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Abstract

Wind water-lifting irrigation is one of the important ways of utilizing wind energy, which is ener-
gy-saving and environmentally-friendly. Wind resources are rich in western Liaoning region, and
discussing wind water-lifting irrigation to solve the problem of agricultural drought is of great
significance. The status of wind energy resources in western Liaoning region, the distribution
characteristics, the distribution and utilization of rainfall, and the relation between distribution
characteristics and agricultural water demand are analyzed using evaluation indexes of average
wind speed, effective wind hours, effective wind energy density, yearly wind speed change, yearly
precipitation distribution and rainwater utilization, and the feasibility of wind water-lifting irri-
gation in western Liaoning region is also discussed. Meanwhile, the application practice has
showed that wind water-lifting irrigation in western Liaoning region is feasible and it is an effec-
tive way to solve the problem of agricultural drought in western Liaoning region.

Keywords

Western Liaoning, Wind Resource, Wind Water-Lifting, Irrigation, Feasibility, Application Practice

LA 3 X X 47k BB T 1T 1% 504 5 B F SRk

RR&, Fdhy, AT

LA KR, 10T W
B ER .

()


http://www.hanspub.org/journal/ojswc
http://dx.doi.org/10.12677/ojswc.2015.31003
http://www.hanspub.org
mailto:634928668@qq.com
http://creativecommons.org/licenses/by/4.0/

TV H XX 4R A RERE AT AT 23 A 5 8 S i

Email: '634928668@qgqg.com

Weks H . 201542 H16H; FHER: 20154F2H27H; KA HM: 20154F3H3H

=

RARKERENGEFRANER TR —, BEFEMR. TAMXREEREE, HKITXRIRKER, #
RBNTRPOKEHEELER. FHRE,. ARRAMNE. FRRBEE. EFEARL. FREKY
Ay AKMARERTENIETR, 27 7 TR RERFERAMI R, DRFKEN AR R E
Ol NBEEDS AR R SRLFARZEEIRER, HFTLAEBX R BRI A TR, 8 NA
LB, RN PEHX R RN IR AT AT, RARRIIFR TR M HA s

Xiid
LHHX, KB, RARK, B, ATk, SRR

ik

1. 5l

JRREAE R — ey e RTmT B A 1 AR REVRA A BRI B 77, 11 R 3 /KAE S AR 1 FH 1) 2 5
Xz —, (EMRIANOER S HK . NBYUOK AR IR i #h 55 7 T A AN 2k Ay — Flt B 17 B 1] 52 LR F s
FIRIEEAR o« R IEREE . 2052 1 DO R BK B AR 51K R AR A HLG &, T34 W AR &
HAEAREE ., (R AP AL S I TR R R A ISR X

MR RRE T s, FeE Rt 5 o BRI RRE I E X 2 —[1], RAEAorn B E 55 2 A Rt
FIF RBEEAT SRR . JRIE ) KRS TAE B AERIAL e R AK B W3 240 A 4 A e it RoR
fELah I, 2 ZEMAMES T, LT 1 ARG RENC R X ) B E K B AR T 3 2R
TR BRI IX — P s AR, AR B E 1 R 3R K BAR KA 8 TR R JE . BRIERE T, &, &)
MV T A P B B AT 1 & R R DR KL Z0F 4000 &6, EBAGE R m il T3R5 Lk, 78
AR oI5 TE G S RS A TR B, E=Au X R A T A S UOK S AN TR RE RS
%,

CPHLX (54 ST 34.8%, &I TARYOVR B EEIL, HEHT T8, KRERZ,
AR DX RNE G 57 R 52 B 5 i) 29 o AR AR 500 mm 2 45 1 BE K B, 1 B /K B AE 3 o3 AT R,
B2 UMW I, 3% 5™ 507K 3 5% 1 5 XK « Bk R 7K B 95 A 240 0.51 kg/m®,
M4 37K F 4 0.83 kg/m®, ‘Rik[EF k] 2 kg/m® B E[2], ZFEIE. 4R, EEH/ANKER
SRR KRR, WATREK TR, PrEKETRER, TKER TR, HEE T
HUESE, EER R RCK H o H T2 5 4 BRI A eV R B, AT5ARA MARAS LA e i v X A+
A, HEGeih, X 2006 AL P X 5 AR Z R R e s 37.26 447G, TR AR T RANER . K 2 S
RAREEESAG G IS . SR PEH R RE IR T, A5 ORI %) 3950 /BT, 4R35 XU 3.0 m/s,
AT RESE R R (R B R, AR 3K A VI A, 3B PG 2 R K BRI, il %
fiFE T BRI I LA T (X AR A ) il s i 4%

2. XisiEER
WX AT A0, ARSI, B B8, BRI, MR 5.07 77 kmd, (HILTAE M
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TR 34.80%. A5 A, SAL IR AR JL P = KM A I s . X S E /R, A LRl
B2 AR B 1L = 26 P AT RO AR AL T a8 L kAL, 9k 200~1160 2 1], BEpy FERHEAR, JAERHHE, BRI
FEpe g AX H3EE P FL 210.4 77 hm?, 54 SR IRITRL ) 49.7%, HiZ X S HIBLA 41.9%. K
- 2% B A ™ B 1 X 3

SR JBRRIR AT T R RO A%, 8RR 5.5C~9.2°C, ZETHE/KE 470~650 mm, {H[%
IKIERRFIAE N 3 A AN, 7~9 Ay BEM & 2R 7000, F, B REMZETHTRE. BIEE
U AR E o, HAERR 500 m BL Lo AREE, HIRAE R, AR RRLE 1% A . A
X B AR X FR ) 5 R A X o P b, 23 A A DATHORA FERSMR Ay 2 B 98 1 B 4K, TRDA A,
{EAE PR ™ 5, (X 500 m A b il RARIRAMRIRAT, 500 m LAR 40 A0 LA B AR 30125 HE AFI/INEE A\
Bt FRETACESRE RGBT, UM BAR . 0 AR R A R B
3. REEFBRRA RS HME

IEREX WAREMEAR Gl S (A B0 T8, M i, R R ke, okt -F s ).,
RO E A RORRER . RS RS, PRI TG XX TR i SR AL B RN R 7R K
B BOXRE BR84SR T K Z M LG R o ARV, f R R BE S (P
BIRGE AR5 T 3% B R AT/ ) L& 1

MRBEZHRSHER TR, &ul AURREBHRTR R, T3 XUE 4.9 m/s~5.8 m/s, 735 XD %%
117.2~230.6 m/s, FABAS1/NFEL 6116~7052 h, K FETEIENE R 2 Zobrue, 75 2 R THE KRR R %
JRIE K.

JATE IR T 262 B 2R 0 A DL 24 42 3, -l 10 m g P RGN IR T 26 25 5 2R 4T AR A B A
AR—5. HLL 2~5 HRGEEMRIhFE K, 7~8 H RIEMRINHE o BAAEFEHEET R RIENR
FIHRKFEMA A R, AR AR RN R, HAh A KA TR SR, R X B &%
FERSI R 2 R TR EEE R, ATARAR AR /KIS BORN LR, RUE HEARFEH .

TR AN R Th 255 5 ) H ASAR AR L 72 4. 2 5, 250l AR 10 m s RGHE AT X B 2R 55 B H AR AR E S A
FATRD, AREANE, 2 BRI SR AR E 2 57, X BRI S AP E AN ] o A RH S b8 113k 22~7 B XU R

Table 1. Main wind resource parameters of each site
1 BN EERNEERRSH

3l g1 =53 P REMS) PRI EE(WIMP) AR RO /N # (h)
SRR ALY 10 m 49 117.2 7052
eI i 10m 5.3 144,57 6491
W E K 10m 5.8 230.6 6116
Table 2. Monthly average wind speed of each site
5% 2. BuhE AFHRGEEENAL: mis)
- A4
il 1 g
10 11 12 1 2 3 4 5 6 7 8 9
HAHE LA 10m 5.0 4.7 45 4.0 5.8 5.6 5.9 6.2 5.0 42 35 46
eI T 10m 5.7 5.2 4.7 5.1 6.1 6.3 6.2 55 47 46 5.0 5.1
wEJE K 10m 6.5 5.2 5.4 45 6.8 7.3 7.3 6.3 5.1 5.0 5.1 4.7
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Table 3. Monthly average wind power density of each site

3. BB ATFHRINEZEEA: Wm)

\ o A4
ik =iy
10 11 12 1 2 3 4 5 6 7 8 9
ARHE ALY 10m 1136 973 952 705 1555 1428 1924 2182 1127 776 39.2 947
P T i 10m 1910 159.3 90.0 1245 211.1 2468 219.7 1682 1446 1096 1144 1451
W EJE K 10m 2816 166.2 171.2 1044 3437 4334 4577 3262 1434 1307 1214 96.6

Table 4. Hourly mean wind speed of each test area
7 4 BB XZEEHREEBA: mis)

IS 8]
21 22 23 24 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

CE[HERES AT 10m 49 50 52 53 53 54 54 53 52 51 49 47 46 46 46 47 48 49 49 48 47 46 46 47
MY T I 10m 4.6 46 47 47 48 50 47 50 48 45 48 47 48 53 57 64 6.7 6.7 6.7 69 64 57 50 4.8
EREHK 10m 55 55 54 54 54 53 52 52 52 52 51 53 56 60 6.3 66 67 69 69 66 6.1 58 55 55

Table 5. Hourly average wind power density of each test area
75 SR XEEPHRINRZF(EA: Wim’)

Vi EJE 21 22 23 24 1 2 3 4 5 6 7 8§ 9 10 11 12 13 14 15 16 17 18 19 20

[ 10 m117.9124.9135.8143.1145.5152.8148.8143.6138.2137.0125.5118.6105.6 96.5 91.9 93.9 99.1 99.6 105.6100.6100.6 92.5 92.8 102.4
II' 10m102.2104.5115.7127.1137.1132.8130.1129.3117.5117.0113.4131.8135.2168.3197.9234.4256.3276.4271.9251.7205.1176.1138.3118.6
I 10 m190.5192.5185.5181.8180.5171.5165.0157.8157.6155.2155.7180.8218.7262.8301.7324.5344.4364.2365.3336.6280.8246.1213.1202.8

Ee [ ——#IEALAT], T——XE W R, TI——2sHK.

NIWZEFEAR, ER 3N AGBEIRK, T fa KR KD Z% /o IR MR, 11~18 I XUER
IR, T 16 W AR, HEm ET & XA TE R /. %elE Bk 9~18
BRI 2R B AR R, N 14~15 BRI S5k, Fe iR R )y, M3t A w5 bk 1 5 X
AR Ih R AR AR AR —B, BRRE, & s XU AT 2% B H AR L, A R A3 2
A HEAK R EE K o

4. BEKYFR BB FI AR S

B—ERI I NEZEGB~5 A). EZF6~8 A). HZF(9~11 A). £ZF(12 A~F4 2 A). £KZFG-9 A)
A4 6 NAFER B, S SR Z AP RKE. Wik 6.

MERFFE W, Al bR A MR R, BKA RSP EE Z, HohgH R0
T A4 72.9%, MR 68.3%, FEUEHIK L 67.2%. HLIRBEKEZ PR, =AMk S0 b
AAER) 13.4%. 16.1%F1 16.9%. FZEMKBLIEKEE, A0k S0 b 2ER 12.2%. 14.0%F1 14.5%. 4
ZFEREAKED, =AU ) 1.5%. 1.6%41 1.5%.

F—JiH, WAEMAEKFEEYBOKETS, =AUk A5 508 408.8 mm. 476.5 mm £l 428.8 mm, 4y
il o AP 2 K & 1) 87.6%. 81.3% 1 85.6%, JLit /24Xt il AN &, FEAREWETH R AEW A= TR 2
{H5 b SEBRFE KA RET R AED A = TR SR B SL, FERH THKEFEN AL, BKFEEPLE
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Table 6. Yearly precipitation variety of each site

3 6. BURFEKERNZNWERREESR: mm)

- =k
HZ((3~5 H) HZE(6~8 A) #FO-11 A) KZF(12~2H) 4£KZF(G-9 H)
WARH B AL ] 56.8 340.3 62.6 7.0 408.8 466.7
DIk T B A 82.1 400.1 94.1 9.6 476.5 585.9
wREHK 72.8 336.6 84.5 7.3 428.8 501.2

Table 7. Table of rainwater resources and agricultural use

7. MkBERSRIFIRERE

BER SR ZAEFY FRK BHbIK XK FAESESE AHhEAK  FAERFSME

B Gihm) (ihng WECR MR ME  BERE SRR (08kgm) HEFA (083 kgim)
(mm) e m®) Iz md)  FK(kg/m?®) Z K (kg/m?) Z
WIHE 4283 9.14 3.06 466.7 19.99 427 0.15 0.18 0.72 0.86
Mg 2147 5.99 2.13 585.9 12.58 351 0.17 0.20 0.61 0.73
wRE 3633 1153 3.94 501.2 18.21 5.78 0.22 0.26 0.68 0.82

A B LI PR, RN R LU, IR S A =k, G i, i ph S OR
VEIME, A7 PR A T 7 X S el A 7= o 42 T ILAE B 7 7K B R KRR £ 22 727K 1+(0.83 kg/mP) ket
H(ET), =ABERTAREPEAE, 5RIEEFQ kg/m®) A AR Z B, I T RK R SRS L
T AL, BRI ZAR, A REBE R PRUE A A P O ME—TF-Be, T XU 3K RE, /& — R i ) e %

5. XimAEIR % R EY TR K R 5K A B

WA AT E R E T3, WERIREFERA, KEBILCK, BT RIEESEIZL T LRI IR E.
FERFIHIAGE TR, AE N FRE IR R #h 78 Be Y LA S BT J50RS vl 2R 308 11 s 2 2R i B s 4 o XUBE R 1) T
RAHX TR S . SEERETREE ) . CRUEAL S8 R Ak R S5 o 81 B 1 SRS 7 o

BN T SRR R A R A TR R 130U T R 3K B & it A RIE . A2 7= F — AR B Rk Al o
N 22 2 B AR 77 B I AN BRI HR N RS R, W9 I0 H )R FH e PR 5 2 A R R s
MEA A R LER S[R3 748 W BUT TR AW 256 T R I H TR 48 R 3 K BEBEAE S 3 By 5 34T 4
7y MEE. BUR LA THEME S, DBRARK AN AFZETET RN, oL, T AIXIEEEIR
R SRS A I R B SR E T, TEILVE R R 1K EEE AT 47
6. X137k #EBR A FH SR,

6.1. Wit REX 527K R A

7 P A T T S 2 V5 A L R (B R AY), wEW T R, BRI 20 hm?, &%
JEBEER N T SR R R A PR A 7 A2 = B AR R A X038 7KL, 2 & K038 7K ¥ &3 flidiad 500 m
KA KB K K I F) 30 m Ab i 2 BEE Kb, AR E KA 173 mP. kil i BEE KT HIAL
M, & KM KA B TS K AL, KSR G 2h TAE, W — e i KE e 3 SRV 22 N i
Aoy, @i EEEIFSIL T IEISE R AT E WG RM, KBRSk LS T R E g
HO N SRR BR T4 KA TG, Bl IS, Tk N7 AR /NPT X, B ) DU FEE 84 51

O,
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FERMRRRIEX o LR ERAR B, A2, g, KU, RAFEI BRG] RIEHTE .+
SRR TR RGN BEK, [FRF, ATCAAESHEAE, KA RIS 30 i 75 A AE A 38 2 RR A

TERIHRATERE SR AT T, RITA R 4500 Jo/hm?, KRR M 1.82 kg/m?. (7] i FIFH RUBE
RK$e®] 30 m i Z2Ab & K, A B REZ B, 52 7 REIHME, B IS G, T
CO,, SO, MIHEIE . T REM R ML BT ALt H1 X

6.2. BN IRKERN B

N2 P 8 B2 B SR BT AR B A B (B ) B AR N T 5 SR R A AT PR =) A7 1Y
INARRRAR F AT 3K AL, REFTHIAR 10 hm?, /K 772K F v 28 & EE . H A0 3R/K 478 % B He i 3
B, EKIN IR 5 ANIUIED . SR K. ORISR K. PAB RS REK . RS LS
K AR KRG K - AE R BRKHEBR S AF T, ¥ B i A= 5 86.4 Jitk/ihm?, — 25K 69.12 J3 bk/hm?,
ZPFRERIE 96.76 Jyc/hm?. IR X I HR K HEBEEE S 1 WL HL R K I e B 4L R S LI /K 1 BE RV #E -
T CO, ST HMFL, LREATREI R, KB T I IIRAKHER LSS -

6.3. RibE KK TRKERL N B

S FH g T A PH BALVA 1] 2 R A, EE T QIR BRAR KRR, RIAITIIRY 15 hm?. JA$/K BE#
iR 80 m K KB ER K AIE S 10 m AL 1S KT, FAKIBSH 80 m*. HEEFT A EH
K P K BEN ALK FE R o FAUBAE FH IRITFOA K . # A,  (EK S8 F A B 4n e F i i 3 LA
2 BRI

PR IEEAR T, RIS AR LR ER, T TORTER SRR, 723K oK IR
DUT, B B K B R, TR E)A 100%, FIEEFERBL T, KRKBRL, MW E.

7. &iE

1) WX NGRS, ML RBETIRTERE, XK 4.9 m/s~5.8 m/s, 135 X ) 5%
117.2~230.6 m/s, ARSI/ 4L 6116~7052 h, XA TR N EFR 2 Zebnife, i 2 XT3 /K BEBEXT X\
JRIE K.

P AR Th 2% B () ZE T o AR, 5 I A 10 my 3 B ) JRGRT X3 2R 8 e A e B R — 3
BILL 2~5 H KGEARIh 22w, 7~8 H KB R AIN R E o S RE B RG22 KA RT3k
AR AR AT, R RE SRR . A A KR TSGR, RGN R T 26 % 5 35 BE i
AR TIPEKEEEE SR, nTARIEAEY) TR /K BOREESR, RUEFEARASH o RGEFN AT 2255 B (1 H AR RHAE
B, LT RARI W R EEK

MILVPG RN A RHIE R, KGR P ER 2, FERKEEFN 12.2%~145%. KK
A, RRIPEIKBE IR BTN, WREMRIIREEE, FEMR—FRKMZET.

2) K pH/KEME R g, R ST F L R id . PP, B0 & ETFEDSE. 8R4
IKE KRB AR DAL &, TEIRAKH R ZAE T A R RFE IR . FTARYE BT A [F] ik
BT /KB 7 30 U X3k L SR ], 2 57K T ORRE A ML & R A .

3) WAJHE/KEM S T KEB R ARARGE &, HOERAAIIAE T KRG . W REIMR G AN P Ao o i
AT K REWR S B, 1 B E L P AL 1 X S it A 3 /K BER P AT, A3 AR IX ARV FH R SR B /K R 2= AN 2
AR HRZKBEREBEAT 4D R O P R, fil ol 7 A =TT R ok a8, R 7 AR A&, M
BERAI FH AR AR X R oK B ROZRE — R A i .
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