 U, F1 /D 2245 R .
£ §/D=1.2,1.5 /MEJEERT, b3 RS 2 H BBt Ak i 2, (LR R 3 e L 2 Tt 2 1 0 ) 8 K 7 9k
Mo SGEEE 3a A b, UEWIERIAE S THSCE A AN, TR EERS S5, Wl
EFRRE P EIRILR . 2 S/D=2.0 I, 2 HIPIMRBIX IR, £ 4.6< U, < 11.4 Z A H L
B MREIX I, BRI LFAMRS), £ U215.9 I EHRED ML AN RS XK. [l
HIEFERE PN, 2 §/D>3.0 I, i AR S BT VIV R, R I AR X
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BRI R s, R B ST sE A . X RET BLE IR E L (B 3dD,
A RIAE S/D=3.0, FIFRAEE U>11.4 5 HBBE U, 288N iEiE, B2 S/D>4.0 Z )5
AR RS, XU BT NI R RIRS), 76 S/D=3.0 B 58 S0k b Uit R 7= A 52

1.\1
a)l.2 b):LiS
1.4 4(0)7 upstream cylinder ® ©20

1.2{—*— downstream cylinder

1.0
Q
I 0.8
0.6
0.4
0.2

0 S 10 15 20 250 S 10 15 20 25 0 5 10 15 20 25

] 5 10 15 20 25 0 5 10 15 20 25 0 o) 10 15 20 25

% 0.8

Pl 3 SO B A 8 AT e 0 A 7 2 i i e 52
(a) §/D=12, (b) §/D=1.5, (c) §/D=2.0, (d) §/D=3.0, (e) §/D=4.0, (f) §/D=6.0, (g) S/D=8.0
1.6 1.6

—— =12 ——S/D=20
4] @ T 1a] @ —v—SD=30
: : ——S/D=40
1.2 124 —*—5/D=6.0
1.04 1.0
Ro3 Q03
5= 0.8 = 0.8
0.64 0.6
0.4+ 0.4+
0.24 0.2
0.0 T T T T T 0.0 +—aaax T - T T
0 k) 10 15 20 25 0 5 10 15 20 25

Uy U
B 4 A8 [ 1€ 5 PT RA B ERAIR BN IR A7 A 1 1 ) 2
(a) S/D=1.2,1.5; (b) §/D=2.0,3.0, 4.0, 6.0, 8.0
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1.6 1.6
(a) —a—§/D=1.2 (b) —v— $/D=3.0
1.4 1 —e—5/D=1.5 1.4 —o— §/D=4.0
—a— S§/D=2.0 —»— S/D=6.0
1.24 1.2 —*— §/D-8.0
1.0 - 1.0
§ 0.84 % 0.8
0.6 0.6
0.4 4 M 0.4 %
021 ( é( \ | N 0.2 iz ‘&A
0.0 ; : : : : 0.0 ; e
0 5 10 15 20 25 0 5 10 15 20 25
U U,

Bl 5 e AT L RSl Ja [ L T R S
(a) §/D=12,15,2.0; (b) §/D=3.0,4.0,6.0,8.0

4 75

(1) HPEFAAT E BRI, IR SR 558 3 Fi: O(S/D<1.5), iR
SEIRBbAR N, TR U A 2 AR 2 AN E BB AR @(1.5 < /D < 3.0), AN
FE# S I BRI X I ®(3.0 < S/D < 8.0), il [FIA: IS 55 (I IR 5
VIV, FUFEENA ARSI X35 )2 VIV AR RGER WIG.

(2) 4 by B N AT AT DLE BRSNS, I RAT 2 S I MR, —Fb
FEAHER VIV Ml WIG (1.2<S/D < 1.5, §/D=6.0), H—ME0EH VIV Fl WIG (5/D>2.0),

(3) R € B E A e DLE RIRShI, R EAEAE N AR (1.2<S/D < 1.5)
o RIBBARMI N, 24 S/D>3.0 I b3 AT AR B e 82 ) T B VIV IR R

(4) AT R Vi I AT () 52 3 BB 2 KT R A iR, E S/D>3.0 I, T
WA LA gk, T EIE S/D>8.0 I, _EJif BALA AR 406 R = A= g .
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Flow-induced vibration of two cylinders in tandem arrangement
using wind tunnel experiment
HU Zhong-ming, WANG Jia-song, SUN Yuan-kun
(School of Naval Architecture, Ocean and Civil Engineering, Shanghai Jiao Tong University, Shanghai 200240.

Email: jswang@sjtu.edu.cn)

Abstract: In this paper, vibration responses of two cylinders in tandem arrangement have been
investigated in a wind channel. Three different initial arrangements were used: first, both
cylinders can vibrate freely; second, upstream cylinder was fixed and downstream cylinder can
vibrate freely; third, downstream cylinder was fixed and upstream cylinder can vibrate freely. For
the first one, based on the vibration characteristics, three regimes can be classified: Regime |

(8/D < 1.5), the upstream cylinder experiences galloping vibration, while the downstream one
undergoes fluctuating with multiple peaks; Regime II (1.5 <.S/D < 3.0), two separated vibration
regions can be detected for both cylinders. Regime III (3.0 < S/D < 8.0), the upstream cylinder
presents a typical vortex-induced vibration (VIV), while the downstream cylinder displays two
regions including a VIV and wake-induced galloping (WIG). For the second one, the downstream
cylinder presents two different vibration modes, one is a combined VIV and WIG and the other is
a separated VIV and WIG. For the third one, the upstream cylinder displays galloping vibration at
small S/D, but with the increasing of S/D, it is trend to a typical VIV response.

Key words: Vortex induced vibration (VIV), Flow-induced vibration (FIV), Two cylinders in
tandem, Wind tunnel experiment, Galloping, Wake-induced galloping (WIG)
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