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1. Wheelbarrow 2. Pump and diesel engine 3. Control valve of sprinkler
irrigation 4. Pressure gauge 5. Control valve of drip irrigation 6. Pressure
gauge 7. Filter 8. Pressure gauge 9. Vacuum gauge 10. Fertilization
tank 11. Control valve of fertilization
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Fig.1 Structure diagram of sprinkler-drip dual-purpose
irrigation machine

YU T HUEAT, TR BHERITT, 5]
TEHEN ], T P R RE S, LA ST
THIEAT; R, HEETHIETT.

BV HLALE BRE A 3 hm? 227, bl
Y AT ARHE A R VE P sAS [F) 38 14 75 5K B W Hb R AT
WS TE 2 PR 7 U, O T H R AL
HHEEKTE A —RIPUIR, $Em THLA R IE N g
1.2 ZiHEFR

1) HUAAERE: PN RERE S LA s — T
BLREFEAHLL, NPFAK 5% ~10%:;

2) WEHES ST ERA: W CWRE TRERORHE)
e, FERTh RGN, WEHESS A A NAR T 75%,
HREE Y 5] 2400 0.75 DL k5

3) WS RE: (RE TR ) M
T, THRE S BB NAKR T 0.8,

2 RNERIGHEMANANLESR

2.1 WEENTRE
Fep 2507 Tarjuelo 250181, Moreno 451913456

UEAFR, FEMEALAL 22 )k B ML AR A T
TRERERERR B EEAER

DRI, P35 VB 1 FE AL A 1R R0 T L A A 2L
AURZC, hSEILmERRE P VLA ia AT, 2w
TE—F AW, R AR LB, R 2 AN TOLR
pfE Tk, B TWHE Lol e H T
FETDUR, BFG, mmER AR, BE-e
i £ B .

Y95 K2R IR H AT S 50ZB-30C A&7
I, RH] DOE 5 it AT IR 43 brids, BBt
HE HE S T4 50ZB-25C, 4k BT A
W, & 2 24 50ZB-25C B T2 1 fig 26 1K .
50ZB-25C [FJFEAR S WL 1.

70 2100 70

60 1 800 60
= S
£ 50 1500 150
2 z 2
5 4 1200% 140 5
o
= 30 + 1900 § 130 £

hai

£ —*—ifiHead 600 % 120 =
N 0 —m— 3 K Efficiency 200 B e
—&— I ZFPower 0 10 %

0 5 10 15 20 25 -0

Y Flow rate/(m*h)

B 2 50ZB-25C A ST Lo RoK A M AE 2%,
Fig.2 Characteristic curves of 50ZB-25C pump
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Table 1 Parameters of 50ZB-25C pump
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Table 2 Parameters of sprinkler

wiy WORRE gy BE g
Type Sprinkler Pressure/kPa Flow rate/ Sprinkler range/m
diameter/mm (m*h™
15PY2 5.0x3.0 250 1.94 14.6
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Table 3 Parameters of dripper

BEER TAEE bl 3k A ER BN
Capillary pipe  Pressure/  Flow rate/ Dripper Capillary pipe
diameter/mm kPa (L-hh spacing/m spacing/m

271 10 271 0.3 0.9
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Table 4 Parameters of machine configuration
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MoK HbsE TR , Main pipe S;rinkler Capillary pipe
Length/m Width/m Area/hm dlarr'mter/ number number
105 255 2.68 65 7 34

BUAAP R E M E 5, WFE TSP
FHANF THL T IS T 24, 384T T KR
- ERE IR M2 5 BRI D 2 AT AL KR IR
Yt 2l U I T AT, A R R ok e ) T
K Syt gte2,

2 M B 7 AR K v A A R — R AR
Kt J5 ) ho (EREAT RS, b A8 T8 A S (1) JF 111 308 4 0F
ATK IS, TSR A A HE K HS 1 s ) S e DL
B ) S

SRS, FUENAIAR LA T iz T2
#, WS,

F5 MEBITBE
Table 5 Operational parameters of machine
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Table 6 Results of energy consumption calculation
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Fig.3 Outdoor tests of unit

2 GB/T50085-20072214% g ik ik it 16 IS 2
o M4 WHE THARE AT ErE .



AFECAR /NG R I AL i (1 DA i B e P R 59

LR 2.15PY Wik 3. WOkR4Y 40 =i 6. Hk
1. Pressure gauge 2. Sprinkler 3. Sprinkler riser 4. Tee 5. Plug
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Fig.4 Set test disposal schematic diagram of sprinkler
irrigation condition
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Fig.5 Set test disposal schematic diagram of drip irrigation
condition
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Table 7 Comparisons between experimental and theoretical results of sprinkler irrigation condition

DR pi R pou F- s ) p,  Pressure at every measuring point/MPa
Pump inlet pressure/MPa Pump outlet pressure/MPa 2# 3 4# #

SR IA S

AP -0.026 0.248 0.244 0.242 0.241 0.239 0.238
Average value
L 0.274 0.250 0.247 0.245 0.244 0.243
Calculated value

AR 2 1.08 2.40 2.04 1.63 2.05 2.06

Relative error/%
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Table 8 Experimental data of drip irrigation condition

Bk HKREOED Pin KHOK) Pout S =i Pm
Speed/(r-min™) Pump inlet Pump outlet Pressure at every measuring point/MPa
pressure/MPa pressure/MPa 1# 24 3 4# 5# 6# T# 8# o#
3000 -0.036 0.184 0.102 0.095 0.095 0.088 0.092 0.091 0.11 0.112 0.11
32,2 muKESA IKFTIAF 7K B 0T L0 A3 3], LA E 34
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IR . RO REAS TAEALE EALALT) TR Table 9 Experimental data of sprinkler irrigation condition
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Table 10 Flow of measuring points
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Flow of measuring points/(L-h™) ! 2 8 4 S 6 ! 8 o 10
254 2.56 2.89 3.14 2.54 2.81 2.82 3 2.93 3
1# 2.75 2.73 2.78 2.85 2.78 2.78 2.73 2.84 2.74 2.75
2.62 2.86 2.84 2.81 2.62 2.86
” 2.73 2.84 2.75 3 2.73 2.7 2.84 2.84 2.84 2.73
2.73 2.78 2.78 2.73 2.7 2.78 2.73 3 2.95 3
34 2.56 2.18 2.84 2.95 2.95 2.95 2.95 2.67 2.89 3
2.73 2.56 251 2.73 2.56 2.78
m 27 2.82 281 2.7 2.7 2.67 27 2.75 2.73 2.73
2.59 2.62 2.59 24 2.37 237 2.35 2.35 2.32 244
54 2.78 2.78 2.78 2.84 2.75 2.75 2.78 2.75 2.84 2.78
2.37 24 24 24 2.37 2.35 2.48 2.45 2.18 21
2.78 2.73 2.73 2.73 2.78 2.78
6# 2.62 2.67 2.67 2.62 2.56 2.67 2.62 2.73 2.73 2.73
251 2.56 2.56 2.56 2.29 251 251 2.45 24 251
4 & it e THULL, LA REFEFEK 9.4%.

3) FEESMRG R E Y I HLALRE K3

SJRBGEAT M. W T 0L REC 80.0%, i
- e RET OIS R B0l 93.6%, = T bR, HLAME
TG K AT . e 2 R DO R A 936%, T IAChNE, Bl

e, WUALRERENT, WAL APl

2) RHBRIFHRIAG AW, WA 5 £ % W
WFS ORI RERS PN B0 4T T00, SEWLAAALIE [ AL, Zeer, P4, 2. BmmenE s vt mig
B OCUHUARCE 7 A 15PY Wik, 34 4B I, SHRIM]. dbst: HUBR T ARAE, 2011,

D) JFR TPl e i fl s D RL AL, SEH
PLAH TEARER > 80 T IE, ATARIEA R A



5 334 I HAE:

T/ N TR HE Y PH M LA B ) DA P B S e il 61

(3]

(4]

[5]

(6]

[7]

(8]

[°]

[10]

VWK, SN, fRUE, S WM L M AL
KR 5 IRR [I]. R PB4, 2009,
40(11): 74—77.

Fan Yongshen, Huang Xiugiao, Wu Feng, et al.
Experiment and analysis on water distribution uniformity
of machine of sprinkling irrigation and hose irrigation
dual purpose[J]. Transactions of the CSAM, 2009, 40(11):
74—77. (in Chinese with English abstract)

WUk, S, AR, AE RN SN L4
R E A ZERR]. ARENUE, 2003, 21(1): 25—28.
Pan Zhongyong, Liu Jianrui, Shi Weidong, et al. Status of
lightweight and small size movable sprinkler irrigation
set and its gap with advanced countries[J]. Drainage and
Irrigation Machinery, 2003, 21(1): 25—28. ( in Chinese
with English abstract)

kg, TS, e, 55 RGBT SE SRR EOR R
RN A TR, 1998, 4(12): 93—97.

Liu Honglu, Wang Baohui, Yang Zhuxin, et al. Study on
sprinkler-pipe conveying irrigation system in field[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CASE), 1998, 4(12): 93—
97. (in Chinese with English abstract)

. Wk N URE ) A BTHEN LA LA ICE T F[D].
Jent: B EARN UL Rl R 5Tk, 2007: 4—5.
Hou Yongsheng. Study on Optimizing of Configuration
for the Small-scale Movable Sprinkler Irrigation
Equipment (SMSIE) with Multiple Sprinkler[D].
Beijing:  Chinese  Academy of  Agricultural
Mechanization Sciences, 2007: 4—5. (in Chinese with
English abstract)

FHrah, mHEH, RO, & RN IBENLA
fCREFERAL BIE AT 3], AL 4R, 2010,
41(10): 58—62.

Wang Xinkun, Yuan Shougi, Zhu Xingye, et al.
Optimization of lithe-small movable unit sprinkler system
using genetic algorithms based on energy consumption
indicators[J]. Transactions of the CSAM, 2010, 41(10):
58—62. (in Chinese with English abstract)

FEHEZE, BT AR SR 15 T AT 3% S e LK &)
RFPERIEFEID]. dbnt: T ERRY:, 2004

Yan Haijun. Study on Water Distribution Uniformity of
Center Pivot and Lateral Move Irrigation Systems Based
on Variable Rate Technology[D]. Beijing: China
Agricultural University, 2004. (in Chinese with English
abstract)

Christiansen J E. Irrigation by sprinkling[R]. Bulletin 670,
California Agricultural Experiment Station, University of
California, Berkeley, California, 1942.

Fukui Y, Nakanishi K, Okamura S, Computer evaluation
of sprinkler irrigation uniformity[J]. Irrigation Science,
1980, 1(2): 23—32.

W, RENE, W, SE WHEKE AT S PEVE
Wi b LB SO ST HE R [3]. ARk T FE 2= 4%, 2005,
21(9): 172—177.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Han Wenting, Wu Pute, Yang Qing, et al. Advances and
comparisons of uniformity evaluation index of sprinkle
irrigation[J]. Transactions of the Chinese Society of
Agricultural Engineering(Transactions of the CASE), 2005,
21(9): 172—177. (in Chinese with English abstract)
KXk, XRPE, AL, A e A Rk A R
SR A TR BEX P4 2 P 52 [3]. Aok TR
i, 2013, 29(6): 66—72.

Zhu Xingye, Liu Junping, Yuan Shouqi, et al. Effect on
spraying uniformity based on geometrical parameters and
combined spacing of rotational fluidic sprinkler[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2013, 29(6): 66—
72. (in Chinese with English abstract)

Sadler E J, Camp C R, Busscher W J. Emitter flow rate
changes caused by excavating subsurface microirrigation
tubing[C)// In: Proc.5™ Int’I Microirrigation Congress. St
Joseph, Mich: ASAE, 1995.

Dogan E, Kirnak H. Water temperature and system
pressure effect on drip lateral properties[J]. Irrigation
Science, 2010, 28: 407 —4109.

B, ST MWL A ORI SERIIE K )
PERERTFE[I]. A0l T AR5, 2006, 22(10): 83—86.
Wei Qingsong, Shi Yusheng, Lu Gang, et al. Hydraulic
performances of the round-flow channel in an in-line
drip-tape[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CASE),
2006, 22(10): 83—86. (in Chinese with English abstract)
R R, B LN, S AT REK I AR R
TRRVPAN 777591 HEFENLME, 2000, 18(4): 20—22.
Fan Zongliang, Wang Ying, Wang Gang, et al. Test and
evaluating on the irrigation equality degree of dripline PC
in the field[J]. Drainage and Irrigation Machinery, 2000,
18(4): 20—22. (in Chinese with English abstract)

B, EESG, EORTh, AR W RE M N LA
Wl M BEFEA T[], 157KEEBE, 2013(7): 65—68.

Hu Bin, Yuan Shougi, Wang Xinkun, et al. Design and
energy consumption of sprinkler-drip dual-purpose
irrigation machine[J]. Water Saving Irrigation, 2013(7) :
65—68. (in Chinese with English abstract)

M, AT, W R G I Hs 42 (AR AL R[], ARk
TRE2AR, 1996, 12(4): 118—122.

Lin Zhonghui, Qiu Chuanxin. Optimization and selection of
pressure increasing pump for sprinkle irrigation system[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CASE), 1996, 12(4): 118—
122. (in Chinese with English abstract)

Tarjuelo J M, Moreno M A. Energy analysis of irrigation
delivery systems: Monitoring and evaluation of proposed
measures for improving energy efficiency[J]. Irrigation
Science, 2010, 28(5): 445—460.

Moreno M A, Medina D. Optimal design of center pivot
systems with water supplied from wells[J]. Agricultural
Water Management, 2012, 107(3): 112—121.



62 ANV TR 23 2014 4F

[20] Egrhh, EEMAS. TRREE R K ET SR AR T Wang Xinkun, Yuan Shouqi, Liu Jianrui, et al. Energy
FEEAE]. AHIIR, 2005, 36(8): 55—58. consumption calculation and evaluation methods for light
Wang Xinkun, Cai Huanjie. Study on genetic algorithms of and small unit sprinkler system[J]. Drainage and
hydraulic analysis and optimum design for micro-irrigation Irrigation Machinery, 2010, 28(3): 247—250. (in Chinese
laterals[J]. Transactions of the CSAM, 2005, 36(8): 55— with English abstract)

58. (in Chinese with English abstract) [22] hHe N RALRIE K F73. GB/T50085-2007 Wi T.FE4%:

[21] FEdrdh, ZAHK, xH, 2% S/ BBHENL4 G ARIELS]. dbnt: PETHRIH R, 2007.
WSV T ]. HREENUR TR 4R, 2010, 28(3): [23] BN ERALFIE K 538, GBIT50485-2009 #iE T FEH;
247—250. ARRELS]. Abst: ETH R, 2009.

Optimum configuration and performance experiment of
sprinkler-drip dual-purpose irrigation machine

Yuan Shougqi, Hu Bin, Wang Xinkun, Zhu Xingye, Tu Qin
(Research Center of Fluid Machinery Engineering and Technology, Jiangsu University, Zhenjiang 212013, China)

Abstract: As the water shortage is becoming more and more serious, water-saving irrigation has become an
important part of agriculture modernization. Raising the level of agricultural mechanization and improving the
utility ratio of water are necessary ways to access agriculture modernization. Light weight and small size movable
sprinkler irrigation machines have been widely used as new important agricultural equipment. However, most
studies have focused on the light and small sprinkler machine which worked under a single loading case or a
large-scale fixed sprinkler-drip dual-purpose irrigation machine. In order to realize a reasonable configuration and
low energy consumption, a new light small-moving type of machine with a dual purpose of sprinkler irrigation
and drip irrigation was introduced, which made the changes of irrigation mode available in accordance with the
growth status of different crops or various terrains. The dual-operation irrigation pump 50ZB-25C was used,
which was designed by a DOE experiment design and factorial analysis by Jiangsu University. And the 15PY2
impact-drive sprinkler with double nozzles and drip irrigation tube with the rated flow of 2.7 L/h were selected.
The running parameters and the water distribution uniformity of the machine were studied by both theoretical
analysis and outdoor experiments. In theoretical analysis, the reasonable configuration and optimization design of
the system could use the advantages in reducing the energy consumption and maximizing the efficiency of the
machine. Finally, the best configuration was determined by using the genetic algorithm for the objective function
of minimal energy consumption and high efficiency, the number of the sprinklers was 7, and the number of the
drip irrigation tubes was 34. Compared with the rated condition which the machine works under, the energy
consumption was reduced by 9.4% under the best configuration. The outdoor experiments were carried out under
this configuration. The he experimental results of the operation parameters were consistent with the theoretical
values, the relative error of which was 1.08%-2.40%, mainly affected by the wind and terrain slope. It showed that
the genetic algorithm had both theoretical and practical significance in the design of the sprinkler irrigation
machine. The water distribution uniformity of the machine was also studied by the experiments and the uniformity
coefficient of both the sprinkler irrigation and drip irrigation were tested out. The sprinkler uniformity coefficient
was 80.0%, and drip irrigation uniformity coefficient reached 93.6%, which were higher than those of the official
standard. The data indicated that the machine has superior performance and can help to raise the level of
agricultural mechanization in China.

Key words: agricultural machinery; experiment; optimization; sprinkler and drip irrigation; dual-purpose machine;
optimum configuration; uniformity coefficient
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