5 Um A EDKE R 2 iR R

BURIK it RN R T R o B Y

NG

L=

2, AT, ARt

(P EMAAR AT, KSR S %, TL RSO AAAROR a0 %, B, 214082,

Email: rombxyz@aliyun.com)

R B SGUHB R BB OR BT, & R BOR AR LR R B H B R E
B AE A RENERAE R ARYE, RERANKATRBEEEKEATHREE
BEKE CRRTED, BEEmAGAAR, EitawfEIa o B IR A H B R E R at
BRKEK. REEWER, EmEE R, ZEAARKOFE., AR E L R4
BWAHKRERALRA I 4 F7 RITTRAEBBRRAT, hET EMH 7 ROHEKR,
IR ACHL Bk BB S AR KR

XA HECRE; FEIAHEG BRAM; BE; KRR

1 515

IKMBARIRKIS s 9 TR BB, S il IAs 6 ZRAE 7Kt 22 23 e
F. BRGS0 BB B PR, I A B R,

12 IR 20 P8 L A A P PO R B L, LA M O B AT — e AR
| SN T, S B ICah T B e ok, HE BN LB R BER . s AR . BRI
AR _EER, bR T EORGRETRCN, BRI AR R . EIRRIKR AR —E m
FEIRRIEl, I S0 KRBT LT R MR R . BORAE L CAN [m] & 1 72 o 75 v AR 33 T
SR 8,101 P =g e SR P TR i 4s = e el 2 B 7 S S R 2 ) S SR W N S B S W
MR EHAT T RSO AT, A 2T e B i KR R o K T I TR URCK,
ol 8 KA RO KA T BOR B CRIRTTTAD, HBGRAREAR, Bk an
LA A R SRR I R BRI BRI BRI . R BaR, s nE e, 2H
A ZACH 5% 0 1 ) L

AR FEIE T I RS U B B R A, a2 R 2 2R S i 2 5
JHEHATER, I 4 FHBCE BT TR 7KL RIR 7T, /15 T8R0T 2=

-370 -



5 Um A EDKE R 2 iR R

THBER, BRI e B sk R SR ALK A .

2 RIS AT

2.1 YRR

AR R 47 ] IR R (55 580 “ BRI+ 2 R RGN B (7 =
D\ “RTRB A2 2RI B 27 B8 (U7 % 20 A B IRARH  E R+
e MR (TR 30, HoREILE 1, seiép W 2.

18 500 | L 1 500

(o) “IRINARHE R+ 2 J2 R e 2 B (d) “ AR o B S o T e 2 Y

B R E RSN A

(a) IR ALY I (b) “ A3+ 2 2R BT

K2 JHBRERR

-371 -



5 Um A EDKE R 2 iR R

[ SR AR AR H A A 7%, B4 1.875m, % 0.75m (KA %8 A 0.8m),
“RIDNARR A 22 R R B AR [ IR OB () Bl B3 = R R s, =2
R UH R E K 0.5m, IS NSRS BT, & — 77 075 Gy e B
KBE, I — 07 175 B ORI TR B [ AR e A B e T 5 () e Attt 7 s« B R o+ 2 2
R AT 2”7 R RAE “ IR A+ 2 E R B8 b 22 R R b el BT 22
(J& 50mm), HH WAt — SR 5 ke« BTRHE A+ 5 2R - E g 2”5
RN« IR X+ 2 JZ R B8 b = R G 7 0 BV E s, Al B AH B 17
Weer, HaEmES = EmER AR HE RS MamE 22 R, A 5 22 06 5 IR 1
W SORR -
2.2 R EMGE

RIGAE PR A 4T, KA 40m, 38 0.8m, /& 1.4m, WRI/KIEN 0.9m. &7
FONHERE S, MU B IR & 14 0.5~5.0s,  HRII 55 K3 =8 300mm. 3REGHT, JHEEE
LR TIEPHUNT KA AR, 5 MRV & O BAE KRS X8, KA m) o0 A, Horrid
TRJ7 36— AR IR S ARG 12T 18m, 35 AR5 28— MR AR EE N 20em, HARIR =y {3 (8] E AT
N 50cm.

RIS AEAS R AN AT, 4 Fhyr iiche B 32 BT R ik =i 9 300mm I 2 SRR )
i, [RISRH 2 s BRI 7 3 = S0mm B 7 o ORI, dd i IR AR 58 [ N
R 2T e B UM JE R B AC . RU BT B ROR (MBI K A B 0 R TR AR U
i P52 (RS SR BB S S R AN IS 10%)

XET R, H SO R EORT DL TR O SR 5 NS I e g P B AR o e P ad i VR
e RN B S SRR AN NS 38 2B 5 B v o EHESR AR [R] A 100s Ze AT, SRFEFF 4R SUR TR IR
223 5 AMIREAUE, AR TF UG SR EIR I 21 i o 504 b 2 I HCH: mh B A e s A
TR EAC SR, A 2 RS BB IR B . R A5 280 1 8 v B30 X N5 d A e S
P HEAT SRR S R

3 RGR g R Kot

3.1 ERHE AR B E R SR 4

BT R AR e 7 AN RIS T 38 = 23 728 S0mm AT 300mm [ )5 S5 5 300 &=
ML R 1 B 3 fizn. AgE S aT DS 3 S SR80 AR 32 i e — e 1,
SRS Z G A K B RT3 K

WEAH Somm B, MK SHEPE B KA R EKHN 1.875m, HK
1.56~3.29m) , WIRKHF REUNT 10%; K R T B B KN, PR R
FEWOR, RKEE 25%.

-372 -



5 Um A EDKE R 2 iR R

AR w2 T B R RBUHEE, MK S T B A R, P50y 50mm [
S5 BN T 300mm ZE IR, K R T B EACTEIN, 45 AR S 0 LR A
FREA: AP ST B KGR, B E AR BGE FEER], B8 300mm
R DRV i3zt DR T T DB B VR U R e KT i ey (— MR B B e KT i FE 4 9 1/4 R
P, RIVIZ I i TR B 100mm) DRI A SOmm BT R
T T 300mm HYIEOL s 243K KTV ke B BE I, VR B B A A TE iR R T
BB H T AR R, R R BE R, WRIR ST 2E S R, R e I B 75 38 ()T I AR 4 T
PN S0mm FRICER .

F1 EMREREERERSRABNERLER %)

Fs i K/m 1/ mm
50 300
1.0 1.56 5.8 104
1.25 2.40 33 5.8
1.5 3.29 8.7 6.9
1.75 4.18 16.9 10.8
2.0 5.05 23.3 12.4
2.25 5.89 24.1 13.9
2.5 6.71 26.0 244
30
o o, S
25 j/D f

k1%
&

a 10%

s D\W/E(
~r"

1 2 3 4 5 6 7
A/m

K3 A R AR K At 2 CRIANARN O

3.2 MUMIHR R EREHRAMRINELE

N T AEIA 1R B IR 2 i e R AT RE T B R . R IR, SN S
Ve, T H AT R IR R R BEAT TSRS, 3045 T “ R RIE G+ 2 2R
“IR IR A2 R R AL f IR R RS- 227 =M, Jf

-373 -



5 Um A EDKE R 2 iR R

Xz 3 PR AT 1 A 300mm AN [F K HN A5G . 32 2 A 4 25 H T 4 FhyH s
B IHE R ROR .

R2 MMERREARRHRBNESLR (RS 300mm, B %)

FEEY
Fil /s BK/m PR, e ] e
R % 1 7% 2 &3
1.0 1.56 10.4 112 11.8 78
1.25 2.40 58 35 3.9 3.8
15 3.29 6.9 5.9 6.5 6.4
1.75 4.18 10.8 72 75 7.4
2.0 5.05 12.4 8.7 9.3 7.4
225 5.89 13.9 11.8 11.8 10.8
25 6.71 24.4 16.0 15.5 15.6
25
—O— [F5IRHE
— AR 2 R AR
04— "EIAHE R 2 R R R
—O— " SRR R 2 2R P

A/m
B4 DURPE e BIH BRCR UL B 300mm)

M 4 ATLUE 4 RS B SR R BUR AR 382 i — 2 I, O R BB
RPN PN

4 MRCRUIEL, BRI Z R R RIURI 2 R Rl e ” A
IR IR A B R R N B 2L 7 =R (0 B R LRI, HL2E 0 T IR IR
B, PRI 1.56m~5.05m I RBIR B RECEEHIAE 10% LU, S KA R0H B i R
TP &M 4.00m, Z A KH S.4m. 5.3m Rl 5.7m A4, BOB T SRIGIN T I R B K
RV BRI & A%, 73 A FJR R D 3 Ao 7 S 350880 7 VR e B RV A T (g
mo.sm, AR KEE, AR T RBIRBE BRI 75 R TR

3 R ATT EAEL,  CRIURIH B R R A e e B B AR PR, U]
FFEEAREE TS, IR BRCR U R« BRI 2 R R A« R IR

374 -



5 Um A EDKE R 2 iR R

K+ Z SRR B L R BRCR EAHGT, WA Lo 322 2 5 B R
STE

4 75

eIt 52 IR 3 X i 2 1 R e B R IR X+ 2 E R 0 <R =+ 2 2R
I X e 22 0 [ SRR 3+ 2 2 R T 8 22> S T o i e 2 S A B e S 55 3R 50 £
NI, BRI EELILWT.

(1) 4 Pl %E B 7 B KRBT AR Ml & — e, O RS KT
SLPNTB: PN

(2) [ RAR e = 0 3o 25 B AE I =i A S0mm I O R T Hodg R BTN I &, 4k
SR K AR A, PR RBUNT 10%, R BRI R, X IGE T H
T A 7Kt 52 IR 3 X i 2 B )3 FH 1k

(3) “[FIMRIE R+ Z R “BIRNE 2 2 R Ik 2270 B SR X+
B R AR I e 223 TS 2R 9 Ik % B R U R 300mm B RT3 B e KT e i)
T PR BT R IR R, XTI KA 1.56~5.05m [IIRTR 3T RECE I 7E 10%
LR, HRASGEB K B E TR0 4.0m, 53508 K3 5.4m. 53m Fl 5.7m 47, KK
T NI R R R VR3S FH PR AR 3 1 53

A FEIRAT T R I e B O R 3 4 P RIVTH IR, N IR /Kb 7
WG B T IR AR S 2 5K

& % X M

1 akEEEE, BULAR. HRIRIEBER TS A ] KE TR, 1991 (3): 10-13.

20 2P ZURYL, BoORAR, SE. BORAKIBTH B BIE R RRIGHT T[C). B mh EEE R TREY
ARifigeiesc sk, b, $E, 2007.

3 bR, HEESHRIRT R, W ARG B R S, 1996.3.

4 Shutang Zhu and Allen T Estimation of laboratory wave reflection by a transfer function method[J]. Journal
of engineering mechanics, march 2001.

5 kb, 5kEE. 2 EARAARBURMLRE e B AR 7T ] RMARN, 2015 (4): 74-80.

6 SUN He-quan , WANG Yong-xue. Separation of Waves by Interpolation Method[J]. China Ocean
Engineering, 17, (1): 123-131.

7 K, WERE, MR, . P EASHCE RN TIED). IR, 21(1).

-375 -



5 Um A EDKE R 2 iR R

Experimental study on modification of circular type wave absorber
for wave basin

LAN Bo, ZHOU De-cai, HU Ding-jian

(China Ship Scientific Research Center, National Key Laboratory of Science and Technology on Hydrodynamics,
Jiangsu Key Laboratory of Green Ship Technology, Wuxi, 214082, Email: rombxyz@aliyun.com)

Abstract: The circular type of wave absorber is popular used in wave basin with its good
absorbing effect on wave energy. But it also has some limitations for that its maximum effective
wave elimination wavelength need to equal the length of wave absorber, and the wave height is
need to not too big, so how to use the existing circular type of wave absorber to absorb the wave
energy with long wave length and big wave height is a concerned problem for basin. The
experimental study on modification of circular type wave absorber is carried out in this paper,
and the absorbing efficiency for four types of wave absorbers is obtained. The study can support
the type choice and design of wave absorber for wave basin.

Key words: Wave absorber; Circular type; Wave basin; Modification; Experimental study
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Experimental investigation on the pressure pulsation and vibration

intensity of venturi tube
WANG Jiong , XU Shuang-jie, TANG Jin-jie , LONG Xin-ping
(Hubei Key Laboratory of Waterjet Theory and New Technology, Wuhan, 430072, Email: xplong@whu.edu.cn)

Abstract: The pressure pulsation and vibration noise characteristics of venturi tube in different
cavitation flow were studied experimentally. The variation performance of pressure pulsation
intensity and vibration intensity with pressure ratio under different inlet pressure were analyzed.
The variation of pressure pulsation and vibration noise spectrum with pressure ratio were also
analyzed. The results shows that as follows, the pressure pulsation intensity on the wall surface of
venturi diffuser increased first and then decreased with the decrease of pressure ratio. The
variation trend of pressure pulsation intensity is the same under different inlet pressure and
reaches the maximum value under the same pressure ratio. In the venturi tube structure
corresponding to this experiment, the maximum pressure pulsation intensity corresponds to the
pressure ratio of about 0.75. And the vibration strength is strongly related to the pressure
pulsation strength of diffuser. Both have the same change trend and reach the maximum value
under the same pressure ratio. The pressure pulsation spectrum of venturi diffuser is divided into
two parts. The low frequency part with high amplitude is mainly related to the periodic shedding
of cavitation cloud, its frequency increases with the increase of pressure ratio. The high
frequency part with wide spectrum is mainly related to the collapse of discrete cavitation bubbles,
which occurs at high pressure ratios. The structure vibration of venturi tube is characterized by
the wall pressure pulsation. As the inlet pressure increases, the amplitude of the low-frequency

part decreases gradually, and the amplitude of the high-frequency part increases gradually.

Key words: venturi tube; cavitation; pressure pulsation; vibration
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PIV measurement on flow separation within centrifugal pump
impeller

CHEN Bo, LI Xiao-jun, ZHU Zu-chao

(Faculty of Mechanical Engineering & Automation, Zhejiang Sci-Tech University, Hangzhou, 310018.

Email: chcnboﬂuid@zstu.cdu.cn)

Abstract: Detailed optical measurements of the flow inside the rotating passages of a five-bladed
centrifugal pump impeller have been performed using particle image velocimetry (PIV). The
flow in the mid-plane perpendicular to the pump axis was measured, the rotation speed is
1400r/min. The flow is surveyed at both design load and at off-design conditions (0-1.2 Q). The
ensemble averaged PIV velocity maps and streamline had been analyzed. When the flow rate
decreases to 0.80Q,, the flow was first separated in the blade suction side at one channel. As the
flow rate decreasing, the number of the channel which has flow separation increased, and the
separation zone also increased, the flow in the blade pressure side also began to separate, finally,
all the channels are occupied by vortices in the suction side and pressure side, and the flow paths
are blocked. The stream-wise scale of the vortex in the suction side is larger than that in the
pressure side, and the spanwise scale is smaller than that in the pressure side. As the decrease of
flow rate, the scales of the vortices in pressure side and suction side all increased, the vortices
moved toward the inlet in the suction side and moved toward the outlet in the pressure side.

Key words: Centrifugal pump; PIV; Separation vortex; ensemble averaged flow field.
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The physical simulation of the tsunami waves in offshore area
WANG Qian, FANG Yong-liu, LIU Hua

(Department of Engineering Mechanics, Shanghai Jiao Tong University, Shanghai, 200240.
Email: woshiwangqian@sjtu.edu.cn)
Abstract: This work describes a physical wave-generation system to generate the solitary waves,
surge waves, and undular bores. The solitary waves are generated by a long stroke piston-type
wavemaker, and the surge waves are produced by a special pump-valve system. With the help of
the control system, the wavemaker and the pump-valve system can be coordinated to complete
the superimposition of the solitary waves and the surge wave to simulate the undular bores. This
paper gives the details of the facilities in the basin. The reliability and the repeatability of the
generated waves are proved by the tests. The undular bores can be simulated by the
superimposition method in this basin, which makes the foundation for the further study on the

interaction of the tsunami and the offshore structures.

Key words: Physical simulation; Solitary waves; Surge wave; Undular bores.
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Investigation of the tip leakage vortex with different tip-gap sizes in
an axial-flow pump

SHEN Xi, ZHANG De-sheng, JIN Yong-xin, CHEN Jian

(Research center ofFluid Machinery Engineering and Technology, Jiangsu University, 301 Xuefu Road,
Zhenjiang 212013, China. E-mail:zds@ujs.edu.cn)

Abstract : Large eddy simulation(LES) is employed to investigate the tip leakage flow and tip
leakage vortex(TLV) with different tip gaps in an axial-flow pump, with the objective to provide
the guidelines for the control of TLV cavitation and viscosity loss. The grid filter scale of axial
flow pump with different gap sizes are confirmed to ensure that the grid filter scale in the vicinity
of the endwall region are within the inertial subfield. The effects of different tip-gap size on the
generation and evolution of TLV are discussed by the mean velocity, pressure and vorticity fields.
The results show that there are two kinds of leakage vortex in the tip region, and the scale of the
vortices increase with the tip clearance. Besides, the vorticity and turbulent kinetic energyin the
TLV reduce as the tip-gap decrease, which means the decrease of viscosity loss. The increase of
the gap size makes the tip leakage velocity larger, accompanying with the larger angle between
the leakage and main flow, leading to the greater strength of TLV. The influence of TLV on the
pressure distribution of the flow field in the tip region increase with the clearance which results
in the reduction of the working efficiency. Correspond to the results of high-speed photography,
the vortex center pressure indicates larger tip-gap size is more inductive to TLV cavitation. After

fully developed of TLV, the range of TLV cavitation increase with the tip-gap size.

Key words: Large eddy simulation; Different tip gaps; Tip leakage vortex; High-speed
photography.
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The experimental verification of one-dimensional gravity wave
model to simulate dam-break flood

LIU Wen-jun, WANG Bo, CHEN Yun-liang, WU Chao, ZHANG Jian-min, SONG Jia-jun,
LIU Xin

(State Key Laboratory of Hydraulics and Mountain River Engineering, Sichuan University, Chengdu, 610065,
Email: 1215700143@qq.com)

Abstract: The one-dimensional gravity wave model is obtained by ignoring the convection terms
in the Saint-Venant equation, it has the advantages of strong operability and fast numerical
calculation. Whether it can be applied to the dam-flood flow needs to be verified experimentally,
and there are no literature reports in this area. In this paper, a series of experiments were carried
out in a large-scale flume. Three typical conditions were selected: the initial depth ratio between
upstream and downstream is 0, 0.1, and 0.4. The results are compared with the gravity wave
model by the depth, flow discharge, and other hydraulic parameters. It was found that the
rarefaction wave zone calculated by the gravity wave model is significantly shorter than the
experimental result. When the water depth ratio is 0.1, the steady zone is continuously developed
to the upstream of the gravity wave model, but experimental resultis exactly the opposite; when
the water depth ratio is 0.4, the water depth and flow discharge calculated by the gravity wave
model have a small difference between the experimental value in steady zone. When the
downstream is dry, the gravity wave model calculation results show that there is a region where
the hydraulic parameter does not change, which is totally different from the experimental
observation. The analysis results in this paper can provide important reference for the application

of one-dimensional gravity wave model to simulate the dam-break flood.

Key words: Gravity wave model; Experiment; Dam-break flood; Hydraulic parameters;

Rarefaction wave zone; Steadyzone
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Application status and prospect of solid-liquid two-phase flow and
experimental Methods in centrifugal pumps

YAN Zhao-xu, ZHANG Qi-hua, CAO Li, ZHANG Wei-dong

( National Research Center of Pumps, Jiangsu University, Zhenjiang, 212013. Emil:qihua05@163. com)

Abstract: This paper systematically reviewed the theoretical model, two-phase flow numerical
simulation methods and experimental methods of Bingham fluid and solid-liquid two-phase
fluids.Focus on the comparison and analysis of the rheological properties of Bingham fluids and
pulp suspensions.Secondly, the application of the above theory in centrifugal pumps is
summarized.Third, the structure and design characteristics of the solid-liquid two-phase flow
pump are summarized, and the related numerical simulations methods and experimental
methods are compared.Fourth, Summing up the advantages and disadvantages of the above
theories and experimental methods, combined with the recent experimental work on the flow of
fibrous particle-containing pumps, analyzing the problems in the experiments and suggesting
ways to improve them..Expected to provide reference for solid-liquid two-phase flow, especially

for the study of suspension flow pumping equipment.

Key words: Centrifugal pump; Solid-liquid two-phase flow; Numerical simulation; Experiment
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Experimental study on the-wave dissipation performance and
mooring force of opening floating breakwater

LIU Xin-mei *, ZHENG Yan-na'", JIANG Yun-peng >, ZHANG Chong-wei '

(1.Institute of Oceanography and civil engineering, Dalian Oceanic University, Dalian 116023;
2.Tianjin Research Institute for Water Transport Engineering, Tianjin 300456.
Email:1141584843@qq.com)

Abstract: In this paper, the physical model test method is used to study the wave dissipation and
anchorage force of a new type of floating breakwater which are open to the waves and the back
of the wave side under the action of two anchorage modes under the action of regular waves. The
variation of the transmission coefficient and the anchor chain force with the factors of wave and
anchoring are analyzed. The results show that the transmission coefficient and anchorage force of
the open hole floating breakwater increase with the increase of wave period, and increase with
the increase of wave height. Under the same incident wave height and period, the transmission
coefficient of bridle moor is smaller than that of the cross moor, but the mooring force is on the
contrary. The research content in this paper provides a basis for the study of the wave dissipation
performance of open hole floating breakwater under complex wave conditions, and provides a

theoretical basis for the design and engineering application of floating breakwater.

Key words: Floating breakwater; Experimental research; Wave dissipation performance;

Mooring mode.

437 -



5 Um A EDKE R 2 iR R

Hhk B == CREIGSAEN DR Ie

BEE, BRE, RRE, RAK

it

(1 P E AR T A0, ARSI S B TSI =, YL,
VLB SO AN E S SEie =, YL 6%, 214082, Email: caoyantao@126.com)

R KXEMAERE A RSN EARERTMRE TR EFNERRE, LT
RERAGZMNERERA MzZURAEL ML ELBEFEREF UM TRTNY,
BE AR EAS, BAAZIBLRAAFUNSNERZ —, EHTEEW
RACEHEE. W2 E. BEARNFLEALXAR, BRNATZZWRANEMEEI A
N Z KRR ERZE D RFRUAE AR AFRAN L, BRAZUHSMRTESE
FERFMEEAR, RBRHAR T AREZZNIRENEM RN 50 7170 B2 8] i KB SR %
B, mZ MR R P RABENREE GBS 2 B RN EA R, T EANRE B
BN 5 R # = ZREE MR R A ERE T 4

KRIR: ==zl A%E; RRAR

1 5

illl3

3 A TR R U K T AL A IR 2% S R A W R 2 —, H AR AR et
REIE 27 AR AU I ksl DR 2 SRR IR AR AL M A S5 R SR ZUAIR 3l FFAERE S A &1
PRI MR, PEE ARG . BhAh, = AR A K K BT A 1 R D kSl
PRI, & G A AR EOR, TR . R EENREEES =
FACR AN F R R AR A IR %, Hil T e B R = 2%, H
RN = sl ARt R GR I TH A R

TR LR, ARSI ST, KRE SR s 772 9] 81
U R AU, FLE = e i 7K B E B 2= 25 AU B R i il i e R [ 2 Ak 5 4 5
R M AT T PR T B TS A S AR i Z TR R,
AT TR AU A R S, 45 5 ksl [ 0 A 7 A5 5 R B IR 7S, M s s
W BN S50 5 H = A B J R 2 T SR R BEAT 70, AR AR = 2303 Jo s
PER R B, AT SR AR . e P A2 ik e B o B SR (1 2%

-438 -



5 Um A EDKE R 2 iR R

2 WIRE

RIS AE AR AR R = 78 0 1) /N B 22 T R s K T AT (B 1) B BOR S N
1600mm X 225mm X 225mm, W4ELLA 12.61, JidifE /T 0.5%, HeKiEN 25m/s, 5
BUEJJRATIE N 5~500kPa. i B es B 1 K g R S B S EE

RIGHTN NACA16012 =4 /K#E (B 20, KEXFFOEmATHK, 52K
c=112.5mm, B 1=225mm. FHHHE L 75%5% KAL B Mdh O F 18— A ieds . ek
AR, AT REJER A OALE . A2 SRR ) LA R B 15 25 7= A A A
] 52 FEK F A (A 4, T RIME: Hoh, BISRIM A FREAL EnT DUR RS BT
B =, AR oS dEe whett. il R 5k E N 00, Hik
Hh ) R o B RN 11° .

A §

TS b

K1 MR Z DR sl s K R B2 NACAL6012 KEEARRERE

WIS B W & SRE AL E TR S 7 P il sk B B i 2. Kb —6&
MEERGE N7, KBRS IETRA: 5H— &M BEEKBEMETH, ISR
B A . i AL F AR LA R 6 IR FE R, 7ERCHR R A AN LED 4T 34T
196 FANLEETE A BMEDL WL 3. iR 56 b sl A AL 5453y 6000FPS .

I B 7K P 8 A ik 3 I A GRS U B 3 I R A9k sh, LT3R AER A B J1stE . ok
ik sh Ik 1AL 2% (P1 AT P2) BEFEA 300kPa, F5PEN 0.3%. MM/KWr#s N B&KS103 A, iE
I —ANNKFE SRR B B, HATE WA 4 FoR. REESIRBE N 195652.18Hz, H
DR ik 2l i 3 A% SR i AT R A R, ik sl R 4 A W i 45 SR 3 BERAERATFAE (1000HzZ LA
P, T 7K T 2 4k e 56 T FR G 2 B B (S R

439 -



5 Um A EDKE R 2 iR R

] e ™
?%mphone
i 2 Down wall
Y,ig,# L
xl_ | Pr
K3 ML A B K4 LA E R R

3 W g R Kot

WGP EXA T, XN RN EAE T BWREMIEE ST TR, ATk
BORGERE U =Tm/s , EEo =1.0 Z4F NIRRT M. K e loe SOn:

oc=L="P 0

C0.5pU°

Arb p RABOE RS, p, RRIBHECES, p RKBIEE.

Kl 52U =Tm/s, Tiio=1.0 %4 THEEMAIMERN =SS, Rz T T
= AT A A 2 I B RRE, SO R B AN AN g5 Rk AT . i Z)
(TI~T10) 53Rt EIMlEERAR, EANIERE, T AMARE . HA T1 B ZkrH 7
IEALE A S ARG AL B o BN I AR 8] (BT BE A 2.83ms, BPTEIRE 17 5K . LA Tl
B2 — A ARG, B IR 2SR AT LG B B 5 7 S U B Sk 2 kK
B, TR AR R R AR BA SR 2, BEEK R SN S YN (T2 IERLED,
i BRI, R AR S ERTE . BRI R s B4k, Bl R 4k 45
W NSRS, 7ETE AR T W) ml RN, AR U BREE ) (T3~T10 flfR
ED o fE SRt N fE A, Sl =4 TR 254k, HAC BEZ s n
(T2~T5 EEAED . BT H7=E 0 A Bl 4 AR KR T e 4y, IR PR 4544,
AR TR &5 44 19 i [r) S o A R0 S0 T R 8 I kBT (T6 IEARIED o T v 25 A i) 35
KGR BERAN, BRI ERRKE (T7~T9 IEALED . = Vi & BB A7 7 A= ) [ SR 2
P ) R (AR5, fEFRIANC IR 1A IO R R (T6~T10 IEALED, WAL T1 FiaiRes, 5%
RN A . BRI R R T KR R RE = S A A R, RE AN
JAYAN = AR RIS A 220, (R AR — 8. B A A0 i Bl i T 80 =%
EEAR TS, LT3R o 7R 5 [ S 3 R B UIE R I R R iR g5 4, IR AE =
) b Ak s — AN BH S ) U B A

- 440 -



5 Um A EDKE R 2 iR R

T1 T2 T3 T4 T5
§ e - S B— Y 3 f Wﬁ e T

%

»“
B - aa

Bs —AEMRELES U=Tws, O =1.0)

B 6 2 [R5 B 1A fik s s g R s R0 B 2R, Horp B s S SR 5 A& k3l
EgER . RETRIE, BESHTW T SEES x() WM& 5 PME (), 4

TR LU x(7), R /ME x(p),. 2 Fi—k, B
(1) = — XD =xXO) 2)

(X0 o = X(Opmin) / 2

FHE S aT%0, P1ART P2 BNk sh i AL s & 45 R i A AR 2 A — 5, {H Pl
Ml RS TRE M AER], BRSO Bk R &5 R 0L P2 fE k. t
BIEIME TS WIS BT LRI, 767 TR N S TR E s it 72
L ARATL Bk 3l 77 5638 K (T1~T3), SR 5 Bl = 2 AL 7] R A% sh ik sh s 773888/ (T3~T6)
HA Bk B 70 HBLAE T3 B ZIPHIE, B S 7T CUE B BER 2 = S R vIsa I B
AREEAAR 5] SN T D) W S5 BB U A T s B 2 S B 2 A 2 A AR A H /S
&35 (T6~T10), FHAE T7 Al T8 ZIAIHBL—ANECH B B RiMiEE, maER 6 I
MRS R, UG BIX — I B A 2 AN S kot E . 8 DR T7 A T8 2 1A
(R Eg (K7, ESE K, [ERE 1/6000s) mJ LUK I, X—idferh =254k & i
SE g B RE B R R B S 5 . AR IR aE AT AHENT, X Tk & A st vk
R IR —IEFE, ARSI K S R WA 2 R T R BB AR Y i = X — AT,
T Vg 75 4 R A VAR B oh 2 2 AL R RV B S M I R A [ 5 il . iS5 RS Bark 250
(2004) X2 AEs b SRR I = RS A KRG &, Bl S Es M i KR e B
o 2 ok R P 2 A S5 R TR A AT O

- 441 -



5 Um A EDKE R 2 iR R

5 U=7m/s 0=1.0

T T T T T T
ik )
OWW“%WW#%W e O S
) Cycle 1 u Cycle ] ; i
0.06 0,05 LA LAl > 0.14 0.16 0.18 02

1T2T3ITATSTE T7 T8TOTI0 |
[ T

g ---=-T-=-3F-

0.06 0.08 0.1 0.12 0.14 0.16 0.18 02
{(s)

Bl6  fikah kA RS NELER (U=Tms, 0=1.0)

B Wl ggn M A5 R AT LU B, AR 3 I s iR A B Rk, Btk ET B
WA N = S B RE EL R 2, By LA AT — DA SR AT 35 KR RE 51
e 5 —J7 T R AE K R I Bk, — AN P 2 23 A B 0 R 25 K
B EE — e AL, BEA TR EUE = SR RIH (0.081s BfiT, Cycle 1 F =%
WIERHIRID, A TR HIE = B AR 581 (0.018s Fitil, Cycle 2 FabLIE
BT S D .

T01 T02 T03

K7 mEt R sk E R (U=Tws, 0 =1.0)

AHEFFIH ZA5 5 R E SR, S0 =4 /K 37 = 2 AR 5 45 0 1 f b i
(N T A AR )R Al < P LIPS 738

(1) =S AR5 H 3 SR LA AE W ORI o 6 TR BE ) ik 3 s 7 VA
FORs R T2 5 5 R B A AR TE Bz 23X — R A 5, T T v A0 v M L 4 6 75 fk

442 -



5 Um A EDKE R 2 iR R

WU 5 2= 23 A 4 J A 5 A Tt M ] 56

(2) EEWBURHREAR — L. X TES A RS =2, HFARIrA R
BURYIRE A i B g ki, oz 20 = e R 4 A KA L R i e mh i B e Bt
AL,

Boigt

AARIEFERERFFES (11332009 & 11072223) &K By, 75 AR 2 R4t .

& % X M

1 EEW, R, KEF, . G YR K 3B A% R 1 R I BE T (9], A RR o

2014(5):485-491.

2 Peng X X, Ji B, Cao Y T, et al. Combined experimental observation and numerical simulation of the cloud
cavitation with U-type flow structures on hydrofoils [J]. International Journal of Multiphase Flow, 2016,
79:10-22.

3 Cao YT, Peng X X, Xu L H, et al. U-shaped Vortex Structures in Large Scale Cloud Cavitation [C]. Journal
of Physics Conference Series, 2015:012165.

4 Cao YT, Peng X X, Xu L H,et al. A Qualitative Study on the Relationship Between Cavitation Structure and
Erosion Region around a 3D Twisted Hydrofoil by Painting Method [C]. Fifth International Symposium on
Marine Propulsors, smp’17, Espoo, Finland, June 2017.

5 Goran Bark, Nabila Berchiche and Mikael Grekula. Application of principles for observation and analysis of

eroding cavitation — The EROCAV observation handbook. CHALMERS UNIVERSITY OF TECHNOLOGY,

Sweden, Edition 3.1, 2004

Experimental investigation on the dynamics of cloud cavitating flow
around a twisted hydrofoil

CAO Yan-tao, PENG Xiao-xing, XU Liang-hao, SONG Ming-tai

(1 National Key Laboratory on ship Vibration & Noise, China Ship Scientific Research Center, Wuxi, Jiangsu;
2 Jiangsu Key Laboratory of Green Ship, Wuxi, Jiangsu, 214082, Email:caoyantao(@126.com)

Abstracts: Cavitation is one of the key sources of vibration and noise for ships under high speed,
and it is the main reason for erosion of flow passage components. Cloud cavitation is generally

considered to be one of the most harmful cavitation types, which can produce violent pressure
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pulses due to its unsteadiness and instability during the generation and evolution process.
However, little has been know about the relation between cavitation structures and corresponding
dynamic responses, since this type of flow contains several complex phenomenon including
phase change, flow separation, bubble interaction and so on. In this paper, a twisted hydrofoil
was chosen to investigate the relation between cavitation structure and its induced dynamic signal.
Cavitation behavior and pressure signals were synchronized measured. The results indicated that
the low frequency pressure peaks were related to the break of the whole cavitation sheet, while
there was a close correspondence between the high frequency noise peaks and the collapse and

rebound of part of the bubbly cloud cavitating structures.

Key words: Cloud cavitating flow, Dynamic character, Experimental investigation
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Experimental study on flow motion in a cross rough fracture
SONG Yi',HU Ao-feng', WANG Mu',QIAN Jia-zhong', LI Fulin®, HUANG Ji-wen®

(1. School of Resources and Environmental Engineering, Hefei University of Technology, Hefei,
230009,Email:gianjiazhong@hfut.edu.cn; 2. WaterResources Research Institute of Shandong Province,

Jinan, 250013 )

Abstract: The fractured media of bedrock are strongly heterogeneous and multi-scale, and the
quantification of water flow is a challenging problem.Cross fracture is a bridge connecting single
fracture and network crack,In order to study the law of flow movement in cross fissures, this
paper designed a cross fissure test model with two inlet and two out of variable roughness and
inlet angle, and carried out the hydraulic test of cross fissure with different roughness and
different angle of water intake, and analyzed the law of flow movement in the local fissure. The
results showed that:Under the experimental conditions, the flow velocity V' of the local fissure is
nonlinear with the hydraulic gradient J, and the Forchheimer formula can better fit the
relationship between the hydraulic gradient and the flow velocity. There is a power exponent
g=KJ" between the single width flow and hydraulic gradient, and the value of M increases with
the increase of relative roughness. The local cubic law is not suitable. The modified cubic law
can fit the measured data well. The n value of the gap width index is more than 3 of the
hypercube law, and the n value becomes smaller with the increase of the roughness.

Key words: cross crack; roughness; nonlinear flow; cubic law; experiment.
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