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Influence of nozzle pore diameter and spraying pressure on size and de-
position distribution of droplets from two types of orchard spray ma-
chines
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Abstract: [Objective]Chemical pesticide plays an irreplaceable role in control of plant diseases, pests
and parasitic weeds and guarantees food security. Rational use of pesticide is helpful for improving agri-
cultural productivity and crop quality. The pesticide spraying is still the main control method for pest
control. Thus, the machine used for plant protection is important in orchards. At present, the machine
presents a new situation, which is the motorized spray gun with high-capacity and high-pressure is the
main stream and the air-blast spray with low-capacity is auxiliary. Compared with developed countries,
the machine used for plant protection is relatively backward in China. However, the basic research is

comparable with developed countries in China. The research is not in touch with the practical applica-
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tion. It is necessary to carry out basic and practical research on the machine used for plant protection in
orchards. [Methods]In this paper, the volume median diameters (VMD) of two common spray ma-
chines in orchards (motorized sprayer with stretcher and plunger pump and conventional axial flow
sprayer) under different pressures and pore sizes were studied. The droplet deposition distribution,
ground loss rate and effective deposition amount of two machines applied on the apple trees were mea-
sured. The relationship of droplet size and pressure of machines and canopy distribution of pesticide in
orchards was studied and parameters were optimized. It can provide technical guidance for the design
and choice of spraying machinery in orchards. [Results] The research showed that the VMD of droplet
decreased with the increase of pressure for motorized sprayer with stretcher and plunger pump at three
pore sizes (0.7 mm, 1.0 mm and 1.4 mm). However, the decrease of VMD tended to be stable with the
continuous increase of pressure. When the pressure was greater than 2 MPa, the effect of distance and
pressure on particle size of the droplets reduced greatly. When the pressures were 1.5-3.5 MPa, the dis-
tribution ranges of particle size were from 180 pm to 250 pm for motorized sprayer with stretcher and
plunger pump and conventional axial flow sprayer. In addition, the change of droplet size of convention-
al axial flow sprayer with spraying distance was larger than that of motorized sprayer with stretcher and
plunger pump. For motorized sprayer with stretcher and plunger pump, the deposition in the middle of
fruit tree canopy was the highest, followed by the lower part of fruit tree canopy, and the deposition in
the upper part was lowest. The deposition of fruit tree canopy increased with the increase of pore size
for motorized sprayer with stretcher and plunger pump at three pore sizes of 0.7 mm, 1.0 mm and 1.4
mm. With the pore size of 1.4 mm, the depositions in the middle and outer part of fruit tree canopy were
the largest (29.48 m-m™). With the pore size of 0.7 mm, the depositions in the top and inner part of fruit
tree canopy were the smallest (5.14 m-m™). By comparing to the ground loss rate and the effective depo-
sition rate, it could be seen that the ground loss rate of motorized sprayer with stretcher and plunger
pump increased with the increase of pore size, while the effective deposition rate decreased with the in-
crease of pore size, which had an obviously negative correlation. When the pore size was 0.7 mm, the
ground loss rate was the lowest (22.04%) and the effective deposition rate was the highest (45.92%).
When the pore size was 1.4 mm, the ground loss rate was the largest (35.21%) and the effective deposi-
tion rate was the smallest (35.87%). There was a slight difference in the deposition structure of canopy
after spraying between conventional axial flow sprayer and motorized sprayer with stretcher and plung-
er pump. The area with the most deposition was the lower part of the canopy, followed by the middle
part, and the upper part was least. Compared with motorized sprayer with stretcher and plunger pump,
under the condition of small pore size (0.5 mm), the amounts of deposition in and out of the upper cano-
py were similar, ranging from 5.49 m-m~ to 6.66 m-m®. However, under the condition of other pore siz-
es (0.7 mm and 1.0 mm) and canopy area (middle and lower), the amount of deposition of conventional
axial flow sprayer was far lower than that of motorized sprayer with stretcher and plunger pump. It
could be seen that the ground losses of the conventional axial flow sprayer at three pore sizes were not
significantly different, ranging from 16.34% to 17.78%, which were far lower than that of motorized
sprayer with stretcher and plunger pump. It could be seen that the effective deposition rate of the con-
ventional axial flow sprayer increased with the decrease of the pore size. When the pore size was 0.5
mm, the effective deposition rate reached the highest by 35.30%, which was equivalent to the effective
deposition rate of the motorized sprayer with stretcher and plunger pump at 1.4 mm pore size. [Conclu-
sion]For the motorized sprayer with stretcher and plunger pump, reducing the diameter of nozzle hole
could decrease the droplet size, which was helpful to improve the effective deposition rate and reduce

the ground loss rate. For the conventional axial flow sprayer, although reducing the droplet size had a
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certain effect on improving the effective deposition rate, the effect on the ground loss rate was limited.

There was difference in the route of liquid loss between two machines. The loss route of the convention-

al axial flow sprayer was mainly by means of the amount of droplet floating in the air. However, the

loss route of the motorized sprayer with stretcher and plunger pump was mainly caused by the liquid

falling from the leaf surface. In order to improve the effective deposition rate of two machines, the au-

thor proposed the corresponding improvement measures, such as adding air feeding device on the mo-

torized sprayer with stretcher and plunger pump, or installing infrared detector on the conventional axi-

al flow sprayer to realize variable spraying.

Key word: Orchard; Spray machine; Particle size; Deposition distribution of canopy; Ground loss rate;
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Table 1 Main parameters of the two models of sprayers
BH Tﬂé’éﬁﬁﬁiﬁmiﬂﬂﬁgm Sﬁ%%iﬂaﬁﬂ%”ﬁ%ﬂ
Parameter Motorized sprayer of stretcher and plunger pump Conventional Axial flow sprayer
(3WZ-25) (BWG-8)
fic £ 3))% Supporting power/kW 6.6 6.6
W5 3k %5 i Number of nozzles 1 8
I K/ AE H 77 Max/Working pressure/MPa 5 1-3
15t 24 & Dosage of pesticide/(L-h™) 450-930 200-800
7K P31l The level of sprinkling width/m 8-12
I H 4 FE Vertical rang/m 3-10C | Self-determined) 4-6
KMLIE K Fan form - i xt Axial flow

AT Speed of travel/(km-h™) -

1.5-4.0

B 1 BREERANABEEN

Fig.1 Motorized sprayer of stretcher and plunger pump

El2 BEERERRIERE

Fig.2 Conventional Axial flow sprayer
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HN =2 BEZE 5 PR RS R, 35 24 ANEURE £, K ik
B VRAERBR R I RIAT A, 290 BT BB g vy
Al 5256 %, I\ 50 mL i 7K, #1834 %% 10 min, F £
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distribution and ground loss amount in apple orchard
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Fig. 4 VMD of motorized sprayer of stretcher and plunger
pump with 0.7 mm stretcher plunger pump sprayerunder

different pressure and spraying distance
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Fig.5 VMD of motorized sprayer of stretcher and
plunger pump with 1.0 mm under different pressure

and spraying distance
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Fig. 6 VMD of motorized sprayer of stretcher and plunger
pump with 1.4 mm under different pressure and spraying
distance of 1.4 mm stretcher plunger pump sprayer under

different pressure and spraying distance
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Fig. 7 Slope of particle size of droplet with pressure under

different pore size
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Fig. 8 VMD of conventional axial flow sprayer under

different pressure and 2 m from orifice
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Table 2 VMD under different pressure of two kinds of spraying machines pm
b L% BRI B B J£ 77 Pressure/MPa
Treatment Pore size/mm Spraying distance/m () 5 1.0 1.5 2.0 25 3.0 35
YT FETR AW FZNL 1.4 1 297.43 270.78 232.95 207.42 200.63 195.02 188.48
Motorized sprayer 2 340.85 324.44 253.50 245.80 229.04 220.77 215.69
of stretcher and
plunger pump 3 568.66 366.56 273.78 256.78 234.65 221.05 215.99
1.0 1 235.71 221.20 210.19 194.02 183.58 174.39 168.13
2 349.37 257.67 249.36 231.86 199.15 196.86 188.58
3 522.95 364.96 259.74 249.35 206.65 197.69 183.21
0.7 1 275.61 216.59 189.86 174.72 160.42 149.16 148.55
2 368.53 281.39 230.50 212.11 205.37 184.88 180.52
3 517.45 295.74 252.25 231.79 205.19 195.82 195.45
HEfgHm )L 0.5 2 - - 250.79 233.44 216.68 214.94 197.02
15435 L ) ) 0.7 1 - - 231.75 228.63 210.70 205.92 201.09
Conventional Axial
flow sprayer 2 - - 253.33 249.06 22435 220.18 212.59
3 - - 272.66 265.01 231.14 229.41 220.18
1.0 2 - - 263.99 255.07 235.47 228.77 219.03
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KGR Horr Sop et 2 3B Ui fE b s 55 L2
R 38 K K, PN MBS ORR B 5014 g@em?/
7.49 g-m? K% 22.14 g-m™*/24.94 g-m?, 7] E J& A
9+ R BEAE FE SR AL B 58 25 LI 31 70 R IR TR &
77, SR 2 SRR Bt 1 Aaze , FLAR RO H AR
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Table 3 The deposition distribution and ground loss rate of two kinds of spraying machines in the canopy of apple trees

L& e DR Ui HRTES MRk R AR
hb 3 ; it = Depositi t/(g-m?>) i i iti
Pore size/ cposition amount/(g-m Ratio/ Leaf area Ground Effective deposition
Treatment Canopy . .
mm W% Internal 4N External (inner outer)  index loss rate/% rate/%
EEEY S SnEay 0.7 - Upper 5.14 7.49 0.68 2.33 22.04 45.92
LA L fiMiddle 2323 2835 0.82
Motorized sprayer
of stretcher and T Lower 2233 23.16 0.96
plunger pump 1.0 I Upper 15.14 20.68 0.73 30.04 40.56
' Middle 2591 29.81 0.87
N Lower 21.92 22.17 0.99
1.4 I Upper 22.14 24.94 0.89 35.21 35.87
' Middle 27.48 29.48 0.93
N Lower 24.09 26.09 0.92
HE£ASHmRA 05 = Upper 5.49 6.66 0.82 16.34 35.30
SRS AL fiMiddle  9.07 11.44 0.79
Conventional
Axial flow F Lower 12.12 15.82 0.77
sprayer 0.7 s Upper 6.59 8.10 0.81 17.78 28.37
7 Middle 9.27 12.95 0.72
N Lower 13.82 19.15 0.72
1.0 _F Upper 6.62 8.25 0.80 17.17 26.89
' Middle 11.39 15.89 0.72
T Lower 16.18 21.96 0.74

G NI S i U I 9~ A N o N | I oL
F g Be BB, Wt B ROL . R, FLARER
5% H 2 30 R B K, LA 1.0 mm LA A, o A i [a]
PN 24 Y B 0.7 mm FLAR I 1.8 1%, ERRIE 3L
[ 3 B3R A8 I 7 R ALAR It 24 AU SR T 2 s
VIR ER E T MU 5d)/R L
HATE e = T FBE R 25U LAR 3G KT AR
K8, R PR AT RE A2 T 15 48 28 52 sCL3h e 5 4L
FE SR et 2% Hh A AR AR B 2 F e P fie K
W&, MERIL U E AR M. X T ZE R
LB L, TR e J2 AR e v 4 Bl 2 2 o
T, BR PR T S D L S 2 N
P15, HON SR et J2= 5 J5 (1 X3, DA i 24
NAFAEA BRI WIS I . 385 EEBCR e J= A A1
XA A UTAR B AT BLE M /N FLAR $H 24 SE 2R AL 3h
Ms§ 55 AL 78 X 4 9 AR TUAR B A O 0.68 , il 35 158 25 5L
T B R S A (0 B, A ANITAR EEAS TR i »
5 FLAR N 1.0 mm I, 78 S e J2 T B X A
F L4200 1.4 mm, 78 R B ek J2= A R S X, A A
VORLEEL 0.9, XAE— R LIESE T/ LR N
Z W S PR R A, TS BUE SR AR N AN LE
BURAEE R . 8 BB RR 2 5 A BT 2 m]

DAt , #0524 28 22 AN 308 55 L 11 M T I8 2 6 B
M5 55 FLAT 1R 38 DR 38 K, A BT R 2R B s 55 FLAR 1)
BRIk /N , = BRI A O . MW E LA
J9°0.7 mm B, i T 2K 2R A /) N 22.04% , A R0T
FAF R R, N 45.92% . 4 F LN 1.4 mm I,
T 26 F i K, N 35.21%, A TR R RN, N
35.87%.

G A% el it IRk 8 25 MLt 24 5 119 7 2 TR &5
1 5 48 et 28 3 ML BN e S MU A 220, TTAR = 8
Z WX IR Z T, Rk, Bk, 54
Zrk 2R AN BB ZHAR L, fEANFLIR KT
(0.5 mm) , W2 EFI A AT EAR L, 9 5.49~
6.66 g-m? TMEHANAL47(0.7,1.0 mm) F5E 2 X I
B, R ERD AR, B A AL S8 I XS 5 LA
DU R I i I T4 4 ZE A LB e L. B
HMEE TR S A T 5 5 B A% Ge i KUE I 55 B0
W5 2 9 A0 23 A 5 HH A 28 2 LB Z ALAR L,
102 AR T4, G SR 5t 2 0 I P A Ik
B & s, —FFLE TR NS L EIITE 0.8 LA 1, A
BHRBELER. SHEEERANWEIAL,
F%0.5.0.7 mm fLAR B 6 2 E 350 9 AR AR R A, 3
25 PE T A AR G i R I 55 AL IR Y A M LU AEL 3
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R H2EZER AN B FZ L. MBI AR T H
B AE 1 G A K I S L = A FLAR TN
MR EAZEAR K, 9 16.34%~17.78% , ¥ I T-H 42
FEZER AN ZH . WERBITRET A, BE
e gt i WIE 6 25 LA S8 TOR R BT 55 FLAR PR sk
AN R 258 55 AL A28 0.5 mm I, A ST F i
15 9 35.30% , 548 ZEAE SE AR UM B8 55 HLAE 58 55
FLA% 1.4 mm I (A RLTURR AR 2 . 8 0 A 2L
TORER TR DL 5 1 1H 28R 2R AN LB B Iy
st FL ELAR ) 3 5 RS PR, B S A B TR
ROUUTAR AR, IF BRI T R 2R 3 T A% Sl
TLRIE T Z5 AL, B BRI 55 T KA X $ e A R AR
A TEROR  AER 1 TR 2% 3 ) S A R

2 Ul W A, IR O HH R 28 R AL B 5
HURRIARGS: , I F) A IS DR i ZE A K T
5 & RINL ) 2 L — M AR I # S R K ) v [
BOE DL IE 25000, 25 AL S B B P A BOE
T o DA A A 45 AR e SO PH 2R 28 2R s LB 5
BURHS T AT 7 0. S R LR 4.

x4 ERFERHENENDTEIBR
Table 4 Pressure attenuation comparison of motorized

sprayer of stretcher and plunger pump

Ab R FE7

Treatment Pressure/MPa

%% Plunger pump 05 1.0 15 20 25 3.0 3.5
Wikt 11 Spray gun exports 03 0.5 08 1.0 13 1.5 1.8

M5 4 0] DUE H, 400 & R 38 IR 253138
iy, PHZE TR R T B30 R AE 50%~60% . {H 2%t T 4H 248
FEFETR W ML, HUBAESE ) — O ZE 3 H D
775 BRI S BV e R A O SRR E 25 0 i, AN R
VLA 2578 54 1R 1 852

3% W

I EIA W TR DL B B AR fLAR D
T S B B AR 55 R A , (5 22 R AR I JE TE R /D
LUIPORS REERRY o W [ LU [ DA PN
2 MPaltf , 5 AL 32 Wt 2 5 I ) B B2 4148 K
RS o WERW IR IIUTAR 7 A0 A BE T 5 55 R
A3 R /N S T DR i AR 24 B A RO R 3R A
N/IKEAR 550 [ B R, T 5 R B D, 3%
fioh B REAR ST L AN 52 3Bk IR VR L /NRLAR 55
o EE T B NS R A RBIURR .
B AINKLAR 5 52 2 L T FE A B RE SRR . %

TAEDTRERTIERS S0 7 S5 A 2, [F] I PR
R C T/ R S I (1D e ol = I = L et R B
BL, 38 55 4 4 B IRt ol e /N R AR 25 W0 30 N et )2 RS
W0 A 2 N O B, AR A
T T8 T B 24, W A B TR LYY B A #1 0.7~0.8
PLE o SR 2 AN LU AT SRR R R
H AL G b RIE S 25 L N A TRR BUAR T 4E B84
FEIR AN FZ AL, SR RIAE T, P 584 28 22 L 5l s
SRR N 53 ) BER By, Wit N\ AT DL AR
T T J2 A ANt 2 5 R R DA e SR T = P AT
LA .

A P P 24 WLk ) A 205 R S A TV 2k 26
AfLLE 40 400 28 R AL B s AL A TR 2
T B AR G IR KOE BT AL, 12 T s
SRPE A T AR 2, PR 2 TR A RO 25 R, B AR
g b IR W A LAEAE K BTt 25 &, HAE SRR
568 2 T30 25 ¥ SRS 7 B, H A AR G B R T
S5 AL Hb T 90 2R 2R AR T 0 20 4 2 22 UM LBt = AL
FOR BRITE T B E A& e iflin KUE s 55 LT H 1) 55 52
B SRR, RO B e R T H AR A 2E AR LB
M55 55 AL, 338 11 5 BSCRF I 1 b T 908 2K 2R 1% T 40 B A
FEIRANBNBEFZ AL RIS, 254 40 40k 22 1 AL 3)
W5 25 LA T R B S TR R T DLE Y, $H 4R
FEZE R AMLBNWE S ML i i v T 3 B 4
FIR XGE W Z ML, W15 HEWT , 10400 e R AN LB %
WLZGW R R I E B R AE T, b i BRI 253 &=
KRR &, N S B R . EEE K
B AR R, A A AT 2L R LB W S AW 24 5 , 7
g )2 M T 9 52 DX ek ) WA 38 K it 2R 245, I S
T UL HEWT . BRI R4S 7 i 24 LA ) 24 VR
RIS BNRZER, B AL G R X GE 5 55 HLIRR
RKIBREFERZWEESHIERE, MHEFEE
AHLBNWESZ AR RIS A 2 B 2 TR TR

B 558 A o e 2 AT LA [R] ) 25 W R s A, B
AN AT SR BCRH R P et 4 i DA ey oA ST AR 2
X T AE AT ZE S AN BN AL, FH I8 v] 0, 78
2.0 MPa i %5 & 71K, 1.0 mm FLA% I B30 AR 26 5 B
f, A 456 SRR aT AR, 24 %50 VMD KT
190 pum B CEE & WE 1 m) , ZiHE 2 LA R EB
AL AMEESTTRRAE 70% LA E , 2K TR AR, 550 5
7 e IR, BIA RN EZ B E AR, S8
WA 2 0 X e 2 TR AL AR BB T , 1 s 24
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W %% . (HEEEE VMD 38K, 2536 BT 45 717 At =t
K, 5 B0 B Ak 3 by S BT R R B I R AR
SRMEFE R R A s H 28 28 42 s8N it 25 ML
(A RCDURR 6, 7T B A 55 T U 56 11 [ o) 42 v VR
T AT UE 3 R R FL S I A B A< . 02K A 0.7 mm
FLAR I FE T Sk AR I 15 XSS B, 32 3 S5 Wl UR T
AR A BT R R (A I 3 A3 2 B AR L 7
PERFRAAE F F . BERIE T AR E R TR
A SR el i 2 e i SR [ T R A /) g J2 5 AR P 2R
bel o T H B AL Gl Rk S 0L, BT A
TR B, RS 1 BE B RAR I R 3z, R AR SR TT DA
BEH B S RBNTEE . R MTTRRGE R E , &
KL 4% (VMD: 233.44~255.07 pm) ) K /N3t 5& 2
AMIUARLE S /N o T Mt 2 T B A EoRE S
JZ b BB UAR o B 55 3 A K B S PR K B
P R, U B (1% B 5 A G el I X 5 L
TR TR B R R B AT o . R BT AR R 2
BRI R B, T EOE T AR A S ] w1 K T R0
2y B4 AR G XS I S5 AL F T 42 a2 Al
SR I, A RO 22 KR a7, an sk s L5 A%
A 435 K T 5 LAE A R AR P AR 0T SR e 245
BRI 263047 156, 25 R FEMF 2610 T4 5
A% T 55 HLLE B 5 A SR el P SRR R L Rk
FhE s 10% 0L BB, st TR i SR, B
A 2 bt IR S 25 ML SR AT G B S , 2 41 Ah
PR , A FEAR B BOAR A 4 1) Fob b Ao R AT AR 2
%5, V7 25 2 B st 55 K, gk S AR 18 55 /N R A
W% 5524250 XA AR 2450 AR TR R AT A AR KR T 23 1]

[FS, 5 B A F 1 A R s e ANUA B, B
SRR T AN R A it — PR R Bl T
W5 24 77 ) [4) 22 3 3504 G AR W LI 5 48 AR T8 AL
DURR S5 A 1R 55 1 B M S ABL LR T A ML DUAR 45 44
— N R RO, R R, T AR AR
WA CRTC AL AT DA% S0 2R [l A AR LR AT — 28 1)
e

4 B

i FIARBT TR I, B B AR fLAR DN
T S BE PR AR 55 T KL AR, 1H 55 R4S I AR TE BRI /DN
xR R AN EHL, HIE KT
2 MPall , Z5- W R0AT 52 Tt 1 85 s 70 R B2 24148 K
WSS o [R5 TRTRLARE R BN ity S PT LR i AR 245 11

BRI . H 2% VMD /T 190 pm B (P 5
M1 1 m) , 55 45415 e B K, BA R 2 3
(1955 A PR, 5 B2 R e J2 o 3 X i 22 iR
TR B HO T, 2538 B2 IR B . 0T E AR Sl
WA BES U VI ) e N R i7) B S RA N A ok i
N8 J2 YIS 48 55 5 i 1 el 2 1R 2 G 1, S HL AL
Fr A T T 2 BN A TR 3
0.7~0.8.

FAHAE ZE TR MBI 8 5 ML 245 9 B R 1) 3
RITE T, I b 0 23 i e i e KR B o, 1T 5 3
ZIMRTE L o T 78 AR e Rk 58 AL I I 2K
BREFERFWASP RS . EEXT PR 25 MUK
AR PR 2 0 R I8 A%, T SR ECRH I 1D et 44 e ok 2
T HA TR R T 4 2 A LB B S AL, B
T B 25 DUAR 2R 110 [ s 82 e R P ) i 3L
ISINER BN SR X T H AL G K% mE 5 AL,
T 4 B AR T B, S50 RLAR 1R KN e 2 A 4
DURL LGS M A /0 o B 32 L0 0 A0 5 % 55 R 5ok
TEAG GE AL R BT S5 AL FH T BBl 2% A R bl
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