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Fig. 1 3D model and some grid details of turbine
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Tab.1 Verification of mesh independence
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Fig.2 Comparison of digital simulation results and test data
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Fig. 3 Distribution of pressure fluctuation monitoring
points on blade pressure surface and suction surface
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Fig. 4 Comparison curves of time-domain and
frequency-domain characteristics of pressure pulsation on the
pressure surface of bare turbine and ducted turbine blades
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Fig.5 Comparison curves of time-domain and
frequency-domain characteristics of pressure fluctuations on
the suction surface of bare turbine and ducted turbine blades
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Fig. 6 Influence curve of gap ratio on time-domain and
frequency-domain characteristics of pressure pulsation
on the pressure surface of ducted turbine blades
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Fig.7 Influence curve of gap ratio on time-domain and
frequency-domain characteristics of pressure pulsation
on the suction surface of ducted turbine blades

AR MLy R R g Dk sl R R R ) T
A3 T B IR O I e L g R ) e A TR R T
R UL 140 AN U 2 8 5t v 2 TR HG 3 s L 22 5
PEAN K 3 5 s Ay i s g Bk s ALEE A AL e dh
B 3 Ik sl 5t B A it 20 8 ot AR R U336 DR

5 #Hit

a. 8 FE L5 1 e ) bk Bl 2R B8R (8 b AR 3
QA 34 B B Y R

b. s T A8 AT AR B b 258 A R LAY RS R
A AT R R AR A FE DL 46 0 Bk Bl BE L s/
BRELRRNILE,

c. i 5 E M REIE L o XA LM
Cp S/ X H s g ik 3l 45 58 % i 52 ) 4 B
.8 BU/NREEHLM R 5 e A IR 5l 2 R
& LA ARG REARI H kR R A LR,

d. A EEPLI 48 09 1R ) k2l 40 3 22 4R vh e it
AR AT . A i R BIL I e W g T Y R ) K Sl #R
JE IR EN  finhe A8 5 T A RRRAT g Dk sl B
S % Hk:

[1] LIUH W,MA S,LI W,et al. A review on the de-
velopment of tidal current energy in Chinal J]. Re-
newable &. sustainable energy reviews,2011,15(2) :
1141-1146.

(2] RIEF, £304. AT A T i 6e K &8 HLok 3h
Jrke 5 3 A A LT ] K HL B TR B 2%, 2022, 40
(2):177-181.

[3] MENTER F R. Two-equation eddy-viscosity turbu-
lence models for engineering applications[ ] ]. AIAA
journal,1994,32(8) :1598-1605.

[4] WANG W Q,SONG K, YAN Y. Influence of inter-
action between the diffuser and rotor on energy har-
vesting performance of a micro-diffuser-augmented

hydrokinetic turbine[]J]. Ocean engineering, 2019,
189:106293.

(T 4% 189 7)



541 BH 12 ) 5K T A S < BE T R K FE AL A BRIP4 + 189 -

(3] ZEnl ARFEHLIE R GRS A 7 i 050 5 Bk i

4 iR DI, S AR K% 2021,
(4] B KA PN E M REREWW S 28 [D]. &
7T 25 IR R 25 R 5 B SRR 27, 2007.

AU (5] Wik . T 4 . 2 3. . HLAS 4 25 4580 0 A
T K B HL 1 5E R e A UE AT A A 4 T
KR LA A2 2 k3 o B 15 0 2 3% 25 % AL BEIR 25 P45 1), B0 ER T ok 2 2 0 (f

A 4 ; A A T RS e
1\ ’ifimﬁ]k%mmg%%im:ﬁ " Iﬁfhﬁ B S TEMR.2015,37(4) :407-411,421.
R BRI TACKEOURSAS RO R TEER 167 gy seien 2w, 36 F 200w 24 50

OB DFA 25 58 S WL FE 2 0 AR 5T £ 0. 3B BLI i 5 2014
22(3) :800-802.
SE 3k (7] g, YA, s, 54, 3 T4 RAE M & &
o AR R B AR 25 A (T, B4t R
[1] T2, s L 52 B IR P 6 56 20 5 TH.2017.17(33) :268-273.
FICDD. I o B K% 2021, [81 Fefbfh. B R AE . 4l 25 JET 2 00 3T A o g 2
(2] J7 4%, K S KB BLSE &Ik A VT A B0 5 1 D). G BEHER A IAE (1], K 1 5 R, 2012,57 (4«
R PR K%, 2018, 79-82.

Health Status Assessment of Hydraulic Turbines Based on Cloud Model

ZHANG Long-sheng's LAO Peng-fei’
(1. CHN Energy Sichuan Dadu River Shuangjiangkou Hydropower Development Co. , Ltd. , Aba 624600, China;
2. Wuhan Sanlian Hydropower Control Equipment Co. » L.td. » Wuhan 430200, China)

Abstract: The health status assessment of hydraulic turbines is a necessary task for achieving health management of
hydraulic turbines, and is a key step in achieving condition based maintenance of hydraulic turbines. Considering the un-
certainty and fuzziness of the obtained representation information of the health status of hydraulic turbines, a combination
of qualitative and quantitative indicator systems was constructed. The health status of hydraulic turbines was defined as 5
states and transformed into cloud droplets using language scale functions. The evaluation of the health status of hydraulic
turbines was achieved through cloud distance. The effectiveness of the health status evaluation model was verified using a
certain type of hydraulic turbine as an example, which provides a solid foundation for equipment health management of
hydraulic turbine.

Key words: cloud model;hydraulic turbine; health management;health status assessment
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Analysis of Pressure Fluctuation Characteristics of Tidal Current Turbines

HU Zhou-ping' , WANG Wen-quan®*
(1. PowerChina Kunming Engineering Corporation Limited, Kunming 650051 ,China;2a. State Key Laboratory of Hydraulics
and Mountain River Engineering; 2b. College of Water Resource & Hydropower, Sichuan University, Chengdu 610065, China)

Abstract: Pressure fluctuation in the flow field around a tidal current turbine is one of the key factors affecting the
safe and stable operation of the turbine. To evaluate the effects of the duct and the duct-to-rotor clearance ratio ¢ on the
pressure fluctuation characteristics of the tidal current turbine, three-dimensional transient CFD methods and slip-grid
techniques were used to perform three-dimensional numerical simulations of the bare turbine and the ducted turbine with
the blade tip clearance of 6=0.02D and 6=0. 06D, respectively, under the optimal operating conditions (T gz =4). By
analyzing the unsteady flow phenomenon of the flow field around the turbine, the pressure pulsation and frequency-do-
main vibration characteristics of the turbine under three different working conditions were obtained. The results show that
the pressure fluctuation amplitude of the turbine is basically increasing from the root to the tip of the blade; The addition
of a duct can effectively reduce the pressure fluctuation amplitude of the turbine; & has less impact on the pressure fluctu-
ation coefficient of the turbine and more impact on the vibration characteristics in the frequency domain of the pressure
fluctuation; The main frequency of the pressure fluctuation of the turbine is mainly concentrated near the leaf frequency of
the corresponding operating conditions. In addition, it is also found that the pressure {luctuation of turbine blade suction
surface is stronger than the pressure surface, and the addition of duct can effectively reduce this fluctuation.

Key words: tidal current turbine; duct; blade tip clearance; pressure fluctuation





