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Experiment and Simulation of Primary Breakup Process of
Impact Sprinkler Round Jet

Han Wenting'>  Suo Wenhao'
(1. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China
2. Institute of Soil and Water Conservation, Chinese Academy of Sciences and Minisiry of Water Resources,

Yangling, Shaanxi 712100, China)

Abstract; In order to investigate the round jet fragmentation mechanism of impact sprinkler, the primary
breakup process of impact sprinkler round jet was simulated by using geometry reconstruction interface
tracking method based on VOF multiphase flow model provided by Fluent, and the primary breakup
length and crusher droplet diameter were obtained under different low pressure conditions from 200 ~
600 kPa. The results were compared with the high speed camera technology, and relative error between
numerical simulation and experiment results of the breakup length and primary crushing droplet diameter
was analyzed. The results showed that the primary breakup shapes included continuous, transitional and
fragmental sections. Nozzle diameter and the inlet pressure were the main factors affecting droplet
diameter and breakup length. Primary crushing droplet diameter and the nozzle diameter d(d >5 mm)
had a good correlation (D = 1.634d, R* =0.912), the relative error of droplet diameter between
simulation and experiment was 23.92% . The fitted relationship between Weber number ( We) and
breakup length L could predict the sprinkler breakup length under low pressure conditions. As the
increase of Weber number, the breakup length increased. The results had a good significance on the
theory of water round jet spray dispersion and irrigation uniformity improvement.
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Tab.1 Simulation values of velocity magnitude

m/s

TAEE S/ F W B4R/ mm
kPa 5.16 5.56 5.95 6.35
200 7.03 7.22 7.35 7.52
300 10. 03 10. 39 10. 51 10.77
400 12.29 12.81 12. 90 13. 16
500 14.21 14.78 14.93 15.31
600 16. 02 16. 47 16. 68 17.22

H1
Ho2
#n

K 2 Rainbird 30PSH I sk % {8 45 7Y
Fig.2 CFD model of Rainbird 30PSH sprinkler

1.3 LBWRFEMAUERF X

N6 555 U L ) SE I RGBT AN 3 R, &
Sih R AR R R e THE R ), X ARG
ALK R G R T3 Sk ROR sROGTE R R R
ACRITH SR 5 R . 290 R H A NAC 5
B AL, 120 W3 s i 20 BT, (o s A R R
4t B4 BT HotShot SC KB EMR . R /1 RS K
CWYI100, 5 F2H 0.1 ~1 MPa, K5 H 0. 1% . &
RGN 10 m K5 BE Sy 1 mm, 3 0] 95 50 50 20K .
S A Rainbird 30PSH B 5% 3k () 3= 165 6 25 44 40 ] 4
Fron, WEWE E AR d 4y B R 5.16,5.56, 5.95,
6.35 mm, WiMEK [y 21. 8 mm, SIS SL UG #F
VY AU AR} A ] 52 X4 K A B 5 B K g 2%
KITHAT , EN LA EWE S iR,

S 6 B 5 Sk 2 2 v R B B M T 110 em, 7Ry R 45

K3 simRgixilE

Fig.3 Design of experimental system

K4 EmiuEaii R SR

Fig.4  Structure of range nozzle

K5 sem A B
Fig.5 Experimental layout
1.4 AS 2. /1% 3. Rainbird 30PSH BB 4. NAC 75
ML 5,120 WSROGIR 6. 1HEEL

SEASCRI A BUKT 20 930 A B A S 8 P 50 em Ak, i 5
S YR 2o U, VR B Sk AR i B R AT 3 A A
PERN S B AR 0 S e BT SR AR B o ST
TAGE S5, 38 3 % ) O YR g R AN S R S I
R E  HRCE U ISR L R B R e S e R
K, R ] HotShot SC B Hp iy R Il 6 B X
A5 S 00 81 19 0 2% e 2 IR0 1Y) AR R AT I
RE SR AE T DS I 101 380 BB 2R A A
PRI R . SRS SRR 2,

®2 HRXBEH

Tab.2 Parameters in experiment

B il
KB/ (kgem ™) 998
IR/ (kg (mes) 1) 1.01x10°3
2SR/ (mes 1) 0.1~0.5
25/ (kgem ™) 1.293
2SR/ (kge (mes) ~1) 1.79 x 103
KEMK S/ (Nom™") 0.072
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Fig.6  Primary breakup experiment of 5. 16 mm nozzle under 200 kPa
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Fig.7 Contours of volume fraction (water) primary breakup simulation of 5. 16 mm nozzle under 200 kPa
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Fig. 9  Primary droplet diameter with inlet pressure under different diameters
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Tab.3 Relative error analysis between simulation and
experiment results %

THE WSS H A%/ mm

E 1/ 5.16 5.56 5.95 6.35
kPa 5, s 8 s 8 5 8 5,
200 24.54 10.22 24.10 10.07 23.26 8.37 23.43 11.47
300 27.95 11.03 25.00 8.20 23.08 9.07 25.58 8.73
400  25.32 12.47 23.75 11.38 22.43 14.04 23.52 3.50
500 25.97 11.68 26.09 14.56 21.48 13.68 22.56 6.74
600 29.03 12.97 24.05 14.66 24.39 16.24 22.43 6.56
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Fig. 11  Fitted relationship between We and L/d
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