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Effects of Venturi-type duct on imposed load and rotational speed of tidal current turbines//DONG Xue, WANG Li
(POWERCHINA Huadong Engineering Corporation Limited, Hangzhou 311122, China)

Abstract: In order to increase the power output of tidal current energy, a new type of turbine blades and a Venturi-type
duct were designed. Through in-door flume test, the roles of Venturi-type duct on increasing low velocity and rectifying
oblique of the inflow were experimentally studied. The effects of different free stream drift angles, length-diameter ratios
and area ratios of Venturi-type duct on the rotational speed of turbine were analyzed. Calculation formulas of the loads
(thrust force, torque and radial force) exerted on the tidal current turbine were theoretically deduced. Changes in the
relationship between the acting loads with free stream drift angles, length-diameter ratios and area ratios of the Venturi-type
duct were analyzed combined with the experimental results. The results show that the Venturi-type duct can considerably
increase the rotational speed of turbine, with the amplitude depending on the length-diameter ratio and area ratio of the
guide duct. Under different drift angles, the maximum rotational speed occurs at the length-diameter ratios between 1.5 and
2.0, which means the guide duct should not be too long or too short. The rotational speed increases with the area ratio, and
can reach the maximum value at the drift angle of 30°. The torque and radial force increase with the area ratio, but critical
values exist for different length-diameter ratios and drift angles. The thrust force decreases with the drift angles. Compared
with the case of free stream, the Venturi-type duct can not only increase the tidal current velocity, but also can rectify
oblique inflow, thus enhancing the power inputted into the tidal current turbine.

Key words: tidal current turbine; Venturi-type duct; rotational speed; length-diameter ratio; area ratio; imposed load

F e DN P13 4 | 280 ok i 11 4>
A (AR EEET) ANH G2 40% , TR E
P A E 8 70% |, (ELRETR R 5 24 25 0 T L DX AY
SUT A Wi XA E AT TR RE (1Y RE .
I RE  DTR RE L 22 RE AN Eh 22 RESE) WK, 2 — T
AP BRI, DRI, bR P BE 1 O R X
Uit DX 22 A ] A 22 5 5 2 A A o s B

HEETE . #ic AR H (2019C31071)

HA T2 E X, BT, 8 R & i i fe bl al
awop S LR R TR I G R PR NN |
SRFTT 1P AT , H A v 3R/ INAZ A D7 1) 82 )
BOR T EL A AE ML A e i b 5 A I O 1) L,
FrARAS A RE R/ INANZ K TR [ RS0 5] B4
TAE A HL A4 T KU K L RIS AR IR S A 184
FEMLK B FIRR R A TR | 0 370 A v B BT AL S

TEEBN .S (1988—) , @, THEI, EEMIFSHARETR TS, E-mail ; dongxuehz@ yeah. net
+ 38 - KA AR A B 2023 ,43(6)  Tel ;025 -83786335  E-mail :jz@ hhu. edu. cn hittp ://jour. hhu. edu. cn



FIRRAL , R A A J il b i 488 A e A AU
BRI . (HII R A F I R LT S Pris AT 2%
B F ) A H AN 2 1 T) R, s 8 LA At
o R a5 A as B4 52 e s A AL %) £ ] 5
] A i BE & L AT T 2 EAE R e A RS TR
R B 5 R BT K 73 ) ( Ponte di Archimede )
T 2001 AR R —Fh e B Al F AR ER R AL, R
Kobold ¥ it REF 12 B, 3 B & A9 DI A5 S T 3k 7
NIRRT o), (L 38 AL 41 o T RR R /N B A e 48K
R ; P2 [E MCT ( Marine Current Turbines) 23 F)
T 2003 AR HH—Fh K ROBUH A B R I
%*}L,,ﬂ\:}ﬁ , 2 [E Verdant HL JJ/A F] HF A Hammerfest
Strom 2 F] SE AR AR i HH K SF- Bl =0 5 el O R
PAEEAIL, X 2B 1 s R AL A AR S LT KU ) v i
AL, F2 TS T O AR 1 B, Bahaj 45
i 4 AR 2 80t RE AP Sl fe LY B e T
B AC LAY I B 5 55 KURE i S8 HL 2 25 AN [m] 19 2
T RE IR ACHLAETE A H AR TR A s A s i R 4R
Batten 552 A48 T T I8 S ALK 30 1 83 ik,
XL AR R AT T IS, 5L TR
PRV I 308 0 AL A K Bl O R EAT T B
Bahaj % 7E4 LK P DU T TR R ALY TR
FHET), Clarke %55 JEFEIE MR B, 4 2 18]
TR IR A LA RR b EAT T 30, Myers %51 76
PEER AR b a1 7K -l 108 e AILAN () O AN []
J T BE AN [ A A f 00T B9 %t 238 Khan
ST R IR ORI 0 K BE R i R 4 O
X 7K Al A B A ALAE T e 2R RE R AL
Jo S5 g5 4 [ PG 06 1 VA e, DX Y0 9 e K
JERT IR 6. 5m/s, AW E T U BE 10 I & R .
Goundar %1338 T 78 KT 5 5 [ 52 FF A K1 FH
TLRERE IR LB IR T —Fh =it K- Al
TR HLIRFEAL . Kang %5 ) F R A0 vk 25 (E
BT 56 [ Verdant HE 323 ) M A 29 AR BT 19 26
4 AR H B KRR R HLA K 3 R

UTAESAR [ NN T it RE A IR SE 8 0 2
sRAEAE AT A B A AL P AR AR A
WFFCHENE S T 5 Z R MG R B AR M S,
HRAE ST RIS, R CFD AT 1
I R LA K B 3 R EAT T B R, o3 b
TR A B LR i SR RS ISR £
XF 7K A5 BT AL AR T AR BT T ) i)
REE A BN R AR A, R R AR g 2 kit 1T
KRR R BALA RN, EAEE STk E
NACA ( National Advisory Committee for Aeronautics )
FONFA T WAL R R Fluent 204753

B T 2R B A K 3 S ReE, SRS IR &I T
— PO H AR B KR AR AL, R AR LA A
SRR D) B LA XA 1 A . R AR A
FHS A SFE o R (N-S ) th kT
SR T SRR AL 0 SR BEA 95 LRI %
KB R K S ALT R A R, Ao KU 3
T MM A R Fluent 4% 2 £ 4 B H
RUS LK EEHIIEAT T = dEBUE AR, 20 T R4
XEAREEHLK B Sy RE B RE A, S H IR I Bh 221
i AWREC ML ShRERAE ; LLAN , 5 1) 5 7K Sl i
ML T R R FAT , XA 230 2 IR AR HIL A i A
ShRE, Betz " R HEN , AR A 3h RE WL e UMLK g
HIf KELCE A 59. 3% (16/27), BI 3 4 /9 1 %
(Betz) # B, % 4n o] 412 =5 03 56 ML A 2l fig X — [n]
A, HETE AN SRR D PE [ Rotech A H] | fE1E
Schiller 23 R4 T ABE A 14 380 38 10 e AL S e FEL 7B
iR R BT HOE S B AR L TR R AL
HOFIE 2R RE R, AR SCIEF 3 20T A& 1) 7K -l
PAF AL R S e LA S48 3 ol B 40 BT A KA I
B BIFSE T S Fr BN S X 3 8 ML %) 48 ek 4 Rk
YEF IR EE ML far 204 fE i

1 REEESENRER

T TE R B P TSR v fEAT o 102 B 2
TmEEHL(3D FTENBLAIAE) F1SC I LR 48 CRATAS
A R B LA I A i) 28, A 1 R
JK I B HH SonTek 74 2% 22 3 ) ] 3% {¥ ( acoustic
Doppler velocimeter, ADV ) & I, & & ML % 3
Photron Fast Cam APX-RS & ¥ # 3% #L £ HMI-
DCI1 000W AR DGR T WM 5%, SC e HL A A8
FRIYAC A4 B A IR H A R S, 52 X A i, e
TR A LIS | UL s Fe ML e 3, & 2 S
T ARS8 S Em i Fe Hls 2 18 (B D od 5390k
SC I HURL S A A BEAE M B s LI BEC
JE v FARFHESE ) .

E1 #imetilxE
FEMR BEM I P i Ae L A A BT G E 2
G ImFEHLI AR A2 SRR — 4R FE
RCRD AR Y A R RS T R R S AR Y

ARA AR A B3R 2023 ,43(6)  Tel:025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ; //jour. hhu. edu. cn +39.



v Q Wi B ) %— YR
\
— L gL

B2 XERRSESHRRARILTEE

REHL K, B A VLI At 3h RE 5% 5y HLAK RE 1 880%
1%, L7 05 v Tk T A O A RE A R e LR AR 1) 2
(IR, % F I, A SCLL NACA 38835 1 oy S
Wit T 3 (a) B BT REE AL o A
FRHLI AR 28 BEA 119 5% 4 20 A0 JEE R 348
A AR T R A T HE L PR T
DK T 2l e i 728 S DA RE A i, BRIt 3 U
HEEAR AR, 8 58 AILAT) AE AR 45 B iy B R (111 ~
865 t/min) , I HA S KA M (K 3(b) Mk
AL Ml E) o KRR v=0. 16
~0.98 m/s, BB RERM KA L/d=0.5.1.0,
1.5,2.0,2.5, HiE LA, /4,=1.00.1. 89 .3. 06,
4.52.6.25.8.27 (A, A, 505l ke 4 Btk 0
) o

(a) WEEHLM 451
B3 #HEBARARNMHARESU=MKBEE

(b) iFeplas fozs phiie e i

2 REBHAUERTERMEENIER S

2.1 REBHIERTEEH
T IR S MUYV oy 2 32 AU F5 4k ) AR
mMiEm g1, HES T AR N

2
T=C,A Pzicosa (1)

KA IR AL I A o S A (IR R HLE
] 55K 5 A1 e A1) 5 C o HE 1 FR B, S A 1Y)
PR, X T B T | 4 ) ZR BB O O A 3G K
WNA B Co=f(a)=0.85 ~0.80;p HIKIHE,
X 3C b LA A T g S R R ik
et IR FR LA B R

AP M TR
M =pQrv, = TmpAvrzcosa (2)
Hrp Q =vAcos av, =wr

AP Q M E r it A R AR v, YD ] R
n A IRFEHLEL 8 0 S TERE B, P ROR N

w = 27n/60 (3)
MR YE A= 10 55 —E AR ) F RN

F = ma :poﬁ _ ﬁZPrUAnzcosa (4)
r 900
Hrp a=v/r m=pQt
K ca RO NGEE s m i A7 IR A) AY o

HpQ.
2.2 HREESREHEENXR
A IR ES AL KSRl o PRy

P :%pADS (5)
tEC(5) P, R AL ) 45 ok i 8 A S T
BUE L
H R IETE R 2 N, /] RoR N
N, = F,vcos @ (6)
X FUORTH AT
Fy =3 Cptv’ (7)
{ob ¢ R T BB B (T)IRAR(6) 15
N, = %C]pAv3cosa (8)
AL ™ A A N, il 7Ry
N, = Mw (9)

A ANTHRFE LA AUARAR % | SF U 2 025 16
B ER IR,

N, =N, (10)
A (8) ()AL (10) 7.
%c,pAzﬁ - Mw (11)

B (2) ) ICAR (1), 1B 2R PR

HEAKX,
__ 60 v

" 2mf2 T -

t =0 (12) AT, B RS IR AR L n ok
TERSE o M A RCERE - R T R C RS,
HoR I B A SRR r=60 mm 4 —HriE R, L
MR FIIREC =10, MPrEnt RS XS5
W 5 , TEANE SEHUAR R W F DL T ISR P i 3
SLE T B, H R K RS
WA (3 (12) THEAE) 5 A ST E /Y L3 an 7] 4
7R, ] DR S S S R AF

3 REERSHMW

3.1 SEKEZLMTREVIERTHNZME
ARSI FE T YRR BES5 5 B0B RIS AH ] 1) 5L

FRASFERRE L/d TEARRRRHEE (v=0. 16 ~

0.98 m/s) A AR A (= 0°,10°,20° 30° ,40°

(12)

+ 40 - KA K A B ,2023,43(6)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://jour. hhu. edu. cn



120 -
100 -
E 80 . %
£ 60
: *
= 40f . o SIE
20 — HHBMH
0 02 04 06 08 10

v/(m/s)

B4 REVEESEREENXR
50°) 1 IE X R A HLME AT 2 2, Y8 T AR
Fb—sE Bl A, /A, = (D/d)* =4.00 I}, o2 S K
LA#L/d=0.5.1.0.1.5.2.0.2.5 % 32 ji 3 55 5
AR (1) 2 (2) Fk (4) AT AR K AR E AT
YERITIREEHL B HE T e ml 7, LUK I
£ v=0.54 m/s ] AFEHAR CIETE FKRAER T
WECAL LW e g iR ge 25 SR L% 1 ~
3, M1 ~3 0TI, Y RKAR AR B 3 7 B i U AR
by NI/ 4 N (E 00 I R v R A 1L N SR
FeARA s G AKAR USRI AR T IR e AL 9 FE 5
W Qi T £ 0% 185 KT 328 9 14 K, SR I B Bl . £ ) —
7 by LIBY St 1R/ WA N EN 3 1 L2 1 i | R e
FEAE— DR KAE, 7 TR A a=30°4 4, Ji4h,
B Ry E I NG R S R R e B D NITITRE S B LN
TEL/d=1.5~2.0 BHE B, SR ERER 72 iy
it — 2 AR s A K AR FL AR AR B i
BL L 042 1] 7 Bifi i 3t £ 26 38 K5 W80/, 76 i It A
®1 AESEKELMERAERATREN LHHED
T/N

a=0° «a=10° «=20° «=30° «a=40° a=50°

0.5 2.46 2.43 2.40 2.37 2.34 2.31

1.0 2.46 2.43 2.40 2.37 2.34 2.31

1.5 2.46 2.43 2.40 2.37 2.34 2.31

2.0 2.46 2.43 2.40 2.37 2.34 2.31

2.5 2.46 2.43 2.40 2.37 2.34 2.31
*2 FRSEKZLINBRAMERTREN EHEE

M/ (N + m)

L/d

L/d

a=0° a=10° «a=20° «a=30° «a=40° a=50°
0.5 0.0064 0.0066 0.0071 0.0072 0.0071 0.0070
1.0 0.0068 0.0070 0.0072 0.0082 0.0073 0.0070
1.5 0.0073 0.0079 0.0088 0.0092 0.0089 0.0088
2.0 0.0070 0.0080 0.0094 0.0097 0.0090 0.0087
2.5 0.0068 0.0078 0.0086 0.0092 0.0087 0.0086

#3 AESEKEILMERAMEATRENLNER A
F/N

a=0° «a=10° «a=20° «a=30° «a=40° «a=50°
0.5 2.62 2.77 3.24 3.32 3.16 3.08
1.0 2.92 3.08 3.32 4.28 3.40 3.16
1.5 3.40 3.92 5.37 5.58 5.06 4.96
2.0 3.08 4.10 4.86 5.90 5.16 4.86
2.5 2.92 3.83 4.66 5.37 4.76 4.47

L/d

a=30°Zc AT IR B RAE . 5 BHUE D 3 A, DU 48 1) )
TEL/d=1.5~2.0 BEEI KM,
3.2 SEEmRAILIRENIER TR

bR T SERA AN, A GRS T S B
AU TR LEAEAS [ Fe gt B AN ) Ot A A O T
XA EI 2 sz, SR8 KAE L —, 1
KAZLW L/d=2.0 B, B8 A H AL, il A, /4, =
1.89 3.06 4.52 .6.25 8. 27 B¢ S i 33 43 HIACA
(1) .2 (2) = (4) 715 2R T4 AR LS B
TAEHI TR HL A AR 1, A5 LAk
T v=0.54 m/s 01 AR 48 T AR LU IE B S AE
TR LS SRR m % 4 ~6, N
£ 4 ~6 TAXER I AEH TR BT
TR LE A S RS K, I HL 545 T AR b — e B 4
Wi 0 T £ 141G DRI 8/ 5 4 T s e AL b Y e L B
A5 TR LR D A A T G DRI 8 K 7 D I AR o=
30° ZE AT FEAE KA s VR iR Ae HL_E A 1) g 3R R
H0 5 B R R ) AR A R
4 FRSEERLLIEGRBMERTREN LHES

T/N
a=0° «a=10° «=20° «a=30° «o=40° «=50°
1.89 0.48 0.47 0.46 0.45 0.43 0.41
3.06 1.25 1.23 1.21 1.19 1.17 1.09
4.52 2.72 2.69 2.67 2.62 2.59 2.56
6.25 5.20 5.14 5.08 5.02 4.96 4.89
8.27 9.11 9.00 8.89 8.79 8.68 8.57

x5 ARASEIRLENERAFEATREV LS
M/(N +m)

A /A,

A, /A,

a=0° «a=10° «=20° «=30° «a=40° a=50°
1.89 0.0030 0.0031 0.0036 0.0043 0.0041 0.0040
3.06 0.0050 0.0057 0.0058 0.0074 0.0069 0.0066
4.52  0.0081 0.0089 0.0092 0.0122 0.0102 0.0096
6.25 0.0125 0.0129 0.0130 0.0152 0.0141 0.0125
8.27 0.0174 0.0182 0.0187 0.0234 0.0186 0.0173

®o6 ARSEERILAMERAMNERTREVN ENEDA

F/N
A /A,

a=0° a=10° «@=20° @=30° @=40° a=50°
1.89  1.32  1.35  1.84 245  2.27 2.16

3.06 2.25 2.85 2.98 4.85 4.28 3.89
4.52 3.94 4.80 5.11 7.53 6.32 5.54
6.25 6.78 7.21 7.36 10.42 8.58 6.78
8.27 9.93 10.94 11.57 14.49 11.36 9.93

3.3 BEKALIREVERERNZM

DU EJE 0=0. 54 m/s 1, AR S iA i7 Ff
TETE T IR Fe ML o bt SC e LR S48 K AR LRy AR 1k
K5 s (Ed L/d=0.0 X% T H d s g, Bk
ARG mE S Al AL A A
BT A8 AR LU 3 R TT B O, ZE A [l i i £ B, 3477
L/d=1.5~2.0 &bk BIH KA, SR 5 Bl AR LAY 3F

KA K A B ,2023,43(6)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn - 41 -



— LRI RN, AEXT T A B E IR, SO R B
EAAAERT LA 4 S A pLR e . B T8 L
BN F A A H T ALY D3RR, R SC e B
R4S TT R BB = i A IR AR LI T AT 3 1=
IR R IR AE LAY ), A0 A R AN GE
KK, WARERE, A L/d=1.5~2.0 HH, WK S
WA LUE ) R MU S SRR A G,
T EL BT I A7 o TR ML 3ok e Ot 3t 3 %) 185 K
T8, 24 o =30° 0 7% T 2 f i, bt Bl
R 1 AR — 25 18 T 32 i R AIG, X 5 i Fe Lt B
BRI

120 p - a=0"
+(¥210
HOT o =20
100 |~ «=30

=40 ST\
90 - / N 3

n/(r/min)

80

704

60
0

Es5 mRENEEESERFEMNTLHE

3.4 SE@REIREVEENZNE

AT L AT ISR v =0. 54 m/s Ry fil,
] 6k S Fr LA A5 76 AS [ O A ) 36 %8 L2 3ok i
TR LR IE O R (I A, /A, =0 S A I TRIEIE
A/A =1 B ERE) . INE 6 AXER ), Cr i
RIS A AR FL I R T B B3R S IR R LA ek, Y
A, /A, =8.27 B Al FE AL el £ 5 M i 50% .,
SR, R SC Fr LAY S48 mT g 25 4R = R e i
MA, /A, <2 B R EE B S A S A TR L RS R 2R
Fhin 0024 A, /A, >2 B IR AL e e T4 T AL L Y
BRI K, X EWE, EIFE SRR
T S AR A AR ML R g, (1T AR B 3 R A
AU B T R . WKL 6 iR AT LLE Y IR FE AL
e T R U O 38 AR P AR AR AR AE I PRI AR, B a<
30°, 104 Fe ML T et O £ 1 188 R T s AR R, A
a>30° TP FE AT S D) Bt 0 378 A 138 R T B A1

130

A

A

n/(r/min)

A
A OL:OOA +a:100
= a=20 —a=30
o a=40 a=50’

o 1 2 3 4 5 6 7 8 9
Ai/A>

Bo REVFERSEERILAELHLE

4 & &

a. LT A EUF LR SCE BRI,
PN (Bl ok 5 S R R (A R R Rt M Y T A = /N
2, AL AR B Al S0 I AR T iR AR L 4
J1 FEAERAR T,

b. M KAT EAAERT, HE 7 B A 3R
I/, 2t o AR ) g I i 3 71 %) 22 A6 T Dt O £
o =30° I AELEM AR 5 500 ik A AN A8 B e R AR o)
FIBERAR L A4 TE L/d=1.5 ~2. 0 Ik BH K
B k7 e H RN A )y T A T R L 1 398 A i 3
K AR TR b B Bl 38 £ 118 18 R A AE AR AL

c. SCIHUALSAE AT I P m IR A LI e o HE
HANER T 545 10 K AR E RN T AR BE 7 R [ D 37
TIET KR L/d=1.5 ~2.0 BfR R, X &
W PE AN E R SR ; 5l 54 1 A B ) 3
KMk,

d. 5HBREEHLL, CE BB S8 R ] L
HE I B [ B i HAA 8 R IR VR, M 42
=i A TR EE ALY BhEE

SE Lk

[ 1] BAHAJ A S,BATTEN W M J,MCCANN G. Experimental
verifications of numerical predictions for the hydrodynamic
performance of horizontal axis marine current turbines
[J]. Renewable Energy,2007,32(15) ;2479-2490.

[ 2] BATTEN W M J, BAHA] A S, MOLLAND A F,et al.
Hydrodynamics of marine current turbines[ J]. Renewable
Energy,2006,31(2) :249-256.

[ 3] BATTEN W M J,BAHAJ A S,MOLLAND A F,et al. The
prediction of the hydrodynamic performance of marine
current turbines [ J ]. Renewable Energy, 2008,33 (5):
1085-1096.

[ 4] BAHAJ A S,MOLLAND A F,CHAPLIN J R, et al. Power
and thrust measurements of marine current turbines under
various hydrodynamic flow conditions in a cavitation tunnel
and a towing tank[ J]. Renewable Energy,2007,32(3) .
407-426.

[ 5] CLARKE J A, CONNOR G, GRANT A D. Design and
testing of a contra-rotating tidal current turbine [ J ].
Proceedings of the Institution of Mechanical Engineers,
Part A:Journal of Power and Energy,2007,221(2) :171-179.

[ 6] MYERS L, BAHA] A S. Power output performance
characteristics of a horizontal axis marine current turbine
[J]. Renewable Energy,2006,31(2) :197-208.

[7 ] KHAN M J,BHUYAN G,IQBAL M T, et al. Hydrokinetic
energy conversion systems and assessment of horizontal
and vertical axis turbines for river and tidal applications:a

technology status review [ J ]. Applied Energy, 2009, 86

« 42 . KA K A B ,2023,43(6)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn



(10) :1823-1835.

[8]JOC H,YIM J Y, LEE K H, et al. Performance of
horizontal axis tidal current turbine by blade configuration
[J]. Renewable Energy,2012,42:195-206.

[ 9 ] GOUNDAR J N,AHMED M R. Design of a horizontal axis
tidal current turbine[ J]. Applied Energy,2013,111;161-174.

[10] KANG S, BORAZJANI I, COLBY J A, et al. Numerical
simulation of 3D flow past a real-life marine hydrokinetic
turbine[ J ]. Advances in Water Resources,2012,39:33-43.

(1] 5ks2 2801, ke s, A% 3 Bl R RE K A HLIESE 5
FIHBARLI]. B RE U HE AR 2011 (9) :1-7. (ZHANG
Liang,LI Zhichuan, ZHANG Xuewei, et al. The status of
research and application of vertical axis tidal turbine[ J].
Applied Energy Technology,2011(9) :1-7. (in Chinese) )

[12] JEH R BRI, K58 K-l i RE K A8 Lt 5 %%
(ERUN ) ] IR R U AR R 272741, 2014, 35 (4) : 389-
394. ( SHENG Qihu, ZHAO Dongya, ZHANG Liang. A
design and numerical simulation of horizontal tidal turbine
[J]. Journal of Harbin Engineering University, 2014, 35
(4) :389-394. (in Chinese) )

(137 BRETRN, 248, X248, 45, 7K XU 8 i RE Kk il R
[T]. W =274l ( T27 ) ,2008,42(7 ) :1242-1246.
(LIN Yonggang, LI Wei, LIU Hongwei. Ocean current

power generation technology for underwater turbine[ J].

Journal of Zhejiang University ( Engineering Science ),
2008 ,42(7) :1242-1246. (in Chinese) )

[14] TAGHE, TAA, 250, 4. KPR R BEK AL A 69
BTSRRI ST C ]/ v AT f A R IR 2P RE &
W2 B8R =R A AR 2 SCHE. b st IR AT PR
REMR A I TERE L AR 22 51 22,2010 177-184.

[15] skI WY, AR AT, R MR, B AR BE XL a) i ) Ui RE L ol %
KRB [ C 1/ vb B AT A RE R~ 2 v fE
Tlb 2= R =R EARTHE 2B SR AL st i AT
A RETR A 2R RE L " AR 2 5123 ,2010:113-115.

[16] Hml, Kok R . R RE IS CEUK R ML K 3 ) 4
PEWFSE [ C 1/ /%5 T 42 [E T RE 27 R HE 218 SR
Jent P E AT A R R RE L R T B2y,
2014 .45-53.

(177 ARSI, e384, 1 H AL i K S P = 4k
BRI 1], AR AD KR EE ,2017,37(2) :33-36.
(FU Shifeng,ZHENG Yuan, LIANG Xiaoling, et al. Three-
dimensional numerical simulation of H-type straight-blade
tidal turbine[ J ]. Advances in Science and Technology of
Water Resources,2017,37(2) :33-36. (in Chinese) )

[18] BETZ A. Wind-energie und ihre ausnutzung durch
windmiihlen [ M ]. Gottingen; Vandenhoeck & Ruprecht,
1926. (in German)

(IR H #1.2023 -02 -02 4k . AEAKot)

(E#%29 )

(9] B, RS, THP:, 55 {5k R E R A F
SRR S e XS [ T]. B TR 2% R, 2019, 13
(4): 757-764. ( LU Jinsuo, ZHOU Yapeng, DING
Yanping, et al. Release of harmful gases in sewage
collection and transportation pipeline system and its
countermeasures | J |. Chinese Journal of Environmental
Engineering,2019,13(4) ;757-764. (in Chinese) )

[10] WEI Jiafang, MA Yiyi, ZHU D Z, et al. Experimental

study of plunging-flow dropshafts with an internal divider

for air circulation[ J]. Journal of Hydraulic Engineering,

2018,144(9) :06018011.

ERETE B BRBEE 55 T & BRI R SR

JVRREDFFEHE I [ ], K3 Ty 2 F o 5 ki A B,

2021, 36 (2). 273-287. ( WANG Xiaosheng, QTAN

Shangtuo, CHEN Yaohui, et al. Advances on the geysers in

[11

[

system [ J ]. Chinese Journal of
Hydrodynamics,2021,36(2) :273-287. (in Chinese) )

SRAUDE, 1 FH A 138 R k7K A T 2800 - g ) 52 Wi
O], 7R A K i B 47 Bk Jg, 2022, 42 (6) : 98-104.

(ZHANG Shuangqing, LIU Jiachun. Influence of shaft and

storage  tunnel

[12

[

chamber shape parameters on storm geysers[ J ]. Advances
in Science and Technology of Water Resources,2022,42
(6) :98-104. (in Chinese) )

[13] i =nik A2l W], 2 BT Mt K 454

PRI 8T : CN217601621U[ P]. 2022-10-18.

[14] 2B/0. A 5HEK RGK I SEEAIIDIFE [ D]. 18
M AR 2015,

[15] 250, KA. B B Ry R Bk B B0 ih 28 Hr 4 K
B REEE IR ] KRR R i 2021 ,41
(4):46-52. (LI Guiji, ZHANG Jianming. Numerical
calculation of aerated flow characteristics in a curve-floor
stepped tunnel with pre-sudden lateral enlargement and
bottom drop aerator [ J ]. Advances in Science and
Technology of Water Resources,2021,41(4) :46-52. (in
Chinese) )

[16] %z M ERAE 067 i, 4. b R rp AR R 2 3K <
PIAHTE Shde EF e [J]. TR 53 R, 2021, 53
(1) 75-84. ( YANG Qian, YANG Qinghua, ZHAO
Zicheng, et al. Study on the water-air two-phase flow
characteristics in baffle-drop shaft during the drainage
[J]. Advanced Engineering Sciences,2021,53 (1) ;75-
84. (iin Chinese) )

[17] %z, A PRAE. YA B s i 3t 4 10 2% TH RE LI 20B7
[T]ARBE R A2 54 (AR B ,2020,50(3) :471-
481. (YANG Qian, YANG Qinghua. Analysis on turbulent
dissipation and energy dissipation mechanism of baffle-
drop shaft [ J ]. Journal of Southeast University ( Natural
Science Edition) ,2020,50(3) :471-481. (in Chinese) )

(ks 12022 -12-12 4. AT 5 A1)

ARA AR A B3R 2023 ,43(6)  Tel:025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ; //jour. hhu. edu. cn + 43 .



