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ABSTRACT

A direct water spray system and a pulsatory water spray system were developed in
order to reduce labor during the process of thinning peach flower and buds, These
systems consist of a power sprayer for pesticides, equipped with a newly—developed
direct water spray gun with a special nozzle that has excellent performance for direct
water spray and wear resistance, This newly—developed direct water spray gun is
smaller and lighter than commercially—used direct water spray guns, and the trigger
can be pulled easily, We measured the impingement forces and spraying concentration,
according to the pressure of the power sprayer, distance of gspray, and diameter of
nozzle, to identify key characteristics of the newly—developed system, In addition, its
agricultural performance was evaluated by investigating the effect of different
pressures, distance of spray, and diameter of nozzle on flower and bud thinning and
defoliation rate, In the field application test based on the selected conditions, the
flower and leaf bud thinning rates were ideal for fruit production and showed higher
fruit characteristics compared with fruits produced by a conventional fruit setting
management method, In addition, the application of this system for flower thinning
can considerably reduce the total work time compared with the conventional method,
Hence, it is expected that the newly developed system can be used for labor savings
during fruit setting management in peach cultivation, Also another study was conducted
to select optimal water spray number for efficient utilization of pulsatory direct water
spray gun system, In order to accomplish the purpose of this research, we evaluated
the impingement forces, according to different power pressure, distance, and number of

water spray using newly developed pulsatory direct water spray gun system, Based on
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the result of basic test, power pressure and distance of spray that can expect excellent
performance were selected as 2MPa and 1m, respectively, Afterwards flower and leaf
bud thinning rate were investigated with different water spray number per second
under four different flower developmental stages, As a result, we found that the optimal
water spray condition for the use of pulsatory direct water spray gun system is nine
per second at the flowering stage because it resulted in 80% of the flower thinning
rate and below 8% of the leaf bud thinning rate, These results will be used for field

application, which can be contributed to labor savings in peach cultivation,
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"pressure of power sprayer. 2 MPa, Nozzle diameter: 2.0 mm, spray distance: 1.0 m.
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3.1 3.8t1.7 532+36 558%x16 602+53 0.0x00 40+03 63+05 58+0.1

"pregsure of power sprayer. 2 MPa, spray distance: 1.0 m, spray direction: reverse,

(4) #AF A B} =F AAe 4T IF
SEET7] oY 2MPa Bl R EARIA e ASTEAE A= - Hsledt A Cﬁ%% LreRA
A= = T71M o A=EE EARAE 0.5me Af =537
2= g o1} o] AL HPFo| 16% oJACE 57] ¥ e g
T de TR L}EP*E} EE BEAE 1,0molA e HHEe nF
Z¥7F 60.5%, 69.3%= UEhgon, AGES B Fo] A glo]

F
~
[op}
=2 |
I
m
E‘E
>,i we,
2o
N
N,
)

1.5mm ©]AoA 60% ©]A
kgl EAIE TEAIE
1A 2 0mm, 2. 4mmo|| Al
4.2% olst= ettt

H 4, LEXNALN BEAAZN OE HE  MHE (Z= USHA 227]))
st LEXNE (mm)
g LZF0] EHE HE (%) Y=0] HHZ HE (%)
7.
(m)™ 0.9 15 2 2.4 3.1 0.9 15 2 2.4 3.1

0.5 327+26 602+35 68,8£22 735x17 752x1.3 162x12 15411 163x14 201+1.4 280x15
1 86£28 17.3£31 60.5£38 €9.3£5.0 532£36 00x00 31+14 33+11 42x11 40207
1.5 48+20 156225 56,2£32 644x23 42536 00x00 12+02 15204 21x02 1202
2 00£00 00+00 00+00 00+00 00+00 00x00 0000 0000 00£00 0000

"pressure of power sprayer: 2MPa, spray direction: reverse,
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SAZM = 719k AR 23S Bk AP 1L.0me] - =527 2.0mm, 2.4mm
oMol A=go] A7 62.5%, 70.8%= LEPEL, FAAH 15me] B¢ =EH% 2.4mmoAM <]
2=go] 68.6%= UEPt=T] o5 oMo AYES 8.1% o5l F53t Foldinh e
Ao HARAY 1.0moME =237 2.0mm, 2 4mmof|A Q] A=Z-go] 22}t 68,1%, 83,8%= LE}

Wi, BEARAEY 1 5moAe =EAF 2. 4mmo|A Q] AFgo] 73 8%2 UERdET olE Z2HA9
GRS 0.5% ol5kE Ushiith Wb B3, FAY, Bl mE A48T 4 gl Mol 2]
2 SREFS DPelL, FHEYY) U 2,0MPa, £AMY 1.0m ¥ 25X 2,4mme]
ZAoln o= e AAAXNFAN EARSEIL =& G99 RS 201 = st
H 5 LEXAL BEAAZN E XNEF - HEE (E= 22HA: M)
i L& g (mm)
72 Zx0] BO{Z HE (%) YE0l BAT HE (%)

Z
(m)™ 5 g 15 2 2.4 3.1 0.9 15 2 2.4 3.1

0.5 54321 618£27 T28x22 823x13 W2+38 83122 02£20 304x10 334x16 404+13
1 400x26 476x22 625£33 708+£32 55,8x16 3104 5207 72x07 81122 6309
1.5 0000 82x31 8.2+24 638639 462+37 0000 22£18 42+18 5120 3208
2 0000 00x00 101£21 191+37 11227 0000 00x00 00£00 0000 00£00

"pressure of power sprayer: 2MPa, spray direction: reverse,

# 6. LE2XdY ZAEo GE HE - HEE (ZEx EsUA: W)

il

= =
S =E2E (mm)
] 20| EHZ HZ (%) YEOl EHE HE (%)
Z
(m) 0.9 15 2 2.4 3.1 0.9 15 2 2.4 3.1

0.5 60508 67422 802+£11 917£35 95412 333+12 402421 454409 484417 54.0+16
1 520£31 5.2+45 631£35 838146 602x53 52+05 T74x09 84+12 95x21 5830
1.5 94+27 0024 646+12 738+38 433£34 0000 0000 52+10 6208 3115
2 0000 00£00 203x14 4320 288x24 0000 0000 12+10 21109 0000

"pressure of power sprayer: 2MPa, spray direction: reverse,

N AZAR A" 38 9F YRS BE3P] AEl B oE, EA1E, =5
e A FAFT 2AF AFEE AISshaL ot AU e A= Hsh A9 des A
23, offiet T2 s EET o AT FEHERY] $¥el 4

474 2.4~2 Tmmo| A HglE 7= Ao vERgon, RAL e FEET
IMPadl A% BARAE 1.0m ¥ =227 1 7mm o4, SR ¢teo] 2~3MPagl
719 1.0m 3 =EF74 1.5mm oM F27t ACR &
S5 pdet E3HE B ZAE M A B4Rl UL

=

flo

R

e
b o Az G o o oy

i

i
T
ol
H
H
:10

5
=L
ot
{li{e3
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noon Ag- A5ty U AYBE F76Hs AR Ushith 57, A, s R
o 70% olAo] M- HEHgal 10% olste] APRL X Ao APrAL BT oI
olglom, FURR) o oMPa, BAE] 10m % 1227 2.4mmel 2A0E WolElo] A%
QNN HEAAEA B Golah UxsHe Ao Ui}, ol A= ABHEE 60~80%
Sz, AGRS 19% olstlA Hah YArge] BE A0 MIET 9y] wEe] AuE A
A2TE AR AL A5t 420 A5E ARE A0 BT % YT

B ATE AN Ry JEgRt 4T 5 ABARS 9% AR B§Y Ao, ok

AN
SN Ssot AR - A3 BS AT AHIE o|FeH VAT = e ALE g,

(NE 2) WEY FABA BEA A28 A
7, WER ARA BRA Aadle] 4% aAd
wEeg Bezdo) A Bo) WeH 5
A Wb FAEe] FbHE A0® Ushtm, HAE BYFe 8d deE HAbEol
ARoh Bio] $ABE ol Ao u -

= . Ws
Yol AR, WERE 25 18] EAbEs A= aabE g

w
n

Inner pressure change (MPa)

UEY A B A] FEET) G orE HBH: IMPa, aMPaclAE =Z470] 7 o

o5 geo] 0,.23~0.28MPa SO E FASGIL S, LEHF FAUSE FYRI|Y
QFejo] wobi Aolgih, oleT AL UHF YBU(MPa, 2MPa, 3MPa)lA
Y48 FYLTI) greo] s Soto] HAEE Bl FUlsHAA e

e LR 8).

o
B
Ol
i
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O
o

BilMPa BHzZMPa E3 MPa

o

u
R
M

0

F
7
\\\\3‘3‘\\&“‘

=
—_— ?/f

\“\\%

i
N
w
N

Q

(]
W
W

Jet impingement force (kg)
o
W

o
[
\

AN
W

W

=

%
N

=

o

a8 9 SHERY| Yy LEAEE U XA R0 ZAA HM 548 (EFA42] 1m)

FUREy] el ulsd HRAF BEAS HA FHUL IMPac]Ai 0.14~0.2kg, 2MPa
o4 0.2~0.3kg, SMPaclili: 0.2~0 5kgQ® Ushdth FeHYY|Y arelo] F7bsha FHYE
F7bhe Ao st mR m2A7e] 751 FA4UE Fvsldou, A YA w2
4 7E 2MPa, 3MPacld FUSHA 2.0~2 dmm ehd} webd =247 8 immel A %4
o] ] Zadts B e,

4000
|miMPa B2 MPa B3 MPa
3500
3000
2500
2000

1500

& BAE (/e

1000

SO0

0.99 20

Nozzle diameter (mm)

3% 10, SYERY| YUY LENHN 02 WS KA 2270 ZAA 2 EAY

Hg Ry oteld gAIZE & EANE IMPaoA 550~1,480L, 2MPaoA 980~2,480L,
3MPacl|A] 880~3,480LE UENNTE E3F FEZ o] SR & BARFE S7beeE Hd

AR =ZA7 2.0~2 dmmol L thh Fashe AR veith & 17 99 FYRT)
o] o3t FAYT MY AFOE ehgt
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1MPa 2 MPa 3MPa
30'3 B0Sm W10m @15m B20m P04, S05m WLOm B15m 02.0m § 06 |mo5m m10m @15m B20m
¥ : :
502 8 8 o4
2 7% &
£ § 02 | 3
E 01 £ § 02
$ H .
E E z
5 0 g 0 £ 00 ! :
* 099 15 20 24 09 15 20 24 31 099 15 20 24 31
Nozzle diameter (mm) Nozzle diameter (mm) Nozzle diameter (mm)

23 11 SYESY| YR LENAN G2 USH M2A 2270 2AA 2AEE 523

TYEEY] oY IMPa, 2MPa, 3MPaollX HAMAZE FAHE HdUAR =E247% 2, 0mm~2, 4mm
oM A= ZAEL 717t 0.2kg, 0.38kg, 0.5kg2 2 UERFT, BAMAY] 2 Z22e 0.5m
AgolA FAYo] #A UL, HAAZZE Holdes SAY0] Tadle BAYFSE YT

s 5
8 8
8 8

@0.5m
u10m

.l
=1
[~
=
e
(=]

B15m
22.0m

=]
-
=
S

HAE HE A (mm)
A E HEZH (mm)

=]

o

M E HEH (mm)
o

09 15 20 24 31 099 15 20 24 31 N Wy 0 2

5 57 (mm) 552 (mm) TEHE (mm)
a8 12, SEER

[

1MPa 2MPa 3MPa

100 100

o 80 iy &
U U

|/O05m iil'h 60 _‘k_, 60
w

wiom Y B ©

L @15m B 20 T 0

i H20m 0 - 0

0% 15 0 24 099 15 20 24 31 099 15 20 24 31

EEXF (mm) £ EE (mm) 5% (mm)

PEE BAF F AEEE W ABE IMPaoA k=EF 2.0mmo] o FARAE (0.5m, 1.0m,
1.5m, 2.0m)of|A ¥ AL 22mm, 31mm, 34mm, 36mmo]%aL, Y AAe] vpAEer =52 52, 37,
25, 6 £ol9itt 2MPaoA =ZA 74 2. 0mmo] WE EAFAF (0.5m, 1.0m, 1.5m, 2. 0m)ojA|
Y AAL 20mm, 29mm, 38mm, 37mmo|aL, Y AAF L] vHHE 552 60, 48, 39, 18 o]l
3MPaojA] =224 2 Ommo|| W& EAFAZ (0.5m, 1.0m, 1.5m, 2.0m)ojA ¥ AA-L 20mm,
29mm, 38mm, 37mmo] {1, 4;4171_4 vlAlE S22 62, 52, 47, 23 £o]¢r)

=ZA% 2.0~2. 4mm ol A7 28mm I, wHAEF S 60 OV\P_E A AL =7t
ok, SAYE w2 e "}E}‘*"/}
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i} wEE BRA Aag A 45 20
u R AAde) A5AE olF F

2
A% 5o ol B wRAAGHAE B4 F A9 45t Ans 259

27 HE:UEE359 Zux|E 0|88 SH=Z RV YHE HEEg H HEYE
=
[=)

Sl ZE0| EAHT HE (%) §=0| O HIE (%)

(&E)Z gotzl 2871 3d7 JHEA gotzl  E2&71 M7 HHEA
1 35£2.0° 481+67 51.3+47 536+67 00£00 00+00 0000 04+06
2 56071  502+90 635x33 67.56£68 00£00 26x42  38£27  68%£72
3 11175  7.0+46 739+33 8L7x43 00x00 23965 351£76 37.9x£22

? Means + SE (n=10)

FTEERY] =] UM weEtd A=EE FUHEL, Eieo] oo st AR JaH
webA A2ge S/ RSl g, s OE H=E 50% o2 IMPa FA417], 2MPa,
3MpadlAl= E&7190} 2MPacl = 87| 50.2%, 47| 63,5%, 7NSHA] 67.5%= LFERREAL
3MPao & B3 7] 71.0%, EA7] 73.9%, /A3l 81.7%= vyeEldc)

YRS dEE AYES WMPa oA Lo |~ASAIZEA] 0.0~0.4%0]%0 2L, 2MPadl A=
87] 2.6%, 7HSHA] 3.8%, W7 6.8%0]1%1L, 3MPaclil= E87] 23.9%, FA17] 35.1%, 7HEHA|
37.9%% YEisth wetd A=2&d AHES 47 LT AS aMPaclA H=& 50.2~67.5%,
HYE 0.0~6.8%22 A% oz RAEQT SMPadAl= A=& 71.0~81. 7203y AHAE
23.9~37.9%% HestA e Wt opet ue HAX = 5o FARg-o] UEhT)

=
A =z @=TAE HEE (%) e E=HUAE HEE (%)

Ay dY oy =&7 Su7I UER 2ot =87 S47 UE
&9 00400 11.3x1.2 33.6+37 421x52 0.0+£0.0 0.0+0.0 00x00 00=x0.0

SH S 46£26 162x71 334+43 433£30 0.0£00 00£00 16£01 50%02
o " 55£71 502490 635+33 67.5£68 00x£00 11£05 71£02 89£03

*FEERY] 4 OMPa, EFE! 1m, =FA%! 2,0mm

g

MEY HEA BT HASFS Anb AFe] el HHEL Wopr|~AstA 7
0.0~42,1%°] 1L, SN £57] 16.2%, F47] 38.4%, 7WSHA] 43.3%0| UL, rgaFoA
AR HE/ oI 50.2%, FA] 63.5% HehA] 67.5%019%, LSl Wake Au Au
ol Suald SAH: o] AEge] S5 Ao Ushith WEY AEA BEA)
SAPEREE o] HARE Wol |~ A 0,0%01 91T, SHEREE 0.0~5.0%, A
0.0~8.9%019Ic}. WebA WEY AEAL HEe] HAb gake Auba Aol el FA710
H2g 63.5% AR 1192 A0 HAgo] ke
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=N

12.5£8.5
52.5x4.3 55,4+4.4
63.6£3.3 67.56x3.9
65,7£30 70.6x3.6 0,0=0,0

0.0x0,0

0.6x0.2 0,0=x0.0

[\

.Omm <}
=247 2 Ommoﬂfﬂ =g

7ol F7kgkel weEb H=gm HdE] FUHE AT Y 4
2. 4mmol| A S e Zlat ol
o BTy 50,99,
o BZy) 52 4%, EX17) 65.7%, WHA] 70.6% £20]
=47 2.4mm°1W 0~6,4%% F&

& 2. 4mmol A A= go]

7¥A] Apere] ol

2ol
£& 2. 4mmolA] 95
NSIA] 67.5%
it
Ao et
o519}

T

25
Z417] 63.5%,

A

=H O

=T

HE

(m)
0.9

3.1

0.5 259x4.1 57.7£4,5 65.3£4.8 70.8+3,2 44.3£6,4 0.0=0.0
1.0 57£4.3 4156%£76 50,2190 52,448 19934 0.0=0.0
1.5 04=07 31,8+97 34.4+5.3 45,058 9.4+89 0.0=0.0

2.0 00zx0,0 7.8x62 00x0.0 24£58 50x87 0.0=x0.0

2,6=0.8
0,6x0.,5
0.0=0.0

0.0x0.0

H

* SRR YU 2 MPa, BT ¥ AP Ade] 99

ol B HEAIN HEA Holass
Dﬂﬂ(ﬂmﬂ%1i§ﬁﬁ15mﬂ4mmﬂml,

Bgot By R/ BIA} Holaas HYE

Fo| 5. 720U, EFAH 2m oA E BE

140 20188 AIBIYITE DA
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21N 2748 # E3HEN ME =50 25 M| UA HE - HEEEXSEYE)

H O
=T

73 =ENYY N2AS (%) =ENYY NYE (%)

(m)

0.9 1.5 2.0 2.4 3.1 0.9 1.5 2.0 2.4 3.1

0.5 46,3x54 61,2440 71.2£2.6 70,7£4.7 38.8x5.5 2.6x41 11.7£34 249+53 21.8154 14,9x89
1.0 81xb51 525%34 63.5+33 65.7£30 25,160 0,0+0,0 31£39 3.8x£27 36148 00=0.0
1.5 00x00 257+49 357£78 31.8£4.2 18069 0000 23%£31 1.9£31 25x27 00=0.0

2.0 0000 1717 51x£57 48+45 29+39 0.0x00 00x0.0 07x14 09+17 0.0=00

* SART] g 2 MPa, W 74w 9YF

o} T BAVINA ERA Wl Bas HEjgol TLL, A7) AoE 0% ol
A 0.5mof| A =ZA7 1.5m~2 4mmo|¢lal, E5AE 1.0m oA oA =EF 4 2 0mm~2 4mm
|8l

%
o, Bol B FAV|NA HEAZI} Holdes HEso] TasdL, AYBES Ry
0.5mol A 2 24.9%0] %tk BEAZ 1m ol FelAE BE =ZAAN AIE

A i,

H 12, 2778 ¥ LEXA0 GE 250 2= MEA HAL M  HPEFBZHEI)
o LEXF (mm)

—T

e ZF LEX4E MIE (%) Qe LEXHYE HAE (%)
(m)

0.9 1.5 2.0 2.4 3.1 0.9 1.5 2.0 2.4 3.1

0.5 289%39 65,56x5.2 739£9.4 725+54 533+3.6 75109 11606 153x09 14015 6.1£5.2
1.0 12,5x85 55.414.4 67,5239 70,636 30.7x7.8 0.0x0.0 41£05 68+07 64=x0.6 0.0=00
1.5 1.6%+22 68159 41.8£64 38555 280=x5,5 0.0x0,0 1.3£24 51+06 55=x0.6 0.0=00
2.0 00x00 00200 212x67 19,8198 224298 0.0z00 00x00 31x06 23x25 00=x0.0

* FeRTy] A aMPa, BT ZIATS] U

o} Tie WRTA ASANN EFAE B Al go] Fhshrh HeE 60% ol
BEAE 0. 5mold =EH7 15m~2, 4mmol 91T, HEAL 1.0m =ZF7 2,0mm~2, 4mmo] Siek

sgol i ARl BEA Holdas AYBE dasidrt AABE E5AY 0 5mol A
15.3% oJ3} ©]9lT, HEA 1m ool BE =E2Aq HAS 6.8% o5tz EAET
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o 9EY 2R AAg) dF HeA

wEe AEA B AAge aQAR(EEREY] S, BAE, BA, w51%) 2u
FURET] e oMPa oleld HEgo] S4dgm, RAALE AHesE asldy,
BAPRE Aux) el ouala Aol 55

O
by A AEAES Y } 64-4 TAA TR § 5EE0 R TEEA Bov), 871, $4VI,
7]

7] 2MPac A A8k A F]

han Be)
S AAlBKTE ® & 4 AR 918l Atthe], LAaAE o]&-
st} mgHo= 2slqrt
2 13, =50t 238 Zx LSHAE et 4
250t ZF 43 (2.9)
23 2ot 7| 257 47 WA o7 7|
(01) (57) (59) (61) (66)
EET 3.30 410 418 421 493
BHA} 3.98 4.09 417 4.20 4.92
Lol =7 3.28 4,09 4.17 4,20 4.92
fHz= 3.30 4,09 4.17 4.20 4.92
AZEEYE 3.31 412 4.20 4,92 494

[‘_L,

Bgot B3 Wollt: 39 289~39 3197, B 49 9U~12Y, B4

i 7 49 178~20,
A= 449 209~2297, W7 49 229~2497 ©]Sith

® 14 2300 MSEAY AU 42 2o
) o8 (%)

T £ Z47] BN e
o} &k 63.7+30.4 7491261 64.2+23.7 74.7+£19.7
BEA) 66.3+16.5 58.8+23.1 40.4+£18.0 57.5+x21.1
Lol 48.1+92.1 48.5+18.9 39.8+21.5 A1.9419.9
== 71.8+£20.2 74.5+17.8 68.5+13.8 70.3+15.6
H2Ee 64.5+20.0 5541210 48.5+£15.7 51 5221

* SRR e AMPa, wZXF 24mm, BAIE m, BAE 9

2 Sl B A= T 3918 B50) Ueld ke 39.8~749%2 LEhdr,
ZHg2 W) tfu] B3| ~5A417] = Aolrt gldlony, ) ofv] i3k Al Habe 1.8~17.1%
Pashs Aoz Uei
¥ 15, AEA7|0 M2 Yz &4E

g d% 248 %)
T EEY] ERH] EH ]
o] 9.7+14.5 5.3+9.2 6.0+15.3 —
ZHA} 46+10.1 10.8+15.0 12.3+18.0 —
JLof7l=7) 44+13.3 8.3+14.5 12.9+21.3 —
== 6.0+9.4 5.8+15.1 7.9+12.3 o
Herdle 7.2+15.9 82+15.5 9.5+15.1 -
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AL

=

o)

u% 6.0~9.7%, FFAF 4.6~12.3%,

4,4~12,9% ©I9irk, Bt e Y

< an
m m 8Z/8 8z/8
W < = £1/8 €1/8
) & " 5
. S w 6z/t | __ 6/t | =
n g _|=| ¥ "E =
i L& S als i br/eel | = v1/L ol
. S X Y " < | yr = A
N s MK Hr 6z/9 Kl | o5 6z/9 K ™
W S |7 ow i u
o . w | 7 pr/o | UH pr/e |H .
oW 3 & |oF | mw _mm Wy o
d | Ho 0gfs | K og/s (Ko KO
s = &l <0
0 ) s1/s )
ﬁ n T T T T T mH\m E._ﬁ
A wn o o o o o =)
(=] (=] m ® 0 =+ « o ™~
(ww) &4 e
BT
gl
Kio
Hio
e (2]
2 & 82/8 82/8 S
~ - L
= i <o
5 = < £1/8 €1/8 r
) & w0 N .
-4 & Gl 62/ | __ 6/t 1w I
w = w m Bl =) v1/L ol m /L3l = ma
i = ' S = 3 v/L 3
. 3= | A <o SIESL
S Wy N A O 62/9 K | 7 6z/o 4 | ™
- | W - - H
bl o - T e pr/o | LH vI/9 |
E ~ [0 o % _A_.O
" = e | g LA
* X _ 9 o Ogfs | K 0g/s | Kio
n \ ] / & Hn__Ann_
g . ™ g s1/s §1/s
B89 8 ° 8 8 8 R ° °
(o) i (ww) Tz

Lolpt27] 4.4~12.9%, NHZEE 5.8~7 9%, HZEE 7.9~9 5% o]t}

e
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R 5 5EFY WEE HBA B o8 AR WA ] ] H3, FEe) o
Z I8

ol whet

#2016, 0|8 £52 MI[WH ¢ MA7|0 OE fdEN
= bz Ct Al A /=
HRER  Esdsed L(LZ); (Kg/%%mm) (?Bi) (J/E) “H) N
HEd £ o} 218.0 0.54a 9.8 0.5 177.3
237 215.8 0.51a 9.7 0.6 171.0
EA7 206.2 0.55a 9.6 0.6 175.3
sk 206.4 0.54a 9.9 0.6 178.3
P Afeg = 195.1 0.53a 9.4 0.7 175.0

W5 ZEAL BREAL o] &3 Bgol £+ 9AE FYA 5L Hop], £37], F47,
A8k A2 o] wheba 218.0g, 215.8g, 206.2g, 206.4go 2 AHFA¢o] W2 wEHS
A vtgo] $7bske Aoz yehgty, wRAN] gib] 250 88 A 35S 11.1g~22.9¢
A 5.6%~11.7% F7}sHTt

717, 'SEA 239 Hajdd o XMEAJ|o mE HHEY

x 2| up AH%‘E s 4= '%‘)JE ﬁZE Sgni Say S
S (g) (kg/@5mm) (°Bx) (%) (71)
0% =74 Ho}7] 280.8 0.56 11.8 0.52 216.3
257 287.5 0.51 11,7 0.57 201.7
3417 264.5 0.53 11.9 0.51 200.7
A8l 2491 0.58 1.1 203.7
P Afef = 289.5 0.51 11,7 0.56 209.0
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s AEAL 2R B A=A Wo), BE), FAY), M A IES 280 8g, 2875,
265.5¢, 249,102 A=Alo] WE4E B wthgo] FASH: Ao Ushirh 95
o

HEAL o] gslo] A A e BAu] 7.1%~23.0% Z74SHE ALE Yehu,

# 18, ‘ti20tt=7| 259 MW o M Ao ©E HAUEY

= =
X 2w AH§_§7:|| Té% 4= 'E;JE ’.‘_ZE RIS
M g) (kg/@5mm) (°Bx) (%) (71)
WEY Hey o)) 984.3 0.51 12.3 0.52 216.3
k-4 968.9 0.51 11,7 0.57 9201.7
EA7) 9455 0.53 11.9 0.57 9200.7
Asi) 241.5 0.58 111 0.58 203.7
e Ay - 214.9 0.51 11.7 0.56 909.0

In
&
2
o
2

Yool o) UEE BEA T A=A Wobr|, BV, FAY, HSAE T 284 3,
268.9g, 245.5g, 2415g0 8 AzYo] WESE W4l vggo] EASHE Aol W5
ERAL ol gste] A WS BYu] 23.3g~69.4g S7FSH= AL e,

# 19, MEE EFO ME/HH ¥ HIAJ|of mE FMEHM

X 2|1 Z= Bt 4 2 ME /2

M HA (9) (kg/@5mm) (°Bx) (%) (71)

NEE =51 Zo}7| 498.4 0.57 10.1 0.43 19,7

227 420.0 0.55 9.2 0.44 216.0

34171 406.8 0.53 11,7 0.43 215.0

7z 393.2 0.53 9.6 0.44 215.3

Al — 374.4 0.58 0.99 0.49 216.4

wEy BEg S WA Wopr), HE), A, S AlY TS 428 4g, 420,0g, 406.5g,
503,202 A=|Aelo] WESE 1] Hgjgo] Frlels Aeros WM 5.0%~14.4% FIHSIE

H 20, MEEWMT’ EZ9 MUy d M0 G2 MEY
= bz Ct At LA /=
mawy re sl O G e @
N5E =5 2o} 439.5 0.32 10.2 0.46 231.3
237 399.5 0.35 10.2 0.43 295.3
A7) 388.2 0.32 12.0 0.45 229.7
75} 366.2 0.34 10.3 0.43 293.3
P Afef - 358.6 0.36 9.8 0.48 224.0
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A ] Woly], BE), FAY), ASAY EE 439.5g, 399.5¢, 388,2g, 36,2508 A2
Apqlo] wHESE TH ulghge] $7bH: Agoldtt UEH AL ol&stel A A HEL
T ] 2.19%~22. 5% $7H5He A0 et

LG VU Yo uy
YV VY LVvsV e
CTT L LA 48
uuu&v"“"“‘

m - -
dlﬂml MAMH ™

SOM NN oW
i D F

g WEY 2 Aade Agasy % A By
H 2l USH 2270 HYSSY 24
= i se 2] SEER tha Ee] o534 Bz
= (m) () oI55+ (%)
WE5y 25 1.6 8.0 1243.3 85.9
) A2t} 0.6 1.1 8841.9 —
* g o) 0.6, A FAA: 1

_ 146 2018HE AEATETA



“ §
" -

oW o WO
%. .;nlov*u o __ || = o~ | il of X =
= . N R0 o
£ 3z e S 4y "
g =i 0 < ‘m. OM T 4 M/W
. o (g s
| (0! S T ey _ R Zl
_ A TSl o O
<k pHIE = 3 =~ o
I . ' ! . A el B S of = I oo
1 ' 1 = tHo oK fye = Mo 2 © 5
[ €y - Mo J
- pe o -
o __ _ mo m,],%
< IHE(g g © g I T
1) Lk Eglls 2 % o [
L CR =® R X M
| = = o of <+ o = B
b — X ~T ,;lo_.ﬂ ;o o0 <
<r ™ X H;l 7 re] wr
| ! ! KO TS m - ) b K
ot =] =~ R g TEle o 3 oy B e
= z g IRl|¥ 8 < o © &
# <r < Y o- R o~ ol ™
IH — g K0 X o N =
I o - o o O ¥ B a7 o
! L 3T . o)) Tl & 2 TRl # = -
PPy ox THE|S S S o o T Sk~
L #71 D MR R R m,ﬂ of e <<
_ g g o ol o XA e
_Aﬁ ‘mﬂ Xﬂ ﬁo m ;O .U.AI K
B M ﬁ 3 ~ o m W
~ . © W_u B0 © oo o il o =3
. xr OL ~— o MH_ o \OIE
) GV g ) 1h | Mo X = I -
o < _ i~ < g
s ,DI N % m
IH — o | _ s o Ik S =
T B @ |d~ ) N
o7 Woen o g l|emal|e = © X i o N mw(
TR~ - = do P & < | K
, wr N < i R Ho
- K o 31 o 5 2 H
i 71 7] B o ol o oy " B o
[} + [} ‘ _._._O ~ HUIﬁ Ot _Alﬂ ol o[ v o 2. l_ﬁlL w .M ~_|ﬁ_AIL q M..AI
1 1 & N U3 mlol- ¢l E 2w IE @
L . DT A,t N2 &l | rC T A © &I
[ T I ® T E o= o B ® il
Tod - —_— ok o — o =i
0 o A - o o E B °F m o) o =
Moot R o wﬁ ot X Wem m T o
s 7N Al RO TR o
® o H S SN H

147

83.9
78.5
off 11 2

)

12l
=

2. B

64

297.6

48
A JA| 7S 297 6 A1 ko] YT,

=

[e]

37.2

A
3} Al 1ha

3l




(A 3) WEY ARA BRA A2 £2HA ASS 9 HY B

o
o
4>
w2

X

K A5 AR AL 2 RS HE A AR
A, BHERY Y Tem HASIEe e AQEC] BAF FAY X

I
1% 189 WERdA Ad; Frk EAF %7—4%*011 T RE BAA RS AR wE G2 ulH]s
Ak ATgtol wEhA thar ZolE Kol vhd Fof EAF S| Bigle £ dEol word
w5 FEeH Sk Ae® yEisth gl o2 3MPacA Fa EARAZISL 0.5me} FH]
HAAE Y 2.0m A BARSAFE ZH2F 0.43~0.48kg T 0.40~0.45kg Alo]2, ZARAZ9
T Aol7h A] hgte. vRIVHIAR, FEEY] Y2 WEd S nE S48 IMPagt
21\/IPa°ﬂ/ﬂh ==y 3/\@\—’?7} 93] A of E‘M%k% l‘L‘S’&X]UJ, 3MPa°ﬂHL‘ 25 2AREITE 53 )

£311MPa W 2MPa 8 3MPa

A B 11MPa W 2MPa B 3MPa
0.6 0.6
I} 0.5 » 05
v Y
g 04 E 04
§ o3 ¥ o3
g g
g o2 & o2
=3 B
8 o1 L 01
0.0 00
05 10 15 10 15
Spay distance (m) Spay distance (m)
c C11MPa W 2MPa & 3MPa D 1 1MPa B 2MPa K8 3MPa
0.6 0.6
E—, 05 30‘5
. s
g 0.4 50.4
'g 0.3 Eos
g o2 $02
1S &
8 o1 £ o1
0.0 . . . 0.0 . .
10 15 1.0 15
Spray distance (m) Spray distance (m)
. = = = = = . = = = = 5
A HEY TMEA 2070 5% 33 B WS NEA 2270 &Y 53,
. = = = S 5 . = = = S 5
C:MEy MEA 2270 2% 73, D WEH NLA 22U A% 03
=~ C]| = S| A = 0 & = H O =
0% 18, 2Y 2AR40 012 WSH H2A 2270 57

W5y HEAl Bede] B Fo] waE ey 2 274 Mol IMPacA] 0,130, 18ke,
oMPacA] 0.34~0.38kg, MPaclAl 0.40~0,48kg 2% ZAPEo], HEAdo] grelo] w2 o]z}
2 Ao Ethad 19). 0.4kg ole] ZAYE Sule] AAE oS Buad A9e
OF/|SHL, 0.2kg ol3te] ke FAue A=g Xﬂ 312 of7|a FHsol Q) TR, BAF SATS
NEos 8w oMPadl Q1Y WA $88 A3 AHE 2 5 e Ao weEY,
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(11MPa B 2MPa & 3MPa
1.0
o.8
5
=
& 0.6
g
=
g 72
2 0.4 -
= _
s _
< =
o.z Z
0.0 e .
3 5 7 o
Number of water spray per second

1Y 19, WEH HEA 227 HAA HER9 3 £F

flo
ikt
i
O
-3
(W)
e
o

ob¥ 2MPall ¢tElo R zv} 33 53], 73] 183l 93] HE A ¥kakg9] 3
0.58kg, 0.37kg T+ 0.42kg@ A %% 739} 93] HLLA] Hizlg.0] dlo] 7] Zo]
WeHLE 19), o= FUS 2AoA HEAF A A”A Yelb= 0,76kg HUbe
(Data unpublished), W%d ZFBAA 24 BASISLE 29 73] B2 932
A5 AdAe N2 E FAAZE B oplet AT A8 - A3 gate dol |

71N 4 g9k

— — — — W — S—

SUEL Y,
awmy

WS MEA ZRAGN B 2A HEE

|
o
no
o

o

2 HEA B e waka BASAGE whakge] Po] "ekd 4 Yk ol
e BEE BAE P45 Adel HegtozA M )
O] E‘H%‘ '72”7]7]' 7E101X]7ﬂ E—]% gl > t2 7]’ E_]lc_—‘-tﬂ o} ELH tqu- 2R %9/] ;g%]:gi 7]_;&?—5]_:1_,_

{E: 9ol 1] A

EFIH FA(E= S mem— A o YT A, DF mo] AXA HA o]

v=HAH =94 E

HlHojA EFoldA = F7lsla, W80 2 Lo 3= ZAL AR A He A& 21 4 ok
nEtA R 5] ZheAle 59 ol EokA HW EAF £ w7t FUISFEA ]
SohA 7] ohiel, Herlel BAIAE O A9 1A 348 Mg Yo oA Aol

Y = e AeE waE i

>
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= ES

=Y 35’ 5o} 7| 257 ZM7| Y
3 0.0+£0.0 21.7+1.7 35.3+1.8 53.4+1.9
5 0.0£0.0 33.1+1.1 42.5+3.8 57.7+3.6
7 1.0+0.3 60.9+2.4 65.7+4 .4 78.4+3.1
9 1.4+0.4 62.2+3.2 73.3+3.2 81.1+2.3

"Power pressure and distance of spray used for this experiment are 2MPa and 1m, respectively.

o ol A ¢HE aMPa, BAAY 1mo| HE 2704 HESSE o
B 7R Aol AR Bl W8A77 Aol A7)
GBS FHESE Boll ACE 2AMEIY LEY Heote] AL $
& o) 47 AsEe] metd thEAw dvbdes i s0%olAlA 2 80%o]
H|T ItHCosta & Vizzottol, 2000). 60%9) A& A48T F dudae] 7
Sl Ut BgolA M8 5 gl S]] Wi BAH SAARE A 1)
o= 80% S:2olA] ML olSoixiz Ao] olHoltt, o]F 7EoR B ) woy|o] mukel
oAo] Mg BAIS] ATgle] 10% olste] Busiel A= mukE 7gs) ofee
PerE e, 137), FA]) 2T S| eAelAE BASET 29 88 wE s8=
A8 Wi Hshgol 60%olshE Ueht Asitgle] mgo] WolXi Ao wehHgT
BASG 29 78 ol4om xAE Aot BE7] RE AN £eH A5
zgjo] A5, 53] EAVISL Asl)e] He AAS 4T A9 65.7~8L1% Alolo] Hlg=
wo A8AL AT 5 AATHE 25). olQlolx ATFANE AEo] 13% oom Eold
A 27 @ S o] mE We PO Aol oldake e % Y] whEd] olo] dig
LS A Aol el ABE 5.0~7.5% WU Uit mEE 2R
BEAS Ag 3 A9 Aol BEHoR ol8d 2 9liz TisAe] F ACE wehEYThE 25).

tlo ot
£h?
-
r\l
>,
[
o,

o o

s
H
2
it
o
flo
o,
off

I Y~ A =1
s B
[

_O‘_ll‘
L)
e
N
>

fHood L

wojo fr Ho
= SR

B Y

of
i,
A

|

o2

WES XA ECf =0l Xz HE (%)
ez 4rof7)| 257 Z M7 71 8t7]
3 0.0x0.0 0.0£0.0 2.2+18 4.8+0.6
5 0.0£0.0 2.1x0.5 2.4%£3.8 5.1£0.9
7 0.0£0.0 1.7+£0.5 5.0+4.4 6.3t1.4
9 0.0£0.0 3.1+0.9 6.1+3.2 7.5+1.4

"Power pressure and distance of spray used for this experiment are 2MPa and 1m, respectively.
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4, X Q

(IR IA: =0t = Hat7ls HE )
ANE D) & A2A A" A

7%,

it

o,

],

o,

B ARAR A2EE SRS FURTI) AR AT HRA BEAS FHT Fe|2A
HEAF o] 9431, utnae] Holh S5mEg SIS
A HEAR A2E 20 GF AAE HES] S8 FURTY] Y, B, wE
H7go] ME BAFAFIY BAYFEE mESG0n, Bpol AU B A= - Hs
Aol A5e AFH) 9 KANFS SAHAE

o

BHREI]Y otelo] w2 Fg - F54go] 60% olto] Hi A7l ¢ho] IMPagl A5
Aol M, 2MPast 3MPag] I~ B 93 N A GBS 2MPacl A
0~8.4%0|l o 3MPaol|A] 12.1~93.4%= el )} ZEAL B2 ARR A] AA FEELY
oFel e oMPa® WEHE| QS

TEETY) o] 1~3MPa o EAF FAFE =EBAF 2.4~2 TmmollA HgkE 7=
Aoz Uesten, AR e FEHEFY] gYol 1MPa‘ﬂ 8¢ 2AE 1L0m B =E
A7 1.7mm oA, FEEEY] o] 2~3MPagl 4 HAME 1.0m ¥ =ZZ7% 1.5mm
o[l d=T ALE YEhd

B

7). A7), A7) mEOIA oF 70% ol4te] Al AsiaTt 10% olsie] HIBE AR L

et
[s] h
HA o) AYRAE HEPFE gaolglon], FYRET] e oMPa, FAAY 1.0m U
=
=,

ZYRIy) ol 2748 IMPaojAs 0.14~0.2kg, 2MPa oAs 0.2~0 3kg, 3MPa
BeRL) o gelo] FA5E FAUE F7sHe Ao ehy

EEARL 2. 4amm7t A= Aol Eolud FEYE ST eY =547 3. lmmoA =
ZA%o] A Aok FHE e

W5 HEAF BEREY ARATE FA7)0lL mEAAE 2.2mm, EAFAHEE Im lo]1,
FEHEFTY Y2 2MPac| A AREE Al EiE AL 60% o, Yl S TR
o2 24315

E3E, A9 ERd A 3 2agd 50 uebd 2akg 39.8~74,9%F UE
won el ] By ~Z 7= 2fo|7) glont AshA] RS 1.8~17.1% LAdl=
Ao 2 vehd

AN 7|7F wESE A vd&o] SUkle AFS Heon HEEWE' 5 574K]9
34 AYEF BRNA daatske] St es
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(A 3) BEY ABA R A2a"e] 58 ALS AT HY 2R 35 AF

7. BE/IRE AR BRde] BANSE 29 38 Tl 532 A44SR A 4880l
60% olst2 Lieht Hskaglo] mgo] WolXi Ao wg

U, BASGT 29 78 olom xad A9 HEVNE ASIA K849 A5l s

she) FA719k Asllo] He AL SAY AP 65.7~61199) B AALE RIS
of e WEY BRA A2Ee HH Ha 202

Ael, BASIG] BE BASAS SR Av FUREY] En B ompask ime

AT BABIEE 78] oo MY ) HHo HAFATES 1Y

=
5. 2lg®
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