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Fig. 1  Structural diagram of variable eccentricity wind turbine
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Fig. 2 Thrust schematic in lateral state of wind whee
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air flow angle of attack

FEHL L7 1S 30 R
M= 2Cpll —ay VoA L, (8)
Rt 1, —— SR 0 B B B m,
23 RefiEks T EERRRNES
T XU A IR S A 0 JXR il 6500 1 g
57 T — B L5 RS 3 1 T AR LA ST
TR
M. +M,=M, (9)
.

2uA, cos 0\/V§ sin’@+(V. cos —u)
10)
(ecos@+L, sinf)= %CN(I —-a)’V,’A L,
I3 Hra(10) 0 T 25—k 1Y AT fi O BE KU AL
;H\:Eﬁﬁﬁ:{ A»\ m%ﬁ]‘ﬁ:{ A[)\ E%ﬁﬁﬁ}%%*‘u‘%éf
PR L, DL R R 3 R 0 2 G thub BRE L, Y 0
(8, TR 2 R Fe O i #7560 K5 ph A i KGEE V., DA S i Lo e
RIRGE o XALIE 1 AT A2 fg Lo B KT BILAY AR AL R
HEAE DR Yt R o B 18 [V P 02 DU 7 A A v
RO IR A i i AR e 8 3K B ) A B 8OR o

3 AZRAROEE XU AL H Th AR S A

XTI R Al bR 25T B9 T BIL , PT R )
AL H A DR

3.1 XU D ZR 4 H
WNE S i, b5 0] A8 G0 BE XU BILAE KU ] O £
BES 0 I i 2300 43 A, W] LARR 48 3l i L o5 I
A A XA i A P b 7 1) 1) 23 i DA KGR V., cos 6
TN B BT R R A % S AR
J7 W bW gr i —aV, 78 B E R Ry ) i R
V, M
V,=V.(cos0—a) (11)

K5 USRS T /Y i e R =
Fig. 5 A schematic view of rotor momentum theorem

cornering state

AT 2R R I TR R AR ARk, e ORI JE T 1
RNV, R RV, -V, S AR
P E AL TR R R . SIS R AR T 5T
Sk [ F il i sh SRS R 125 A

(pi=pA, =V, = V.)pA,V.(cos 6 —a) (12)
K, pr —— W ATI R, Pa 5 p, —XUEE I 1O
., Pa .

Xof it A TP I T SO B A Ui i 4 ) 1

FHAAZE A R AT A3 KA S Zh Ry
P=2pA,V.a(cos 0 - a) (13)

2 KU A Al 55 AU e R 0 Bt AR AR D 2% BRI e A
Wb D)% P,

P,=P’ cos’0 (14)
K, P, — R TERE — e M Fh i %, w
P —— XA A e i B S i tH TR, W
32 MeeFI A EMTK

Xt AT A fg 0 B R T HIL, 245k i KUV, N T
W B, AR b, RIEM R B, BT A
a=¢,—B o —MIEOT, o FERE/INT T 63 70 (1115 A
B o, o RTRGE V, KT8 KGE B, XU 78R I
DR QO B 1) S TR T R 26 0 D #7100, Bt
AW >, MBS B AL, T LU Y 2 A
o, >a, ANEL6 FiR" s MU o, KTIEALAMA o, Z
R S TR R R N (15 G it LS AR L7 NI
TR EECE TR



326 XK [H

R 411

Ko Itk
Fig. 6 Diagram of angle of attack change

R, A Al 28 ff O BE XU LT A A v i a3 oK
i O FEAE XUAE 00 i #1038, KUEE AR U X 1o )4
SRR N , it Zh SRR 08/ 5 55— T, DR XU D
10 B R AR AR Z IR, B o BEEZ 3K,
2 A 2 (0 XA B 2R AR, A Ak
ERIXBEA AL

4 [PEBRAIFERIFSNT

R AT 5 OO B XU ML AR DL, 1 XU o
S AU 308 3 A g B R TS0 DX s T AR AT
a3 2 A Fe 2R BN DR A X LAY H Y.
AR XU D e o Rt v, S — T T SR e a b g L 3
— I R GE I bt AR o AR —ad A, XL
R R Geik 2 HE R R BE IR I 46, 2 AR AR TE R
R A A0 i % 3 R v LA XS i 2 A, e LA R R ) R
S WAL AT ARG E PE S e bk AR A W E X
I ER g I DAP N UESUe WA

M,=2], 0w sin & (15)

Ao, J, — WA B BB, kgom® 5 0 —— KUAB 4R
[l 2 e o 00 i 1) £ T, o/ min 5 2 —— JRUES O E 2% £
R r/min,

3 P BB Y SRk 5K, 4 A B R g A A M T AT
L BERR R H A T S O O 1) i AR X i
R, T KU SR AR 8 O A T R 8 RE QR Il
o O O 1) A RE o AN 57 AR B BE AR ) R/ A
[ 2 B T (R T XU A O 3 R, 2308 XU 1)
P £ i/ N T o) D 2, T o R P BE AR R S
P/ S 25 N T XU 0 D 3 R s DX 2 A0k 5 1]l % £
BER B9 77 18] i % o

5 SCIGIGIE

R T W5 AT AR Qi XU T ALY R R X —
1.5 kW ok B al AR O BE XU ML AT KGR RS . HL Ak
SHIFE 1,
®1 RANSHE

Table 1  Parameters of wind turbine
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Fig. 7 Experiments test wind turbine

a. WITHLUEHL

513 FHERERS

Xof AT AR QO B XU ML G ) S5 R G A T 0 A
B0 28 D HLAS 25 T B R E . Ik R G
g SIS W AL BEX S HLIE AT B B B BN A 2



1044 A8 H R mAR (O XU L 28 v S B0 e 327

B, gk 2 s,
T2 MR RBSHE

Table 2 Parameters of test instruments

W% WGR e Ili=eee|
B EUE/V O RURGEES  WBVI24U02-0.2  0~500
W HL/A RS WBI2248-0.2 0~100
KAJESkPa JEJASIERS  JQYB-1B 0~110
KAMEFC  IREASLS  DWB-BP -50~70
TR MBEIC o) fEEEES  KTIVO10B 0~360
JEFEINEE/M,  FAREES  WBF324aS2 0~100
52 EHAR

308 32 000 3 XU T AL AN [l o B X by A [ A i XL i

TR HUII RS £ B DL T R AE, B E BRI A 4%
TR eI
53 SLWHERRSH

5.3.1 Ao BE AR It U Xl 2 £ 749 52 i

A 20 (10) AT, XUE D 5% 7 B2 2% H O O B85 R R Ji
DR G (] P 1 o T 0 U A O BB XS i 2 #8114 532 i
Dt gt XU 43 5310 o 8 il 14 m/s,XULK“WH‘L‘EEﬁ)ﬂJjJ
0.25.50.75 mm, 73 B KUEE D % £ Bifi O O B 9) 722 46 G
Fo M 8 ATHL TR R — XU T, A O BRI 0, TC
T XU 1) 2 A B 30 J2 1) A I A% Ji % R RE R <=4 L (R
SR )2 1) A i A S GO e 7 BE AR TR) 33 02 e 1 AT 722 i
O] & HLHLI T ik 3 S NACA4412 JEXTFR
A0 A O IR i U FHAE XU AL e 38 |
Az 8 FHBEL L AS [R5 3801 o LR 6 UE R U R X Ji 4 £
B EEE ] O Ay ) o0 BT St It XU 5 8 £ 1) D 2R
P&, R HU Lo 52050 25 150 mm, X 87 346 37 XU 73 5]
7 8.10.12.14 16 m/s. &l 9 A0, £ [F] — i 0 BT
R KGR HG K, TS RS 1] 26 5 1) A D 5 , 0O % £ 2

45-
40t
35tk

—— i

0 25 30 25
f Lo EE /mm
a. SRRGH N 8 m/s

550
50F —=— /A
451 +X‘TWH
40t

o 35¢

@m-

& 25¢

& 20f

E 51
10}
5.
0

25 50 75
f /Lo FE /mm
b. R Kk K 14 m/s
B8 Ak ff it e U 11 28 A6 G 2R

Fig. 8 Relationship between deflection angle and eccentricity
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EXPERIMENTAL VERIFICATION OF POWER REGULATION
METHOD FOR VARIABLE ECCENTRICITY WIND TURBINE

Bao Daorina, Liu Xujiang, Wang Xiaoxue, Li Changchun, Wang Shuailong, Liu Jiawen
(School of Energy and Power Engineering , Inner Mongolia University of Technology , Hohhot 010051, China )

Abstract: On the basis of previous study results, the working mechanism of variable eccentricity wind turbine is analyzed.
The relationship between deflection angle, eccentricity and incoming wind speed is given. The functions of rotor and tail
derived force and torque are deduced under the wind wheel cornering state. The stall effect and the influence of gyroscopic
moment in the process of wind turbine sidetracking are analyzed. Taking a 1.5 kW variable eccentricity wind turbine as the
test sample, a wind tunnel experiment was carried out. The results indicate that the variable eccentricity wind turbine can
adjust the eccentricity to drive the wind wheel cornering under eccentricity over-rated wind speed conditions. When the
wind speed reaches to 15 m/s, the power coefficient corresponding left and right eccentric conditions can be reduced to
0.190 and 0.193, the power regulation error in this process is less than 10%. The results demonstrate the feasibility of
variable eccentricity power regulation method, which provides the theoretical and experimental basis for the design of the
electronic control part and development of the final product.

Keywords: power control; wind power; aerodynamic; small wind turbine; wind tunnel experiments; eccentricity; wind

turbine yaw



