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Fig.1 Schematic diagram of the Jensen wake mode
TELG B RHLA TR ES o' Ab, RIS

T SRR AT LT
Vie g 1=V1-G(Vy)

i —— (1)
d°X i
(1+4Rr )
Ri,,j:kd'x,i,/""Rr (2)

KA Ve MATRGE; V., N E KHLEY T T2
xR R DX I XU 5 €, ol UL G 28 v J3E Ak
5K ARG HE ) REG R, I XBLEAR R, S da
& AL T UERE B o AN R IR ke TR
TV AR, S RS kA
12 H T ZgRidmiz i
R, KWL R A Bosgm Ik 52
SRS, B AIE T, B R R M T 2 KU
R E A X% B Y S E R R 2
& LI AL T U KL E sz mten ) & 2 Ry
BRI R,

Ao

. Ri; {:L,,,
hes / R,
Ah Na[=1)

S
' K‘l/
(b)Y R

B2 EREREREE
Fig.2 Wake model schematic

FRAE Jensen FEFAAY | & T r= A 1 XU 45 2k
ES R T TR B4 12 5 i A L il
KA, ALEA ) #HTIHHE.,

1 1=VI=C(Vo) Ay
— o

ViJ:VO A, (3)

(1+L}§,5 ‘ )

3P A O B KL A 1 R TRE R 5T i XL
W X B 5 T AR AL S XBLI R4 1Y
[IEi2

W HEAT 0 5 XL Az 78 B i B O X
I RBILE KGR T AR

n VL )
Vj,OZZ I_AO (4)
=1

1.3 FABEni

K FEL Ty R — 3 A A R P B WOk A T
B8 A SO XU R 43R 16 AT T SRS XU
N R R BE EA T SR A IR A A, TE
— XU B X, KGR AR B T g(0,00) M

K(0)-1 "
g(@,vo):lcﬁ(g)l Cié%) } eXp{_ 61206> } (>’(5>

KA 2k (6),c(0) ¥ R R F X 0 N B LA 7R S
ﬁo

HE RHLAYAE K B E PN
J::g(ﬁi,vo)p(u)du+
J::mg(ﬂi,vo)p(u)du
K w0 (0) ¢ AR B RURAR ; 2(6;,00) M i K
[6] T A SR AT 2R 73 A1 BR K p (w) S UKL E 36 il 2 40
/ﬁ\i}‘l—?lﬁo
2 BHREHEBEZ

SCHR[19)48 T RSB B E LY
AU R il 8 R T 5, 200 st
BEE HPR AR T 7= A e i A, B HCIRAS
R B (DSTA) J& TR i | A2 £ Ry B AR
OISR T T 284 PR R RR AT AR
4 Fofr LR B O AS AR R 0 A B TS
(]2 53 T4 IR ) 13 MR g il A Ak fn)

LR AS G IE ANy

xa=A,  (m)x, (7)

S AT S sm, WA T B
ZHICE L,

16

P=8760 Y, w(6,) (6)

- 1619 -



T REREJR

FRASET N
x=A, (my), (8)
AL PR A  m, TR, F
BHTEASL,
BRSBTS
v=A, (m)x 9)
A A" BRI ; m, R BRP T,
B AR T B
BRI T N
w=A; - (ma), (10)

A AR s, R T,
T B SHT 2 9B
DSTA {EANFEAZ Z& [a] i), HA T ERCR R
1, FERH R hy T 458750 5 2 M BV -
AR I /335 o7 3 R B 7 4 i
FHYSER b, A SO — R B
RC-DSTA , %} H b5 pR A A 04T 5 s 5 R 88
T HCHR NS IR R T3, FER A R o ARy
KGRI THOXT, A R B P
FROSE IO BT | DA 130 3 80 38 I (R P
SN 3 R,
TO ST SR A A B L I P

| [OTTTOTITOI0] fitnesst
|
RN — | mlﬂm fitness2
I mm fitness3
4

itness

- FERS AR Bt e
ness> | WG PR
tness i e (L

FOX S B
3 S 3 07 P

&

| [OTOTITITONO) fimess

55N UL = | s,
| [OCTTTTOTOTOF inessfio— ——
| (1TOT1TOI0I0] fitnessN+2 |

B3 ENEEARREE

Fig.3 Fitness value call diagram
3 ETESRSHBE RN
3.1 B Zesb T T R E 4 kit A

BRAT JXCFEL 37 SO e 1k A 240 B — Ay L L

T FB 29 XLl F/ NE B 2o, T A2 2 9
{14 XU 37 OO ik P IXUBIL 20 2 6 i 2 37 M A
LR ZTTHERR TS R F B3 1, 1A R MR S

- 1620 -

2024,42(12)

PEBE 5 1Y TR IR AE XU 3 SO0 18 ik T2 v gk
TR,

AL Ay Al i KL ) B2 2 M P () 0 IR B, 5
AMIE TRI, A8 - SCHR 24188 7R b
TS B B f, HASUE AT LIRS 53 1 A% v
BRI,

25 T RS AN Nl 1] B AAS RST SR Ax i
Ay, WA (x:, ) ZB A TR TR 48 5 v 7 0 ]
8 S A R T
[Z(xl,y,)Aigxm,y,)]z N
[Z(xl,y,)Aigxl-l,%)] .
[Z(xi,}’f)rgxi,ym)]z +

12

[Z(xi,yf)r gxi,y,,l)]z 4

1
TRI(%JJ#@ (11)

Y
[Z(xi,}’i)—z(xm ,%‘+1)]2 +
Ax*+Ay?
[z(xi,y,-)—z(xi+1 ,%—1)]2 +
Ax*+Ay?
[z(xi,y,-)—z(xi_l ,%+1)]2 +
Ax*+Ay?
[2 (i, 9;) =2 (2 ,3’/‘—1)]2
Ax*+Ay?

¥ TRIAE N 2 AT BEIE L A Ab 3 DT 1
JE S BR T AR FH H RUATL 2 2 X S e 3 b A o 1) 2L
Ko
3.2 RC-DSTA 3 ik #3Lik bk A5 B

ARSCH DSTA 553 0 A2 AU 7 Ao 6 ik 7]
ML, 3T RC-DSTA B3 1) KU 3 SOUL e ik S
DUV & B i RO AL B Ar, WALAGOL & A ds
AR & Z AR T

AW, RGO SRR S AR bR B A A
i N O N S DR B 71 2 1 Ly = W R VA R Y 7
PEATAS , B TRI 2 K0 5 B J5 A ) i HE
A

WA D R A2 S B R AT — 8
B FENR) | ARSI 3 9 L A ) 240 o, e R AILAE AT 4
AR Ie SRR K A 25 114 0t i o Ui R 35 2658 /N
S TIERR , DA Lh A Jd A5 AR X ARG A
PEE R (11)sRH TRIAE, X TRI 255N
TRL.~TRI(x;,y:) =0, for i=1,2,--- N, (12)

IR 2. R Z I T RAILIR] ) R AL,
RIS | AHBIE £ , 752 XUBLIAD (%) 25 5 22, SR I AR A
Jensen FRIIAL Sl k2 (3) 73135 16 A4S KUA]




XEE, %

ATE# BBREHBILEGL

Z 3, T8 IR 24 RN, 3 UL B ARAL

XS B KULPE 35 KL R TR MR 7 A FY
WGBS IAA, 15 208 LR R A s i S PR
St XA A T S P AR R U,
AT E B A B RAF S Lo SR IO A A T

%,

eSS, iR PLA e At T
e 24 WAL R U DX, ARG 3 (4) I (6) T3
N B RBLAYAFE L LR Py A

Pyu=8 760 Zp =

=1

llllllllll

XTEWZ@&&JJ“ f“ (BB T g s SR A
PR BA K AR R 36 B BEE D 5%, 7R Rl R ok A
PSR AE S Iy SR AEVEA T HOXE, 2R ) 00 2
0 ST AR N UM

IR 3 HIR s R A RS
0 BRR AR 4,

IR 4. TEC AL KBLHER I € L HE TR
MU B,

JRU R 378 A DX 3 AR A IRVAT LT e/ N B kg 1Y
FEA BRI TH 0, Mg i XU LA B AR R F —
HERIHEAR A gfi =X, 1588 XUBLEY A b o5 s oy
1, ARV E XBLE AR 5 giS R 0, 7E RC-DSTA .
AR T K KBRS sh BB 17 B, T R HT

I RBLHEA 7%
S R A
I Ax?
I())())] I())())]
[R1Ge90=5 e el I

Ay
2 ¥) =2 (¥ Vi
Ax 2

Av+Ay?
| TR
| WEIRIEASH (TR [ | ()

IR

PREATH

FHEAR
LLIVIES

TR A i DSTA B 3 b LR B
thﬁ”’r PR U AR, AR B B EANE
4 iR,

li Swap(2,3) il
AT e e o TTTETo)
(a) ZHAE TR R

J i Shift(1,3) il
[tofoft To[tf——fofo 1 1 o]1]
(b) R HIT TR B

Symmetry(3,6) E

|11110|01110H Lol TTeTe \

(dﬁﬁﬁﬁﬁ?ﬁgg

B4 BRRSEBEZIETFTEE
Fig.4 Schematic diagram of the DSTA algorithm operator

A5 N RER A RUML A TR 24 B
BIE IR [0 2

TﬂmuﬁMTﬂﬁW A —E LA
TR 3 1 AR

FEEAR AR D, X v A A A s A T
W, AL TR B 1 10 a5, DUIXT 7™ A 18 8 3k i i
B IE  #% B TRI R/N#EATHEAR , Sl BR TRI K Y
frE PR TRL /N & 1R SRR | AR5 R 9]
PR 2, XFCEHHEIERYHER 7 R AT RULIE R
TR RN AF & L

MR BRI BT RC-DSTA B ka9 XU,
GO im A an il 5 Fos

3TN

N’ T2
i ~
00 X/no* I

_— e — —— — — ————

ST A A

ey —
AP 1
R(;‘—I?STJ‘\ :
R | M%FEEE%HFTE% | il
‘ Iyl
3 (e @IS ST |
JZ&%E — [ \1\0\0\1|0HIM°‘0‘“”°“‘

!
| |1mmomon—»\1\uomowow
| \

5 REEZHHMYEEL RC-DSTA HikiiE
Fig.5 Flow chart of RC-DSTA algorithm for micro—siting of wind farms

- 1621 -



T REREJR

2024,42(12)

4 THELH
4.1 R 3G FEE B 5T

DI R 5 A2 Z e XU I O e Tk A 451, 7E
ZX L N A & 60 &5 5 MW KWL, XUHL 374

A /m s
C—w.=25
CCO21sWw<25
EE17sw<21
125 W<17
BN g <W<12.5
N 4<W <8
N O<W.<4

P2 57 km, jALTELY 37 km, Fht X3k pa L 2=
IR AE I AR, AR LAY B AR, LR
X I HIE AT — e AR, TR 815~1 050 m, 31X b
S BN RENE , 12X R B I LIE 6,

N(90°)

& 6

L5320 16 A4S DX, RS A 7R 53 A1

S(270°)

RmH R E

Fig.6 Wind direction rose diagram

CDF LS4 R M 7 fros , ZHE8EL R 1,

1.0 3

1.0,

1.0

1.0 i =
0.8 0.8 0.8 0.8
. 06 0.6 0.6 0.6
a
< 04 0.4 0.4 0.4
02 —_— =AM 0.2 — — AL 1 0.2 —_— Ak | 0.2 —_— Al
------ AU Kot EERRRRY AR S ¢/ e KU e R
0.0 0.0 0.0 0.0
0 10 20 0 10 20 0 10 20 0 10 20
R vo/mes™ JRGH vo/mes™ JRGHE vo/mes™ RGE vy/mes™
(a) AU 348.75°~11.25° (b)JAA] 11.25°~33.75° (¢)An] 33.75°~56.25° (d)Km] 56.25°~78.75°
1.0 1.0 - 1.0 1.0 P
0.8 0.8 0.8 0.8
. 0.6 0.6 0.6 0.6
a
< 04 0.4 0.4 0.4
0.2 — =g 0.2 — =L 0.2 —_—— A 0.2 — — ik
------ R A e e JRUEE B e KU oo e RSB
0.0 0.0 0.0 0.0
0 10 20 0 10 20 0 10 20 0 10 20
R vo/mes™ G vo/mes™ KGHE vo/mes™ JRH vo/mes™
(e) KU 78.75°~101.25°  (£)XUIA] 101.25°~123.75° (g) XUl 123.75°~146.25° (h)XUi] 146.25°~168.75°
1.0 1.0 1.0 1.0
0.8 0.8 0.8 0.8 “
= 0.6 0.6 0.6 0.6
8
“ 04 0.4 0.4 0.4
0.2 — =AMk | 0.2 — =AMk { 0.2 — =iz 0.2 —_— i
...... SR e KGR e KU SR e KU
00 WG 00 G 00 IR B A 0.0 G K
0 10 20 0 10 20 0 10 20 0 10 20
JRUH vo/mes™ G vo/mes™! JRGE vo/mes™ R vo/mes™

(i) An] 168.75°~191.25° (j) AUl 191.25°~213.75°

(k)R] 213.75°~236.25° (1) ALl 236.25°~258.75°

1.0 7z 1.0 = 1.0 e 1.0 T
0.8 0.8 0.8 0.8
a 0.6 0.6 0.6 0.6
S04 0.4 0.4 0.4
0.2 — —flAiZ] 0.2 — —EML 0.2 —_ — Ak | 0.2 —_— ik
------ IR e e U R e RUEUECH s e RUHOECHE
0.0 0.0 0.0 0.0
0 10 20 0 10 20 30 0 10 20 0 10 20
K vo/mes™ JRH vo/mes™ JRH vo/mes™ JRH vo/mes™

(m) JRUIf 258.75°~281.25° (n) ML) 281.25°~303.75° (o) ALl 303.75°~326.25° (p) Il 326.25°~348.75°
7 RUEEBRUE
Fig.7 Wind speed Weibull fitting

- 1622 -



IMEE,E A TR BAOREHA T 0 1400 L 24 R R 3 Ltk akAEAL

&1 16 RETEHBRSHEME
Table 1 16 wind downward Weibull parameter fitting

AU B X/ (°) k c
348.75~11.25 1.408 0 34434
11.25~33.75 1.4877 4.5659
33.75~56.25 1.889 4 7.708 3
56.25~78.75 1.938 7 9.5825
78.75~101.25 1.6507 8.176 7
101.25~123.75 1.6336 5.648 9
123.75~146.25 1.296 1 55131
146.25~168.75 1.3609 5.7893
168.75~191.25 1.680 8 43735
191.25~213.75 2.068 9 54021
213.75~236.25 2.0759 7.570 5
236.25~258.75 2.148 1 9.5340
258.75~281.25 2.1562 9.634 1
281.25~303.75 1.783 7 9.8537
303.75~326.25 1.5719 7.066 4
326.25~348.75 1.4972 34816
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Fig.8 Wind turbines layout results for 3 methods
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Table 3 Comparison of annual power generation of three

arrangement methods

RALHEAR i AR HLE/MW -h
GA &3k 1074 270.13
RC-DSTA #.#k 1075 284.23
LRERTE 1070 389.32

H %% 3 A, RC-DSTA B yE A 4E &K L& [T
GA ByEEH 1014.10 MW - h, b B R A HAR =
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Table 4 Some wind turbines position coordinates m

RS X hiAsprR Y Ak VAL
01 764 6112 608
02 3820 35 144 694
03 9168 3820 706
04 16 808 19 100 736
05 18 336 35 144 843
06 22 920 36 672 822
07 38 200 35 144 800
08 40492 25976 770
09 51952 35 144 865
10 55008 35 144 873
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Fig.9 Wind turbines layout optimization iteration curve of

two algorithms
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Micro-site optimization of complex terrain ruggedness constrained
wind farms based on im—proved discrete state transition algorithm

Liu Jiahui, Wang Cong, Zhang Hongli, Ma Ping, Li Xinkai
(Xinjiang University, Urumgqi 830017, China)

Abstract: In order to solve the micro—siting problem of wind farms under complex terrain, an
optimization strategy based on improved discrete state transfer algorithm (RC-DSTA) is proposed.
Firstly, in order to solve the influence of ground flatness on fan placement, the terrain ruggedness
index (TRI) is introduced to quantify the ground flatness numerically, and the points with
excessive ruggedness are constrained. Secondly, a wind turbine layout optimization method based
on discrete state transition algorithm (DSTA) is proposed to calculate power generation by multi—
wind downward three —dimensional wake superposition, and the DSTA algorithm is improved to
reduce the calculation time of fitness value, so as to shorten the calculation time of complex
calculation optimization problems and improve the calculation efficiency. Finally, taking a wind
farm with complex terrain in Xinjiang, China as an example, the algorithm is compared with the
microscopic site selection results of genetic algorithm (GA) and engineering design under the
background of the same terrain conditions and objective function. The simulation results show that
the discrete state transition algorithm is more effective than the above two methods in providing a
reasonable fan layout scheme considering the characteristics of terrain factors.

Keywords: wind farms; microscopic situation; complex terrain; discrete state transition
algorithm(DSTA ) ; terrain ruggedness index(TRI)
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