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(A) Dv(10) of Japanese type fan nozzles B) Dv(50) of Japanese type fan nozzles
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Fig. 1. Comparison of droplet size distributions. (A to C) Dv(10), Dv(50), and Dv(90) values for

ten types of Japanese nozzles and (D to F) seven types of small nozzles used in Taiwan at

different spraying pressure conditions.



FFEI 7 kgf/em® B > BEJT S TR AL B
Ko R Fy -3.42 ~ -5.32 0 {HIREERR T $HHL
BR/INBALRY B FF 4% - 1L 7 kef/
cm’ 5 15 kgf/em® £} 3K 4 5 -1.45 ~ -2.03 »

#& 15 kgf/cm® 1] 20 kgf/cm® Kz 20 kgf/cm® Fi]
25 kgf/cm® 43 HI| AT T -0.44 ~ -1.15 J% -0.5 ~
-0.87 HY N FEME [ 75/ FeE 5H AR A HIER
t o BT HS H-4 R/ £E Dv(10) K
Dv(50) MEHHRTHIASIRARAT - % Dv(90) &7
A =4H 0 WEE SRIEE K HY HS D-8 f2 JA J-8
LR R A 75 i e T L L A SR B8 /N Y M B
RIFREFZ - PRI AT HH RIS R I - 2B A8
FHUORHY/INEE BE AN SRS By 8 - B R AT
DG FER — e S i -

(=) RIEWEE (K ) A M b %
FiE 2 sk

M /Nes e H RRUEER > 8 SRR EH
TR AT > 7 3 kgf/em’ BEER T PL
1.0 B FH Dv(50) Fy 132.8 pm 4 » HERIE FH
Y 107 ~ 120.3 pm > #FAHZEAE 10 um 72
o BEITHRIE] 7 K 20 kegflem® I3 2 12 {1
B #iraysEa] oy Ky =4H : PL D-3 J¢ PL
D-4 fir AL By —4H > 20 kgf/em® £ 64.03
F2 65.76 um > PLD-5 ~ KSC-5 ~ HSH-5 ~ PL
D-6 Jz PL 0.8 Fy—4H - K153 5l Fy 75.52 ~
74.81 ~ 80.08 ~ 78.33 ~ 75.34 ym » LKz PL 1.0
B B — &AL 18 Fy 80.36 pm > 7 4H IR Y75
R/NZEERELE 5 um /o5 R AELL - R
FEA B J7 N B 5 A k> Dv(10)
Je Dv(50) ErfREEH » & Dv(90) HF PL 1.0 fir
R B R

HEREEEIPHIEE 13

=~ ZEH#EREPEE KR
RINTRLZ TR

S J 5 S ME TE 43 AR 1SO 10625
SraRTE 0 DL SR TR Y = R R
77 20 kgf/em® AR R 25 <7 08 T #ETT
EERAVAHRIE 5y - AR — IS BE R s
{8 K TH B E 7 HUBEHIES » A RESiE 2
EE L RAEIEE RE AT RERINE
ERARFIL G R - FEAFREES
& o MRIAMEEH FEFE AR/ NREBIRE » 5
T 16 4R E AR/ MERER] > 73R R < 0.75
L/min DA & /N & 0.75 ~ 3.00 L/min &2 DL
0.25 L/min {E fs—{@& R » DL AEH — 0.85
L/min £ PL D-35 {Ui E&E - e A%
4 3.00 L/min K 3.50 L/min LA 0.5 L/min {F
B o KR &Y 4.00 ~ 6.00 L/min ¥ 1L 1
L/min A& > DLK > 6 L/min & » 3 16 {id
4HIERE o 4y BIDARZ AR 21 5% L/min &5
72 R+ 0.1 L/min {F By o3 4HAZAE - &5 BR
1.25 L/min fy i 26 SOBIHAVR E &R - AR
BRI SRS By 5 ~ 6 ~ 7 B S HIFEE{ER
& WNBEAYJAT-5 K PLD-6 > IR HE
Y JAJ-5KSK-6~KSK-7~PLD-6° /]~
H 518 B8 2 {ir i~ 7 & 0.85 ~ 1.75 L/min 2
R > — /N HS H-4 R & B < 0.75 L/
min JZ#5AHY H 0.8 i 8 B 2.25 L/min © [
K J5 e O #i [& 8 K {¢ PL D-3 Y 1 L/min
%] PL D-4 {{J 1.5 L/min » DL #E S 1.50
~ 4.00 L/min & > fHEH/ NS EHE AR
Bk i - H Y PL D-5 Kz/)Ngs HS H-5
BLUK G PL D-3 EAMUBVRE AN 5 ifi



14 =EEEEERE 55 340

/NS HS D-8 Kz H f& PL D-8 .81 K F5HY PL
D-4 HAEMAVRE R/ 5 HERY H 0.8 B
K= PL D-5 ) HS H-5 A H{LUAY R &
KN o 2R > MR AR > T+ 5% L/
min ; /N E R Ry B #% > 40 0.75 L/min
BF > VME DR i a7 i [E 2 BE 1T 0.0375 L/min
FYZERE > fi 2L T+ 0.1 L/min ; f522£E > FI 0.75
J2 0.85 FEH A& A & i e R R 4 1Y
ERIEE - (HH ~ /NBHY PL D-35 BLEE TR
BRI 7 51 HERAVAH A E I RETEE T
ST DA 0 % T+ 5% L/min | HYFREEELE /N
R Ry HEAORERELEEE T+ 0.1
L/min | BEERIGEFRETZ (RIU) -

VY ~ A[EBR /7T H BB PL D-5 7% 1%
WA B LT B A G Bt SR

THOG AL H BRI AHRE - CH 2
INGETEAIT O Z LR © o I AR TR I L A
e SR 1 N EIE T A NN B =t L
P75 A R A H B PLD-5 > KR 46
MR A4l AT — P51 E - RIZETH
BUA R BRI > @5y By < 100 ~ 100 ~
150 ~ 150 ~ 200 Jz > 200 pm > GEREEIR 0 >
200 pum 75 7% 75 (K B 3 kgf/em® L5 6% » R
JIFEEE] 7 kgf/em® AIIRCE 2% > FEEET)
| 25 kgflem® HIRF] 0.1% HIFE0 » MAES
BESTT » 3500 G A REEBIRY By < 100 pm #Y
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RO ~ 25 LB IETER 20 kgf/em” [EHEE N R ZREDR

Table 4. Flow rate classification of 25 stainless steel fan nozzles at 20 kgf/cm’ of spray

)

pressure1
Classi- Flow rate at  Flow rate Flow rate Small fan Japanese fan Large fan
fication 20 kgf/cm® (with relative (with toler-  nozzle type nozzle nozzle type
(L/min)  tolerance of  ance of + type
+ 5%) 0.1 L/min)
(L/min) (L/min)
1 <0.75 HS H-4 (0.54) HS H-4 (0.54)
2 0.75 0.71~0.79  0.65~0.85
3 0.85 0.81~0.89 PL D-35 (0.86) PL D-35 (0.88)
4 1.00 095~1.05 090~1.10 HSH-5(0.95) PLD-5(0.96) PLD-3(1.00)
5 1.25 1.19~131 1.15~135 JAJ-5(1.22) JAJ-5(1.20)
PLD-6 (1.26) KSK-6(1.29)
KS K-7 (1.28)
PL D-6 (1.26)
6 1.50 1.43~158 1.40~1.60 HSD-8(1.54) PLD-8(1.44) PLD-4(1.44)
7 1.75 1.66 ~1.84 1.65~1.85 JAJ-8(1.72) JAIJ-8(1.74)
8 2.00 1.90~2.10 1.90~2.10 KS C-5(1.92)
9 2.25 2.14~236 2.15~235 H 0.8 (2.22) PL D-5 (2.17)
HS H-5 (2.19)
10 2.50 2.38~2.63 2.40~2.60 PL D-6 (2.49)
11 3.00 2.85~3.15 2.90~3.10 PL 0.8 (3.00)
12 3.50 3.33~3.68 3.40~3.60
13 4.00 3.80~420 3.90~4.10 PL 1.0 (3.82)
14 5.00 4.75~525 490~5.10
15 6.00 5.70~6.30 5.90~6.10
16 > 6.00

" Flow rate data only represents the nozzles investigated in the current study.

£ 1 m/s F2 2 m/s JEZR T 2 —FRAYHENL > 2
m/s [ 3 kgf/em® EORBAEGERER 4 m ~ BE
#0.09% > {H 25 kgf/em’ PHEE S 3 m &R
F50.16% ([ =) - #EHIH TTHER 25 kgf/cm?
MEEHEE o /N AT G EL IR o TR SR

%S S/ NE R ERA > BRI B2
SFFRLSERVER S YE - RIS AR -
HE5 P o R A B 2 B 1 — (] T e Y sk
BEEAUCEI BB - bR E SR
IS FSHARE © B3 > ATRESR 25 keflem® 15
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(A)
Droplet size proportion (3 kgf/cm?)

6%

13%

m<100um

M 100-150 um

#150-200 um
>200um

©

(B)
Droplet size proportion (7 kgf/cm?)
2%

8%
B <100um
26% ¥ 100-150 um
™ 150-200 um

>200um

64%

Droplet size proportion (25 kgf/cm?)

13%, 2% _0%

85%

W< 100um

B 100-150 um

= 150-200 um
>200um

B = + HE PL D-5 BZIESAR (A) 3 kgf/cm® ~ (B) 7 kgf/cm® K (C) 25 kgf/cm® BN ZH kI

DEELLBY -

Fig. 2. Droplet size proportions for the PL D-5 Japanese type fan nozzle under (A) 3, (B) 7 and (C)

25 kgf/cm’ of spray pressure.

R I TR/ ) ReE TEEf
81 3 kef/em® NHIF ML - HFBRANME
HIRBEGROE T > A & i i i B Ay T A
(BN > SRR e B M T A H N
IEF IR ) - W4 S A S IE pmAY - RIEEE
TR H B EEACE - BT KRB
ML e 2R 8RN AN B R A AR 2 i I AH A
IR (% - TIAE 7 kgflem’ B NGNS » R 3

F 25 kgf/em® 284515 5 ~ 10°C - fE BB PERE
K > fEmAE (A BT 7 kgf/em?® IR -
T VR P A e N S KA A R
IR > 40 7 m/s DL FERELETEE 7 m DL
b BRI BUR R A R E

5% e g [ 328 e/ N DR Y 45 0 > T R 25
B HA/NEERARERE R T - B
TR E AR o



EHEREEEIPHENE 17

. Tem. Drift distance from nozzle (m)
Wind N
Pressure | (C )/ 8.0
speed 5 .
(kgf/cm”) |Humid-| 0.5 1.0/ 1.5| 20| 25| 3.0/ 40| 50| 60| 7.0| 8.0 ver-
(m/s) . .
ity (%) tical
26.6/
3 476 5.27| 0.05| 0.01| 0.02|0.00|0.00|0.000.000.01|0.00|0.00|0.00
37.26 /
1 7 493 14.28| 0.66( 0.12| 0.04|0.00 | 0.00 | 0.00 | 0.00| 0.00 | 0.00 | 0.00 | 0.00
27.56/
25 45 0.55| 0.03| 0.04| 0.02|0.01(0.01|0.01|0.01/0.01/0.00|0.00|0.00
2741/
3 47.0 89.99| 9.55| 4.75| 1.52(0.80| 0.34| 0.09 | 0.02 | 0.00 | 0.00 | 0.00 | 0.00
33.28/
2 7 63.75 Full [41.33| 8.94| 4.64|3.32|1.59/0.99(0.33]0.09|0.08| 0.01 | 0.01
26.89 /
25 445 80.35| 6.97| 0.45| 0.29(0.13|0.16| 0.03 | 0.02 | 0.00 | 0.00 | 0.01 | 0.01
25.87/
3 582 80.58 (48.85| 7.88| 2.15(1.41|1.34|0.76|0.38 | 0.16 | 0.07 | 0.03 | 0.06
3891/
3 7 43.57 94.8168.82|13.87 | 8.23|8.00|2.54|1.57{0.48 | 0.28| 0.09| 0.02 | 0.01
25.99/
25 551 Full {43.29(29.15[10.66 | 6.17 | 3.02| 1.75 { 0.72 | 0.04 | 0.02 | 0.00 | 0.00
26.45/
3 56.1 Full {72.49| 9.29| 3.41|2.51|2.87|5.22({2.28|1.56|1.27|0.37 | 6.48
33.71/
4 7 61.53 93.67 [81.10|18.94 | 5.81|5.53|5.75|5.75|4.14|2.45| 1.28| 0.59 | 3.60
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&= - HE PLD-5 BEBERARRIES (37~ 25 kgf/em®) RER (1,2,3,4 m/s) FEHH

BUEERE (m) BBEX (%) 7B - MEBEERERTKAB LB BBEETE 0.05% L
(BB R KER A 0.02 uL/cm’) RABEBEE -

Fig. 3. Spray drift distance (m) and droplet coverage (%) of the PL D-5 Japanese type fan nozzle
under 3, 7, and 25 kgf/cm” of spray pressure and different wind speeds. The water sensitive
paper revealed that critical droplet coverage was higher than 0.05% (equivalent to 0.02 uL/
cm’ with deposition water amount by software caculation), representing spray drift and

colored in grey.
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Abstract
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Huang, Y. R., and Syu, R. J. 2017. Study on nozzle flow rate, droplets size
distribution and its drifting ability of various fan type nozzles used in Taiwan. Taiwan
Pestic. Sci. 3: 1-24.

In this study, we tested 25 stainless steel fan nozzles that are used in Taiwan (including
7 types of small nozzles, 10 types of Japanese nozzles, and 8 types of large nozzles) in order
to improve understanding of droplet size distribution under 3, 7, 15, 20, and 25 kgf/cm’
of spray pressure. Most nozzles (exception of some smaller and larger size nozzles which
named number 4 or 8 and 1.0) spray droplets have a similar size distribution; such as
77.17 ~ 101.5 um and 64.03 ~ 80.08 um under 7 kgf/cm” and 20 kgf/cm’ of spray pressure,
respectively. We tested and categorized nozzles into 16 groups according to their flow
rate under 20 kgf/cm® of spray pressure. Most small nozzles and Japanese nozzles were
classified in the 0.85 ~ 1.75 L/min group. Furthermore, large nozzles had a larger flow rate
and belonged to the 1.50 ~ 4.00 L/min group. However, some different types of nozzles (i.e.,
HS H-5, small type; PL D-5; Japanese type, and PL D-3; large type) were found to have the
same flow rate of 1.00 L/min. In order to evaluate the spray drift distance of the stainless
steel fan nozzle used in Taiwan under typical field application conditions, we chose one
commonly used nozzle PL D-5 for experiment. Specifically, these conditions included a
downward spray pattern (the spray pattern that is most commonly used for ground crops)
and spray pressures of 3, 7, and 25 kgf/cm’, respectively. Our results revealed that (1)

under all pressure conditions, sprays were able to drift more than 8 m when the wind speed
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was 4 m/s; and (2) 3 kgf/cm” of pressure was associated with longer spray drift distances
than was 25 kgf/cm’ of pressure at all 1~ 4 m/s wind speeds. For example, when the wind
speed was 2 m/s, the spray drift at 3 kgf/cm’ of pressure was more than 4 m, but when the
pressure was 25 kgf/cm’, the spray drift was only 3 m. We also found that, when test under
higher temperatures and faster wind speeds (more than 2 m/s), the drift distance can reach
over 7 meters when the spray pressure is 7 kgf/cm®. Above all, evaluation of spray drift is a
complicated issue; we should combine not only droplet size distribution but temperature,
humidity, wind speed all parameters into consideration. In order to further improve
understanding of spray drift, we recommend that future research focus on collecting more
spray drift data for additional spray nozzles used in Taiwan and assist with the computer
software used to predict spray drift distances for more completely evaluation of droplet

spray drift.

Key words: spray nozzle, flow rate, spray drift, droplet size.
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