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The effect of pitching motion on the hydrodynamic performance of vertical axis
turbine under different speed ratios

WANG Kai, SUN Ke, ZHANG Liang

(Deepwater Engineering Research Center, Harbin Engineering University, Harbin 150001, China)

Abstract : Floating vertical axis tidal current turbine ( VATT) will occur pitching motion response in waves. To study
the effect of pitching motion, a complex model of VATT moving in the waves is simplified to an impeller moving in
the uniform current and superposed with harmonic motions, and the hydrodynamic performance of VATT is studied
based on CFD viscous theory and ANSYS-CFX software, as well as the moving mesh and the sliding mesh. The CFX
software is used to simulate the pitching motion under different speed ratio and rotating impeller is forced to pitch. The
thrust coefficient and lateral force coefficient time history curves are also analyzed under different speed ratio by the
method of least squares. The results show that, compared with turbine only rotating in uniform stream, the turbine
under pitching motions has a little higher value in turbine’s energy utilization. The instantaneous fluctuation
amplitude of the thrust and lateral force under pitching motion are obviously higher than that of turbine under uniform
stream, which is bad for the structural strength and fatigue effect of turbine in waves. The damping force is the main
ingredient to turbine under pitching motion and the effect of added mass force is small.

Keywords : vertical axis turbine; pitching; damping coefficient; added mass coefficients; hydrodynamic performance;

least squares

Bt A RETRAE BE TR LU 1) b 739K o5 46 AR
R, HHC AT IR o /b fir L i3 AR %
I 5 B 2T AR T A ¢ (0 m] P A RE R IR T AT 5T
[F R 7 R U PR Ay 2 4 AT R 8 | s % AR T
PERYREA, IR TR AT S

TR AE K R AL T 2 AR BEJT A R AR
AR AL T 1w B4 5 2R AT LAy kg K - i A 2
(LAl PARR SRR HE D, 3 208 5 2K E

s HEA: 2016-04-21

E4TH.: ERARPIEIES (11572094) ; BAp T4 AR =54
(E2016021) ; b i3858 K27 1 TR K E s L = 1
TE(1606)

EZ®AN: T 9L(1989—) 5B HHHF5E,
gk 52(1959—) B, #Ez, AR

BIEEE: 70 Fl, sunke@ hrbeu.edu.cn

Bl A, IO 7 2 S AT DAV KA AIL
KA A s A T BP0 B el By
VR 2225 A A AH R 7 30OF 5 72 R AR
Tk A 6 A H R G I8 5l XA T ALK
MK I PEREA AR I .
PRSI BORAE T T K 3l ) R ECE
fb— BRI E CTE I 8, (HE R 28500 i 2
SERHA R A2 ANE UL R TR TR S R r
WEFEAFAEARICBE ST, T DA 27 25 S5 T 4 #10  FH e
TRT L) 25 A8 SR AIF 52 VR T 1 7K 2l 77 TR) R, 4[5 A 44
%I]Ekﬁg.Yeungm PR FRACER T B IR A AR A 57 H:
JK B J R RE A DG P H A A A8 1) 8 ) A R
FORWFFEIR R THIT $537 AR 3 55 ), 28
Ja g T REE R BHJE 28 BOMTR I o i R4 45 2R 3R



- 146 - woR E T

AN S

49

A FHITBH o et 2 e 58T S5 0 T ELZE AR AR s L2
FEUEIT— 1 H 5L Lopes T T 2 BRI )
Wkshiz BT WK 3l P BE , 45 R 2 I 7 2 i 3t
PRI, 3% T 20T I BELE 2 EORBHIn 5 i R 40
LA BRI 0T i R B = 1 HoK R BH e &
s A PR TR A BB N 55 AMEB 20 58 N 53 A
290710 RHE o E0 305 At Jy 1 %6 87 B0 25
P (TR Bk e IR R MK 3h T v RE S T 1PE4R )
ifFge .

{HJR L IE I S5 B 2 24 AME | #2 IR
AR EATTAE B IR P R K B 1 B T A R A
FEAEARKIRINE. PRI CFD 5 5 R0 52 56 0y 32 A AF 5
WeTR Th Z ZAME TR EE A K B I PERE Y 32
. Pavon 25V R I SZEG AT CFD 7 % B 40 B 2 v
TR RT3 1 7K 3h F1 R4, SEER AL B AR N
1 m, J2 B0 K A SE B0 AR R S 6 0 1 BHLJE &R 8K
FIREFhn B 20, IR CFD BB 45 Rt 1L, TF
K AHLAIRE S BT 2 LS H R . 2010 4F, Galloway
SOV T = KOE Rl K A HLAZE B R P A M e
S, ke BLHE 1 s i RN T 37% | J1 A B
35%;2013 4, Lust 210 T AR SE 56 % BLIG IR
e v RE DL BB S B B, (H X BB 5T A BR Tk
SEERKFEHIL.

) H A ik, %7 =7 ok F e IR Tk 3h
PERES WA A T HR R B Be. A SCRI A CFD AR5
SRR ML A A B PN PRz B s O T 1K Bl R
AR O, FF XA R B K e HL 00, I A4 5]
T B KEE ALK Bl T EREXT HE , 4R H AEE XK R AL
K Bh FT IR MR ; HR B /N e vk SR Bl
Y\EEIK AL 7 R 1) F7 22 500 D7 ih 2%, 45 3100k
TR K e HLBELE Z 5008 B D 5 it R 4K

1 ZEa

1.1 IEiPEA
T AR W X fhE W], 2 1 A SrEh

W BE K F AL EESHL.
R T IAEAT, E S

FX
nf%*&ﬁ%ﬁ C[v)( :725
0.50v"DH

W—SETF .
-0 1) 7 R4

F,
pr m f?ﬂﬁﬁ%%ﬂﬁﬁ%%%ﬁ Cp:

0503 IPJEL A= RIS o
R RIS I G “T,%%ﬁﬁ

E=Asin(w,0). b K EE P T3 2O 1) g 2%

A3 o R ) 7K B0 13T BELJE TR RS Jo e 15

CFX - Cx + n’xxw + mxxa ’

_ 0 . ~
CFY - CJ' + n,w + m,a

’

o = 'R _ER' Aw.cos(w.t)R'
v v v
. @'R? ¢R? -~ Awlsin(wi)R”
“r 112 B 1)2 B 212 )
F1 SIHKBIBSE
Tab.1 Parameter list of turbine
5 e
o/(m-s™") e T
D/m A AR
R/m AR
Z LI ¢
o/(rad - s7") TVER ffy T2
6/(°) AR
w'/(rad + s7") O\
A7) PR IEE
C/m CAS
Fy/N (9]
Fy/N M1y 3
Jr/N Yita) Jp
Sv/N %18 )

A L
(Q/Nm R
H/m Rk

p/ (kg - m™?) K
&/(°) PIE B

Wy ERiTIES

R'/m Y

BELJ& Tt A1 B} o Joit 2 1 e

AL E A 0 I RRER,

Fe T LURIT =M BoE A0

0C,
nxx = -
dw’
8C
n, =-—
ow'
SCFX
mﬂ’;x = —_
da’
BCFY
My, =~ Z
da’

=n’ + Iglnfxsin(kzg( £+t Y,
= n?) + ]glnf} sin(kz0(¢t) + lﬂij) ,
=m) + /;lmfxsin(kze(t) +t ),

= m?‘ + k%mf’ sin(kz0(t) + l,/fiw) ,

R S R BT A R AR EOE



55 10 1] OBl AE IR LR AR Sl S Rl A v RE R - 147 -

Coy =C’ +n, @ +m_a =C° + k%Cstin(sz(t) +
W)+l 3 Lnlsin(h0(0) +9L,) ] o' +

il + 3 Imlsin(he(0) + ) 1@ (1)
i 3 2R 00T LAS R SO

— (0 = ~r _ 0 Sk
Coy=C, +n,0 +ma =C + kgl(]”sm(kzﬁ(t) +

Wi+ ind + 3 [l sin(k6() +urh,) 1’ +

[m), + k%[mf},sin(kz@(t) +yh ) 1ta’. (2)
FIHT CFD J7 B AU S Sl 7K 58 HLLE TR P A
¥izah, T LG 3| C, A Cpy 1 P 26, 2R 05
AN IEAU G AT LAAT B 2 2K gl g 10 BHLJE SR
BT
1.2 SCEZKEEHIAEEY
Sz Fh K FE AL A 3B IF 5 — B A AR PR K A e

I—Al Gl —kmpl, YO

i (R 'd
4N ERE | 28 Kk
S— AT 26— B AE H o
T—k 22 58— KA HL 8

(a) S A

S TN
(c) TEFRIK AL

AT, KAWL B AE L F & b, KA HLAE K I
hily N Bl I 38 A I R KR b K I ok
BHDUAS 5] (96 15 0, S 38 B A & Al 1 (a) f
AAREE & BHAR A BAE 1 (b) B, & shil %
i AR LR G B AL A AR R R R S 0
& b AZsS — G5 %, B Vi deiE i
W T 3 42 30 2 L e A SRR L AB B B T iR e
— /NI B FPE T A EZE 0T
LR FE MR AL A 3 | 3 1 12 S0 507 & ] DL
TR ML R A W IR T TR KA G PR /K R S 6 28
XL KA T — RN TR, SC 50 B R
KxTaxiEH (8.0 mx1.7 mx1.5 m), TYEJ & .
0.2~2.0 m/s, WK 1(c) iR, 525 Fr % F KK 58
MR ZE N .v=1 m/s,D=0.8 m,H=0.6 m,C=
0.12 m,Z=2, M /3K J NACA0O018 , 5L K4 A4
Kl 1(d) Fras.

1 SIHZKBRAISEE

Fig.1 Experiment of vertical turbine
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Fig.6 The stress time history curves of pitching and non-pitching motion
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Fig.10  Method of studying a floating vertical-axis tidal current turbine power station
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