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Experiment of Water Distribution and Uniformity of Rotating Plate Sprinkler
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Abstract; To study the effect of working pressure, nozzle diameter and installation spacing on the
hydraulic performance of spray depth and uniformity coefficient in sprinkler irrigation, a new typed
rotating plate sprinkler was put forward. The nozzle diameters of 2. 98 mm, 3. 37 mm and 3. 77 mm were
chosen to carry out the research. The radial water distributions were measured at the working pressure of
0.1 MPa, 0.2 MPa and 0. 3 MPa. It was found that the irrigation intensity was increased with the increase
of nozzle operating pressure or nozzle diameter. The combined uniformity coefficient were calculated with
the installation spacing of 2 m, 3 m, 4 m, 5 m and 6 m. The calculation results were compared with the
testing experiments. The error value between the tested and simulated results of the combined uniformity
coefficient was within 0. 5% ~ 11.0% , and the importance order of influencing factors was installation
spacing, working pressure and nozzle diameter. The results showed that the average nozzle discharge
coefficient was more than 0.9, which indicated that the new typed sprinkler had good performance; the
optimum irrigation uniformity coefficients of three kinds of nozzles were 75.9% , 78.2% and 85.1% ,
respectively. The optimum installation spacing of 4 m for a new typed R3000 rotating plate sprinkler and
an empirical formula for the calculation of uniformity coefficient was proposed, which provided important
theoretical data for its engineering application.
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Fig.7  Uniformity coefficient of combined sprinkling irrigation

4 m I BSKAEA R TAE R T, 1A 2 2 M R AT
T ANTRE W2 AL BUAE s 76 AR TR 21 45 R B A 3 4~ T
PR 3R BT iS4 1 21 & 2 23 7 3 B0 A2 A
H2.7% ~23.1% o BEWIWE Sk TAF )Xk 4145 32
PE R BRI, FEE WA R

TERA R B AR IR0 [ — 58 3K 2 5% ] B B
WG ELAR BN 0, 3 M AR B AR I 1
SIVE RO SR I A W A AR A A, U AT
AE e PR T 0 v 0 e A Dk 22 BT e A ) 2
M BE T /Y 3 AW FAS PR AR A S A
AR AN N 2.3% ~18.9% o i B W WE H 42
XA 3 2] R BCA BRI, H AR KA REHLE .

H1 LA L 23 Al LA Y T e 3 S 3 k 52 i 21
BRI R BN R A E R O AR s 7 W
e KB . K2 A T AR TAER T T
Jie e A 3 8 Sk 5l L P RE R a3 A
TARIE J3 8 AN [R) 22 % 1) BER A mE 8 1 2] 1 AR R
(B 7) 3 AN ] T80 Y fe K W 2 20 R
(F2), Nimif B il R3000 %Y g 5% Br 5 =X w3k 1)
A A E g 4 m,

x2 AREFRMEATHRMAREEE
Tab.2 Optimal installation spacing for different

diameters and pressures

HAE/mm TARES)/MPa ZEMIE/m SR/ % brfEli/ %

0.1 3 75.9 3.54
2.98 0.2 4 73.0 12. 34
0.3 4 66.3 12.34
0.1 4 78.2 1.12
3.37 0.2 4 75.1 10. 21
0.3 4 75.7 10. 21
0.1 3 85.1 0. 89
3.77 0.2 4 79.3 4.70
0.3 4 64.7 9.30

2 A, H4EN 2.98.3.37 3. 77 mm 1 T.
YERE 120 0.1 MPa Bf FE fe A A BE 3 ~4 m T W E 8
A1 BB R 75.9% (78. 2% Fi 85. 1% , i 15 5|
Fy B B 4L ) A A T 0 2 R O R I Sk 2

PR FHAERE N 2 ~4 m (AT SE IR, Ul WA AR SCmE Sk B
AT ARG 19 L AT S o T DA AR o AR H Rz 4l
JH BT 2 7 59 3 Sk

AR SCHR 220 M ELAR BT AR I L2k ] B
X WL 2 50 P I 0 BRI ROOG AR AR B R Y L
HRRE PR A 18 M L5 24 5, 8 57 I 24 23 28 B0 K
B A R N

B

R (1+expc_x) (1+expEI:y) a

o W B B m
y——TAEJE J) , MPa
Z,.B.C.D E F—1& R
S(5) AT Aok 5 P 2 0 20 49 50 2 B0 T
BT 5 4 BB R

3 Hig

(1) B T — P i i = ms 4% 1 Br 99 5w =k, 43
Br 7 WM B AR R 2. 98 3,37 3. 77 mm BTk K Sy
PERE . M 1) AL o 2R BB TR R T 04 T v R
L FR RO N BE L R Ry 4.2% ~ 15. 8%, Yt
RECFYEAE 0.9 DL, Ui B mE Sk MR R 4T .

(2) W53k 1) 7K 5 43 A ih 2 30 {01 ok 4l 4 4k 280, B
WSk AR He 07 B W AR (43 0, S A R O
AHEE 0. 1 MPa,0.2 MPa #1 0. 3 MPa s 5§ 3 5 i 3 0
F14) 08 52 43 301 R 18. 1% ~29. 4% F131.4% ~39.1%
AHEE 2. 98 mm BEME H 42,3, 37 mm Al 3. 77 mm ff
Az i e WS T SR R G A0 A W E 43 0l Ol 5. 8% ~13.2%
M7T.9% ~25% . MWk 5 HF WM Z 0o
S TV ATL RN S 7% X E L b Y e i A S =mE sk
JK R A3 A R LA R — BOrE AT DL N

(3) AR A F e Sk A% ] K &40 A, H R &N T %
PPN 2.3.4.5.6m JLFEH FHAGHSE R
ol VBRI R MR 2ELE 0.5% ~
11.0% Z [a] o Jié % 4 3 28 3k 52 e 20 5 35 59 1 &R 5K
PR 28 11 F2 R Ry A e g (W Sk <22 6 i) B W W6 L



5 8 1) Rl S - R T A A Sk K 20 A S 3 2]t R 151

fe, HAR N 2.98.3.37.3.77 mm M T AR K T30 HEZOR. $R e R I S mE Sk A9 B LR 4 A TR
0.1 MPa P 7Efe (LRI 3 ~4 m FWEFEYSJME R B 4 m IR T AR TR F g A de 3 i B 59 42 53 1k
I3 75.9% (78.2% 1 85. 1% , 5¢ 4= vl LA £ W REW LA

2 £ x W

U BB IC B IR, 5. RO HU AL A AR E A AT 35 2 R SR [T ] Al TR %4 ,2016,32(1) : 1 ~ 11.

LUO X W, LIAO J, HU L, et al. Improving agricultural mechanization level to promote agricultural sustainable development[J].
Transactions of the CSAE, 2016, 32(1): 1 —11. (in Chinese)

2 LANY B, CHEN S D, FRITZ B K. Current status and future trends of precision agricultural aviation technologies [ J].
International Journal of Agricultural and Biological Engineering, 2017, 10(3) . 1 - 17.

3 ZHU X Y, CHIKANGAISE P, SHI W D, et al. Review of intelligent sprinkler irrigation technologies for remote autonomous system
[J]. International Journal of Agricultural and Biological Engineering, 2018, 11(1) . 23 - 30.

4 WILLIAM H. Sprinkler distribution analysis with a digital computer[ J]. Transactions of the ASAE, 1963, 6(3) . 206 —208.
BRANSCHEID V O, HART W E . Predicting field distribution of sprinkler systems[ J]. Transactions of the ASAE, 1968, 11(6) :
801 - 803.

6 SEGINER I, KOSTRINSKY M W. Wind, sprinkler patterns, and system design[ J]. ASCE Journal of Trrigation and Drainage
Division, 1975, 101(4) . 251 —-264.

7B WEREK A Y AT R AR IR IR A [T ] Al AR, 1999, 15(4) ;78 - 82.

LI Jiusheng. Evaluation methods of sprinkler water uniformity [ J]. Transactions of the CSAE, 1999, 15(4).78 - 82. (in
Chinese)

8 CHRISTIANSEN J E. Trrigation by sprinkler[ R]. California Agricultural Experimental Station Research Bulletin, 1942, 123.

9 TARJUELO J M, MONTERO J, VALIENTE M, et al. Irrigation uniformity with medium size sprinkler, part I. characterization of
water distribution in no-wind conditions[ J]. Transactions of the ASAE, 1999, 42(3) . 665 —675.

10 WZEH, A= 3C4x. RO W i B TAEBETHRYSE MO e [T]. TR AT, 2011, 29(5) :151 - 155.

YU Liming, NIU Wenquan. Study on the design and application of spraying irrigation for the influence of wind[ J]. Agricultural
Research in the Arid Areas, 2011, 29(5) :151 —155. (in Chinese)

11 EVANS R, HAN G S, KROEGER M W. Spatial distribution and uniformity evaluations for chemigation with center pivots[ J].
Transactions of the ASAE, 1995, 38(1): 85 -92.

12 RJRGER GG, E. T EE RGO ES B RA N RS [T]. HEEPUM L4, 2017, 35(4) : 362 -368.

WU Chen,TANG Yue, TANG Lingdi, et al. Characteristic parameter wireless monitoring system of hydraulic turbine based on
Android[ J]. Journal of Drainage and Irrigation Machinery Engineering, 2017, 35(4) : 362 —=368. (in Chinese)

13 HEERMANN D F, HEIN P R. Performance characteristics of self-propelled center-pivot sprinkler irrigation system [ J].
Transactions of the ASAE, 1968, 11(1). 11 -15.

14 SEGINER I, KANTZ D, NIR D, et al. Indoor measurement of single-radius sprinkler patterns[ J]. Transactions of the ASAE,
1992, 35(2): 523 - 533.

15 BofE S, XU S, K AT, 45 R ALE R BE LB TSR N R A [T]. AEENLM LA =4k, 2017, 35(6) : 541 - 546.
DUAN Fuyi, LIU Jianrui, FAN Yongshen, et al. Influential factor analysis of spraying effect of light hose-fed traveling sprinkling
system[ J]. Journal of Drainage and Irrigation Machinery Engineering, 2017, 35(6) : 541 —546. (in Chinese)

16 WA, R¥ERE, 4304 WK G AEE AR R ) A B IR SO0 B S R B [T ] K RARFRRFSE, 2002, 9(2) -
154 - 157.

YU Liming, WU Pute, NIU Wenquan. Influence of the combination distance, work pressure and layout form of sprinkler head on
uniformity coefficient in irrigation [ J]. Research of Soil and Water Conservation, 2002, 9(2) :154 — 157. (in Chinese)

17 DUKES M D. Effect of wind speed and pressure on linear move irrigation system uniformity [ J]. Applied Engineering in
Agriculture, 2006, 22(4) . 541 - 548.

18 EL-WAHED M H A, MEDICI M, LORENZINI G. Harvesting water in a center pivot irrigation system; evaluation of distribution
uniformity with varying operating parameters [ J]. Journal of Engineering Thermophysics, 2015, 24(2) .143 - 151.

19 ZHU X Y, YUAN S Q, LIU J P. Effect of sprinkler head geometrical parameters on hydraulic performance of fluidic sprinkler
[J]. ASCE Journal of Iirigation and Drainage Engineering, 2012, 138(11):1019 - 1026.

20 ZHU X Y, YUAN S Q, JIANG J Y, et al. Comparison of fluidic and impact sprinklers based on hydraulic performance[J].
Irrigation Science, 2015, 33(5); 367 —374.

21 ZHANG L, MERKLEY G P, PINTHONG K. Assessing whole-field sprinkler irrigation application uniformity [ J]. Irrigation
Science, 2013, 31(2) . 87 - 105.

22 WEE, £X, ML WK RS SR SH G EMRI/OL]. KA AEHR, 2014, 45(11) :159 - 164. http: //
www. j-csam. org/jesam/ ch/reader/view_abstract. aspx? file_no =20141125&flag = 1 &journal_id = jesam. DOI.10. 6041/j. issn.
1000-1298. 2014.11.025.



152 & ol HLOM ¥ R 20184

23

24

25

26

27

28

29

30

31

32

33
34
35
36

37

38

HAN Wenting, WANG Xuan, SUN Yu. Dynamic simulation for sprinkler irrigation water distribution with uniformity [ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2014 ,45(11) : 159 - 164. (in Chinese)

BT, XM, XA TR IR ISk K e o A R B e [T ). LA AR 24, 2016, 34(1) :81 - 85.

BAO Ya,LIU Junping, LIU Xingfa, et al. Experimental study on effects of pressure on water distribution model of low-pressure
sprinkler[ J]. Journal of Drainage and Irrigation Machinery Engineering, 2016, 34(1) :81 —85. (in Chinese)

PR, B, AR, A 18T B ALK R BELJE TSk K B A A AL AR IR AT S [T, KRR, 2014, 45(4) .
467 —473.

YAN Haijun,XIAO Jianwei, LI Wenying, et al. Droplet size distributions of low-pressure damping sprinklers used in center-pivot
irrigation systems[ J]. Journal of Hydraulic Engineering, 2014, 45(4) ;467 —473. (in Chinese)

RO, XU, XRS5 A IR WA W Sk BT K 3 BE 2 1 LA [T ). Al TAR 4% 4% ,2015,31(15) 126 - 31.

ZHU Xingye, LIU Xingfa, LIU Junping, et al. Droplet kinetic energy distribution regulation of complete fluidic sprinkler[ J].
Transactions of the CSAE, 2015, 31(15): 26 —31. (in Chinese)

Bk, RARE, REESE. ARk U AR AR X AR RS (1], ROl TR AR, 2015, 31(9) 1100 - 106.
GE Maosheng, WU Pute, ZHU Delan, et al. Effect of jets interaction on spray characteristics between adjacent sprinklers[ J].
Transactions of the CSAE, 2015, 31(9) :100 — 106. (in Chinese)

FRLATE, AR, sobk, & P o 2 Sk e uik B % 8 i s AR A LA AT Y [ /0L ). R HLBR 24 4, 2015, 46(7) .85 -
90. http: / www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? file_no = 20150713 &flag = 1. DOI; 10. 6041/j. issn. 1000 —
1298.2015.07.013.

ZHANG Yisheng, ZHU Delan, ZHANG Lin, et al. Spatial variation of application rate and droplet kinetic energy for fixed spray
plate sprinkler[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(7) :85 - 90. (iin Chinese)
FRULTE, RAEE, ORI, % T IOE FIE A WA T I 3 s UBESK B S EEAT S [ 1/0L ). RV HLA= 4, 2017,48(2) -
91 - 97. http: // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file_no = 20170212&flag = 1. DOI 10. 6041/j. issn.
1000-1298.2017.02.012.

ZHANG Yisheng, ZHU Delan, SONG Bo,et al. Uniformity of fixed spray-plate sprinkler under windy condition based on ballistic
simulation|[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017, 48(2) :91 —=97. (in Chinese)
PUD6HE, Rl gkpk, 4. e B 55 UmE Sk S Rg 40 10 LA A8 [ J/OL ] &l HUAR 24 4R, 2014, 45(12) :43 - 49. hitp: /
www. j-csam. org/ jesam/ ch/reader/view_abstract. aspx? file_no =20141207 &flag = 1 &journal_id = jesam. DOI.10. 6041/j. issn.
1000 -1298.2014.12.007.

GONG Xinghui, ZHU Delan, ZHANG Lin, et al. Droplet kinetic energy of rotating spray-plate sprinkler[ J/OL]. Transactions of
the Chinese Society for Agricultural Machinery, 2014, 45(12) :43 -49. (in Chinese)

TR, BB R AR D ST b 1] 5 3t 5 46 B UK Sk 43 A TSR IR 5 [ J/OL ] R L HLB A iR ,2018,49 (7)) :252 - 260. http: //
www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? file_no =20180730&flag =1. DOI: 10. 6041/j. issn. 1000-1298. 2018.
07.030.

ZHANG Lin,HUI Xin,CHEN Junying. Calculated model for transforming sprinkler water distribution from flat ground into sloping
land[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2018,49(7) :252 —260. (in Chinese)

F 2R 200, TT 5L, 4 P RS U HE ML A A T o) S P RS G [ T ] . HERE LB A2 24 ,2017,35(4) :357 - 361.

TIAN Kun, ZHU Xingye, WAN Jinghong, et al. Development and performance test of lateral move irrigation system[ J]. Journal
of Drainage and Irrigation Machinery Engineering, 2017,35(4) : 357 =361. (in Chinese)

B, EBEE /NN, A RUE BERENL AT R IEAE & X A8 A& 7 = 052 m [J/0L]. Rl HLAK = 4z ,2016,47 (1)
133 - 140. http; / www. j-csam. org/jcsam/ch/reader/ view _abstract. aspx? file_no = 20160118 &flag = 1&journal _id = jesam.
DOI:10.6041/j. issn. 1000-1298.2016.01.018.

LI Maona, WANG Xiaoyu, YANG Xiaogang, et al. Effects of water-fertilizer coupling on alfalfa yield under center pivot irrigation
system[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016,47(1) :133 —140. (in Chinese)

GB/T 19795.1—2005 Ry #E b e EHe Ak o 1 AR 45 Mz 17 25K [ S]. 2005.

GB/T 19795.2—2005 Al R BE % BE 4% UmE Sk 2 2 ¥0 40 Kk 1 43 A 3 53 PE A e Uy 1 [ 8 . 2005.

GB/T 22999—2008 Jig4E = w5k [ S].2008.

R E A XUAEEF . A LA e ROR BT AL S B S L[] K A 24412, 1998,29(10) :27 - 31.

ZHU Dansheng, LIU Jiali. Using Fourier transforms to express sprinkler overlapping uniformity [ J]. Journal of Hydraulic
Engineering,1998,29(10) :27 —31. (in Chinese)

FACI J] M,SALVADOR R,PLAYAN E,et al. Comparison of fixed and rotating spray plate sprinklers[ J]. Journal of Irrigation and
Drainage Engineering,2001,127(4) . 224 -233.

JEEAE T AR B R BT AP B AU LK i AR R DR S D ] dE ot B RO R A, 2004,

YAN Haijun. Study on water distribution uniformity of center pivot and lateral move irrigation system based on variable rate

technology[ D]. Beijing: China Agricultural University, 2004. (in Chinese)



