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Fig.5 Diagram of spraying height and blowing distance
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Tab.1 Average of relative deviation between simulating

and testing values for airflow speed %
= [X 5 K/ (m-s™")
y/m x/m 5 10 15 20 25

0~5 47.23  54.18 56.24 57.47 54.16

0.5 5~20 21.40 17.46  15.34 12.97 12.03
20 ~50 35.60 33.47 28.16 24.79  20.01

0~5 45.73  51.71 55.94 57.02  55.43

1.0 5~20 19. 87 17.38 16. 49 12.75 11.35
20 ~50 28.74  24.03  25.15 22.07  20.59

0~5 40.36  45.18 47.79 53.44  55.82

1.5 5~20 15.66  15.09 13.12 10. 48 9.97
20 ~50 25.17  20.34  21.59 18.46  14.05

0~5 43.51 49.24 48.16 53.17 54.31

2.0 5~20 20.78 18. 61 17.24  15.09 13.88
20 ~50 28.58 25.64 26.13 22.07 20.10

0~5 49.25 54.31 51.38 57.37 59.46

2.5 5~20 24.05 22.07 21.86 18.43 15.02
20 ~50 34.17  31.94  26.45 24.16 24.42
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Tab.2 Ground mass-flow for discrete phase g/s

B R/ (mes™")

y/m 5 10 15 20 25
0.5 1. 460 1.425 1. 400 1.357 1.435
1.0 1.484 1.430  1.370  1.370  1.450
1.5 1.473 1.400  1.375 1.370  1.423
2.0 1.478 1.385 1.345 1.315 1.415
2.5 1.489 1.410  1.345 1.335 1.370
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Fig.8 Droplets’ particle tracks
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Tab.3 Standard deviation of mass-flow under

different spraying conditions wg/s

B i/ (mes ")

y/m 5 10 15 20 25
0.5 13.2 11.1 10.1 10.0 9.99
1.0 9.40 7.98 7.08 6.28 8.34
1.5 8. 69 6.79 6.16 5.65 7.10
2.0 8.08 6.40 6.16 5.53 6.37
2.5 7.68 6.31 5.64 5.58 5.98
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Tab.4 Average of relative deviation between simulating
and testing values for droplets’ deposition %
=) X35k R/ (mes™ ")
y/m x/m 5 10 15 20 25
0~5 75.61 80. 24 86. 13 81.09 76. 47

0.5 5~20 29.67  26.51 21.16 18. 09 19. 61
20 ~50 32.15 30.37 28.56 25.35 20.17

0~5 72.05 77.31 78.14  80.57 75.03

1.0 5~20 26.02 25.79 23.13  23.51 21.68
20 ~50 29.46  26.53 25.15 23.01 17.19

0~5 71.43  75.24 80.17  78.61 73.33

1.5 5~20 24.05 22.54  20.76 19.04  16.10
20 ~50 28.30 25.83 25.19 23.04 20.11

0~5 74.52  79.81 84.19 84.67  80.31

2.0 5~20 28.76  27.04 24.87 22.15 20.80
20 ~50 31.41 29.08  28.25 24.07  22.69

0~5 78.84 80.80 85.17 82.01 74.10

2.5 5~20 31.95  28.81 26.39 25.04  21.96
20 ~50 36.08 33.17  29.91 27.75  27.97

LREFHIEA 3 R A, H M 5 HLTE XK
25 m/s WE55 R O 2.0 m B 55 3 0 B IR] A i A A
R R /N G A B 22 P AN R AR 5
HOR BB R AR o w1 IL, B LA ¥ 3t 5C0H 55 it 245
RE NFRMFEIRESPSHREN AR IF
T UUBUSCR BRI T A7 25 A o

4 it

(1) ARYE TS5 & e XUk 7% i AR Ak, R =5 R
T XA HE U A S SR R T A ARGk T,
KGR, A8 55 HLAE I 5 H 1) g B A ol B X% B 25 A

(2) IR0 % WL 25T 0B 2 S 3 5 ]
B, i WS 5 i R R X A B 0 5T o A
(3457 1

(3) KA AE KB AE FH 0 B P9 B 5 3K
B EAH X 1R 25 R 10% ~ 35% 5 25 1 T ARUASE R A 40 55
BILIXE J5 B N B AUAR X iR 25k 15% ~35% B 4D 45
RAETE o AR Z AT B a7 45 R ) BE A s L
Ik R 55 WL M ) 0 3 B 4 % 35 T UL R o0 AT o

(4) BR2EK UG F 50 45 00 X LUK o 2 1, BT
N7 B TRRE T AR i B A R P 2SR 0 8 e TR
E— 25 38 KT 553 DR o A B R A 1R 2%



5 43

o4

& BEEAFEMEI RS 5 F IR = 4B S il 109

o

12

14

15

16

17

18

20

21

& % x Wt

Sanchez-Hermosilla J, Rincén V J, Paez F, et al. Comparative spray deposits by manually pulled trolley sprayer and a spray gun
in greenhouse tomato crops[ J]. Crop Protection, 2012,31(1) ;119 - 124.
Austerweil M, Grinstein A. Automatic pesticide application in greenhouses[ J]. Phytoparasitica, 1997,25 (Supp. 1) :S71 - S80.
Joe Lentz. Ultralow volume applications for rights-of-way[ C] // Goodrich-Mahoney J W, Abrahamson L P, Ballard J L, et al.
Environmental Concerns in Rights-of-Way Management: Eighth International Symposium. New York: Elsevier: 2008 :647 - 651.
Harburguer L, Seccacini E, Licastro S, et al. Droplet size and efficacy of an adulticide-larvicide ultralow-volume formulation on
Aedes aegypti using different solvents and spray application methods[ J]. Pest Management Science, 2012, 68(1) ;137 — 141.
Austerweil M, Ben-David T, Steiner B, et al. Control of powdery mildew by mechanical aerosol generators[ J]. Phytoparasitica,
1996,24(2) .151 —152.
Olivet J J, Val L, Usera G. Distribution and effectiveness of pesticide application with a cold fogger on pepper plants cultured in a
greenhouse[ J]. Crop Protection, 2011, 30(8) :977 - 985.
BB A, 2RO, WA, . M A ) 2 5 B M e A [ 1], AR HLBRA 4R, 2010, 41(4) 165 -68,74.
Qiu Baijing, Li Chengquan, Tang Bomin, et al. Research onvisualization of pesticide mass concentration in airtight awning space
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2010, 41(4) :65 - 68, 74. (in Chinese)
Weiner K L, Parkin C S. The use of computational fluid dynamic code for modeling spray from a mistblower[ J]. Journal of
Agricultural Engineering Research, 1993, 55(4) . 313 - 324.
Baetens K, Nuyttens D, Verboven P, et al. Predicting drift from field spraying by means of 3D computational fluid dynamics model
[J]. Computers and Electronics in Agriculture, 2007, 56 (2). 161 - 173.
BRAETG EAND, T R, % SRR A [ 5 XU = 4O B A B S I [T]. RO ALBRA= 42 ,2010,41(8) =51 - 54.
Chen Fayuan, Wang Xiaochan, Ding Weimin, et al. Numerical simulation and experimental verification of 3-D air-velocity field
of disk fan used in orchard sprayer[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2010, 41(8): 51 - 54.
(in Chinese)
HEEW, E R AR I8, 5. b X% U2 AL 88 0 SR B SR TE [ T]. Rolk TR 24 ,2009,25 (1) :69 - 74.
Fu Zetian, Wang Jun, Qi Lijun, et al. CFD simulation and experimental verification of air-velocity distribution of air assisted
orchard sprayer[ J]. Transactions of the CSAE, 2009, 25(1): 69 —=74. (in Chinese)
RGP AR TR, S KUk 3BT 55 BILXURT 45 F 0 R AL TERE R Mg [T ] ARl LA %44 , 2008 ,24(2) < 111 - 115.
Cui Zhihua, Fu Zetian, Qi Lijun, et al. Effect of the air duct medication on the spray drift emitted by an air-assisted sprayer[ J].
Transactions of the CSAE, 2008 ,24(2) :111 —115. (in Chineset)
INERE L TE/NE, TORR, 4. 2T CFD 2 BOR AR 2 52 30 DUAR R PE O BEL 0 BT [T ] ROl #2244k ,2012,28(6) - 13 - 19.
Sun Guoxiang, Wang Xiaochan, Ding Weimin, et al. Simulation analysis on characteristics of droplet deposition based on CFD
discrete phase model[ J]. Transactions of the CSAE, 2012, 28(6) :13 —=19. (in Chinese)
SRR B2 A o, A R BB 5 55 AL KU B R B R W AE [T ] Al ML AA 4 ,2012,43(12) 277 - 86.
Zhang Tie, Yang Xuejun, Yan Herong, et al. Anti-drift technology of super-high clearance boom sprayer with air-assisted system
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2012,43(12) .77 —86. (in Chinese)
Tsay J,Fox R D,Ozkan H E et al. Evaluation of a pneumatic-shielded spraying system by CFD simulation[ J]. Transactions of the
ASAE,2002,45(1) : 47 -54.
VIR BT 5 T R B RS BUE R I E (D], db st sh Ok R ,2006.
I, AT, ER, 5. HT CFD Rl Wik 308 55 HL55 i 70 A5 R 2 A [T ] AR HLBK A 41, 2010,41(2) « 72 - 76.
Qi Lijun, Zhao Yaqing, Wang Jun, et al. CFD simulation and experimental verification of droplet dispersion of air-assisted orchard
sprayer| J |. Transactions of Chinese Society for Agricultural Machinery, 2010,41(2): 72 -=76. (in Chinese)
INERE, BRI N L 4E. 8 B 48 25 U 0 A RRPE Y CFD AL 5 IR8 [T, ARl #2244k ,2012,28(20) :73 - 79.
Sun Guoxiang, Li Yongbo, Wang Xiaochan, et al. CFD simulation and experiment of distribution characteristics for droplet of
knapsack sprayer[ J]. Transactions of the CSAE, 2012, 28(20) : 73 =79. (in Chinese)
Bailey A G, Balachandran W, Williams T J. The rosin-rammler size distribution for liquid droplet ensembles[ J]. Journal of
Aerosol Science, 1983, 14(1) . 39 -46.
Jing Jianping, Zhang Chunming, Sun Wei, et al. Influence of mass-flow ratio of inner to outer secondary air on gas-particle flow
near a swirl burner[ J]. Particuology, 2013, 11(5) : 540 - 548.
N, ARJE B FPHETE G5 RN vh e DA AN TR A S b A4 R AR B BB L [T ). RS S ey, 2009, 28(7) ¢ 115 - 117,
Li Shunbo, Dong Zhaoxing, Qi Yanjun, et al. Numerical simulation for spread decay of blasting shock wave in different media
[J]. Journal of Vibration and Shock, 2009, 28(7): 115 - 117. (in Chinese)
(#5122 IT)



122 PSS A1 M | = O 14 20144

12 WY A50RE AR S8 04 B BT 2k 2 A 07 B [ M) a0 B TR 27 ) AL, 2010.

13 FEM. EECRIuik HTE EDEM g se B[ M . 7522 . 95 48 Tl K24 i At ,2010.

14  Li Hongchang, Li Yaoming, Gao Fang, et al. CFD — DEM simulation of material motion in air-and-screen cleaning device[ J].
Computers and Electronics in Agriculture,2012,88(10) ;111 —119.

15 FhAF 22, E R, 5K 558, 45, 7K e 25 UKL I 1Y B BOTRE L LT ] 35 PROR %24 - T2 hK,2010,40( 1) :98 - 102.
Piao Xianglan, Wang Guoqiang, Zhang Zhanqiang, et al. Discrete element method simulation of granular flow on horizontal turn
[J]. Journal of Jilin University: Engineering and Technology Edition,2010,40(1) ;98 —102. (in Chinese)

Numerical Simulation Based on CFD — DEM and Experiment of
Grain Moving Laws in Inertia Separation Chamber
Jiang Enchen Sun Zhanfeng Pan Zhiyang Wang Lijun
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)
Abstract; In order to obtain grain moving laws in inertia separation chamber of combine harvester
threshing prior to cutting, grains motion was simulated by using computational fluid dynamics and discrete
element coupled methods. Simulation results showed that grain particles were separated from short straw
through airflow and the performance of chamber separating and cleaning grain was improved with the
increasing of airflow velocity, while the turbulence phenomenon in the rear of chamber got more serious
and airflow pressure drop was increased. Not full grain particles also deposited in chamber. In order to
verify the validity of simulation results, the experimental test was conducted. Experimental results and
simulation results were basically accord, which showed that the simulation of grain motion in inertia
separation chamber based on CFD —DEM was feasible. The results would be a better basis to improve the
performance of inertia separation chamber to separate and clean grain.
Key words: Cleaning grain  Inertia separation chamber  Computational fluid dynamics  Discrete
element method Numerical simulation Experiment
(L#EE 109 TT)

3-D Simulation for Airflow Field and Droplets Deposition of
Hanging Cold Sprayer

Li Hui' Qi Lijun' Wang Pei’
(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. Department of Weed Science, University of Hohenheim , Stuttgart 70599, Germany)

Abstract: In order to understand the airflow speed field and deposition distribution rules and characters
of a designed hanging cold sprayer, several numerical spraying models for that based on CFD technology
were established. Beside that, the verification experiments were conducted. The simulation results
indicate that the effective blowing distance is positively related to the blowing speed of the cold sprayer.
The cold sprayer gets the minimum blowing distance at the height of 1. 5 m. The model gets larger ground
mass-flow rate under the blowing speed of 5 m/s and 25 m/s. The model gets better uniformity under
blowing speed greater than 20m/s and height greater than 2.0 m. The consequences of simulation and
verification experiments show that, in the cold sprayer’s blowing area, the relative deviation of modeling
air flow field is between 10% ~35% , and the relative deviation of droplets’ deposition model is between
15% ~35% . As the consequence, both of the models can forecast the cold sprayer’s air flow field and
the droplets’ deposition distribution correctly.

Key words: Cold sprayer Computational fluid dynamics Airflow speed field Deposition distribution



