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Development of an Ultrasonicated Spray
System for Agricultural Liquid Atomization
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SUMMARY

I. Title

Development of Ultrasonicated Spray System for Agricultural Liquid Atomization

II. Purpose and Necessity

Pest control in crop production is very important in that it is directly affects the
quality and productivity of agricultural products. Especially, in the case of
protected horticulture, the high temperature and the high humidity of the closed
space form good conditions for reproduction of various harmful insects, so, the
effective pest control is much more important. For effective pest control, it should
be possible to use various kinds of agricultural chemicals and to maximize the
effect of pest control though the applied quantity of agriculture chemicals is smali
by uniform deposition of chemical fog on the lower side of leaves and on the
leaves deep into the dense crops, consequently, to decrease the applied amount of
chemicals and to protect the soil and water from pollution.

To free farmers form heavy labor and danger of pest control, the automation of
pest control is desirable. Recently, because the protected horticulture is enlarged,
the corresponding efficient pest control is essential, so the high-efficient spray
nozzle should be developed in advance.

In this study, ultrasonic technology was applied to the agricultural liquid system.
The efficiency of common agricultural spraying machine is not high because of
low atomization of chemicals. Consequently, in this study, it was tried to increase
the efficiency of pest control or cooling of greenhouse by developing

high-efficiency ultrasonicated spray atomization system through various
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experiments concerning cavitation, design of high-efficient horn and optimum
twin-fluid nozzle, and resonance harmony of liquid and vibrator.

The applying of wettable powder using cold-fog machine is extremely limited
because liquid is fed by syphon effect of twin-fluid nozzle, so, it is quite
necessary to overcome the limitation of conventional cold-fog nozzle by use of the

effect of mixing and cracking of wettable powder induced from ultrasonic energy.

II. Scope and Content

1. Development of ultrasonic attachment for twin—fluid nozzle of cold-fog machine

- Design of ultrasonic twin-fluid nozzle for uniform spray droplets

- Design of ultrasonic twin—fluid nozzle protecting the nozzle from plugging by
cracking wettable powder

- Analysis of ultrasonic effect on the chemical structure change of agricultural

chemicals

- Spray droplet measurement using Malvern system

2. Application of ultrasonic attachment for twin-fluid nozzle of cold-fog machine to

the greenhouse

- Measurement of spray droplet deposit density using photoelectric
spectrophotmeter

- Measurement of droplet size and distribution inside the greenhouse using
drop-collecting techniques

- Application of the prototype machine to the greenhouse

- Economic analysis

3. Development of ultrasonicated spray system for agricultural liquid atomization
- Design of ultrasonic attachment for agricultural spray nozzle
- Ultrasonicated spray test of twin-fluid nozzle using PDPA and PIV

— Design of optimum horn for ultrasonicated spray system
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4. Analysis of spray mechanism of ultrasonicated spray system
- Analysis of spray characteristics and flow field
- Measurement of spray-phase droplet cluster using high-speed camera

- Measurement of spray droplet using PDPA

IV. Results and Recommendations

1. Decrease of droplet size and increase of uniformity

- Effect of ultrasonication on the decrease of droplet size was different depending
on the spray mode, and maximum of 11.2% decrease was observed when
ultrasonicated compared to the conventional ones.

- Uniformity of droplet sizes from No.2 designed nozzle increased

2. Increase of spray drop deposit in the greenhouse

— Total deposit quantity of spray droplets on the measuring points in the
greenhouse measured using photoelectric spectrophotometer was higher when
ultrasonicated than the conventional ones.

- The spray droplets spread more uniformly on the whole ground of the
greenhouse when ultrasonicated, yielding standard deviations of 0.0044 m¢ and
0.0065 mé, respectively, when ultrasonicated and conventional.

- The deposit quantity on the spot just in front of and nearest to the

fog-machine was much more lower when ultrasonicated.

3. Increase of spray droplet uniformity

The higher deposit efficiency and the more uniform droplet distribution were
observed on the whole measured region except the spot just in front of the

fog-machine, showing smaller droplet sizes and smaller standard deviations.



4. Economic Analysis

- When ultrasonicated, it is profitable because pest control effect is increased
owing to the decrease of droplet size and the increase of uniformity, and the
range of chemicals choice is widened owing to the useability of wettable
powder, while on the other, electric consumption is higher by 10.8% and it is
disadvantageous in the durability.

- The production cost of the ultrasonicated cold-fog machine could be higher by
309% or same according to the construction of the fog-machine compared to the

cost of conventional ones.

5. Chemical structure change of agricultural chemicals and effect of cracking

wettable powder.

Under the experimental conditions of the 28 ik ultrasonication of agricultural
chemicals less than 30 seconds, the chemical structure change of the chemicals
was quite negligible, and the cracking effect on wettable powder was strong,
so, the range of chemicals choice could be widened by a large margin, which
fundamentally settled the nozzle plugging problem which has been severe

bottleneck in the farm.

6. Patent applied for |
One Patent(Fog System With Ultrasonic For Indoor Cooling And Controlling
Pests : 10-2002-0088271) and one utility model{(Twin-Fluid Nozzle With
Ultrasonic Horn : 20*2002-0039258) were applied to the Patent Office.
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Fig. 1. A cold-fog machine(Taein tech. Co.)
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Fig. 3. A cold fog—machine(Shinan precision Co.)
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Fig. 4. Spary nozzle and axial fan(Shinan precision Co.)
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Fig. 5. The Jinju nursery greenhouse.
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Table 1. Price of cold-fog machines in Korea

Max. financial

Capacity ) aid(won)
Company Type Model Price
{£/h) General Joint
farm utilization
Korea cold,
8 KMSS-2T | 4,200,000 | 2,870,000 | 3,690,000
Precision rotating
Dong Ho 3 cold, fixed| NTF-5 3,050,000 | 2,440,000 | 2,740,000
Mechatronics 7 cold, fixed| NTF-10 4,970,000 | 3,150,000 | 4,050,000
. 6 cold, fixed] MNA-2 3,200,000 | 2,560,000 | 2,880,000
Shin-an
cold,
Precision 6 MNA-2T | 4,100,000 | 2,870,000 | 3,690,000
rotating
Yoo Chang 7 cold, fixed| YCH-405 | 4,500,000 | 3,150,000 | 4,050,000
Joong Ang 7 cold, fixed; JAS-701 4,600,000 | 3,150,000 | 4,050,000
cold,
12 TCS-7005 | 1,650,000 | 1,320,000 | 1,480,000
rotating
cold,
Paru 20 TSS-ULV | 5,000,000 | 4,000,000 | 4,500,000
centrifugal
cold,
20 TSS-215E | 7,500,000 | 4,200,600 | 5,400,000
centrifugal
Kyung Chang
30 cold, fixed KCM-S3000f 3,200,000 | 2,560,000 | 2,880,000
Machinery
Dong Sung
] 6 cold, fixed| DS-200-60 | 2,200,000 | 1,760,000 | 1,980,000
Precision
Joong Ang
20 cold, fixedl TF-200 1,650,000 | 1,320,000 | 1,480,000
Tech. Ind.
Dong Yang 12 cold, fixed| DYCH]J-02 | 1,050,000 840,000 940,000

(Data : Korea Agricultural Machinery Industry Cooperative, 2002)
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M,=— 62 { 182 d,;+ [Vcos:9 T 18x d p] e
~18ug 2
o wd 3y, (((rp—7ra)  (rs—7a) 2] aete }
E.= 62 { 13z d i+ [Vcosﬁ 182 d ﬁ] e



A7, d, 0 AR AA, v, v, A} B vF, Vi =2 golM 27

EE, g THNSEE, u o AAAS, ¢ Aotk

ER(1963)E FREXEMEREARE) &9 =24 AF Izt ds 49
[T FUHAE R =Fo] 23 dAL cone type nozzled] Ml I m, TEA )
wE Aol Wsx: IA vEgth AFAAIE A ER RAZHo] Folx WA
2= FrtET T G

Himel 5(1969)2 & Aol S FHYZAL 20 mm Ax, FEE ] IAZE= 5
0~100 m A=tz st}

Smith 5(1975)2 Eaajvfx|cllq 2 AslE vpbu] B=A] 100~300 m 279 &
TR st AEAE AP A3 FAClE 100~140 m BFIAA7] @)
Ak Ajak A E YA E 277 YR ooz A g B BER BEss 2R
JAFe] =7 140~200 m7t AREicty R mstzm ok

HE(1975)2 #HE3] HAdd doir 50~100 mm o9 J74L WA ass Astd
oo 3 F T

Owens 5(1978)& W E 3T Alel UoiA Haeol FFoz Hue WAAAE do
BA AHA S AAE = Ue g9 HHAYAFL 15~25 metn s

HE 5(1983)2 AEddE Agdxrie] Y 2 JAEE A0 THHe
setol= 22 X3P Yol Agstn 7Y ERF oW, WEaA A lelM I
a9 dFog e FAETAE oW AHA 2P WAY £ Ye G F
P42 3~10 m, 20 ;m BE, 15~25 im, 50 m °)3 5 o A= FZsm Q)
o ol o= Aol bt HPFFA FAXE o}, 50~100 m o] YAL Al
7t AstEe A2 Bugy ok, 249 FEYAL 10 m A= M &
33tta Hasko).

=z

rir

Reichard(1986) m&= &gl ols) ARl YA/t A5 wel AL B2
|k dsHoz 9T YA BAS U TFA FATASAA FHL PR
5o dud FEAA AINAG 97, £E, As}, FEE W A& o
AXe} o)Fe ThE Wel A& AolAT oAAAY A5, YA ARA HE AL

X8
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Eole WoA e EUANYA Fol fAL4ERTE o3t AT

Edward(1987)= A7|& T84 @& A& AAFEEAY o227 AFe &4,
B7HE o3 Fxdee] vz, o g FRAEI) g3 gAY S Fle A
o, ARAAFAM AN E FEAAN o (AZTHEE)>2X107° sec/m, A EFl
A 6 >10"7 sec/me] A71H AHFo] wptH st ATt

Lefebvre(1989)= F WA =Eo] dA8 A4S F¥Eo2 FASta FHgHo] A
H G2t oA stE L HaEkd o

o] F9-(1993)= 20 mm ©)Fe] dde AV B WL wH¥e Jzg FAEAE
de F Qe Fgg. v PFTe TFL 10~50 m, FHE ¥ =FL 30~50 m,
g 4L 40~100 m, ¥AHE HsoF @ Az A= 250~500 mm PAE7) ESOE A
At dqd. EF7)E 150~440 mm, 2E7]E 30~100 m, 7% - AFAF I E
40~140 m, 4F21E 05~50 mE N7 AFslvia B

ABT(9)E ol FA &7 $FTAEL o] &3 Mo Ae EFHA PN &
F71e oF ojFIL nide FAHEALAS doA uiYS NEGT FAL, 1FHY

$E7 BE R(FYF2)RG =¥ B(LASW)Y RAYES Anoz ggou

0990144l FHARFE Foham, 2737 2RYFe YA Aog 7HT + 4

CEE LTS |

HR(1953)e] 8| AT BARES $Y =2¢ Agdel 3Y gagHoz =
BY AFNE 717 Aele] & TECI SATh E¥ BAFL 4 FFRA
Fel AzhH W] o Y Tevn Ak

Reichard £(1977)& A 7bA] 289 71w B9 079 ms 3.96 mnAle] 9
147] eFx A BAHE RFe BRYAAZLS PMS YASHIE 27

stk 7 23 79 A FFL A9 $F A9 2RYARG] S
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AN

RE $(1989)2 & dud F2 FARTES HAsty F2AF7IE2 AFT F,

AT nAGE At FRLFL VAT LS Ak FAske Bl ]

DAZE oA, B BY¥I AAY e 2xst AUSEE 7|Fo2 BEAMES Ad ¢
2 e AEXzxd uel HEe]l AW, 10 m oY dx e A4
AUHEFEESE Aol AABAN o 9k JXAEEAHL AlM

20 m/s2, 2Ee] U AAHA AL NG FNEEE 1
Aom, F/NEE7 15 m/sY W BEQ !
F A3, 20 m/sol A F=8]3F% xtolgt

2 A 2x e 24

AEZFY 2R EF AN Mg mgojer & FRolt BE AXF
& 3~6 £/10a Axolx, A FuUelA Be] BF, AALHE AF7 A$ 5 £/h
ol

BH 01978)2 w4 43S 99 WAHT FIEFoR Hoste oFUAE:=
500 ¢/ha °]%, TLZFHEE 100~500 £/ha ], 2FHEE 30~100L/ha, HEF
AXE 6~30 L/ha, WIFLEE 6 ¢/haclstR FASI, Foe T AEA A7}
3 UigA BAEART AstHolM wokel AXIge ol BolXa EdH £
g d<le] Ivx U BF AR FoA L, BiEd £44 4771
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QF-719] ALEokefo] 3~6 £/10a2X 433 HA £l

o 2EIA £ FH 2o 2y
NE 501983 A4l B3R ANN 2FUEG o) ST el U
A€ 10~20 m o)ts] Aol PRI vrdEe FGA Frle) gTeEs I
A o) BAl £, FASE Y& HAD o, 2H driftdgo] LA
gtha sgoh ALddel A, A8 AomE drift@AS FYAY) FHE

A AT, S E BEAY do e E¥¥oE A & U2, YA Y

= FTEES 34 AgdY. vadHe mdAge Aibe] rbeaAIR, Fofe] o
AEZAME dFdY FFHG v=o met 1 EYo] T2, thFFojdA YA Fd
3R] e HAATTAE oJlEHoz FHHEY & U o] ¥tz stk

Salyani(1988)= #EHF Qo F&o] Hdrt 2 v YAHAVE F87] Astd F
T AFAALEATNE ol &3 HdPstdo T ZF dA=717F 240~340 md
FZo] 71 & AU s

Womac 5(1994)& 3HFHrA|Ale] A X Fol7l vl4te] v Xj= H3FT deflector7t U
< #Ho e W Hell 29 =29 dAs 4L FHIAAG. 2 AFd EAbEelt
46 m, 6.1 m¥ WET 30 m¥ o ¥idte] EH Ao deflector7t 1L WET 3l
S 9 IVNHFEFH =59 FRA E IFE TG NFdAG.

B5(1998)= ALRA7|E AL @ AFE 73, AP=S(TP-800D), B4t
z4d =Z(DG-110015-VS), &% A8 X=Z(TP-8001-EVS), ¥FT8==
o st EFARE &F5FH TS G BE, FAF AFES LIRS Aest
R 71E =Fo]l BF X e ¥id gety EFUF @a3dE FHIHA
E AY PAE =224 EF5ge] ¥stsE A ¥MaA FE o)FAH =& Ao

=



oA R HF Ao 8386%, £F Aelt 7673%2] 2L Holm, 27 B
o 2~3 m2 %% HAsel IHE AFe) Gest ERFE dvtm AT 9
WA BEY F Ao s 2RYY wgo) 5%0l5e] F5E 27 FTREY

AL FFA 20 mmo)dt, FEFA 15 mo)dE FH AL P,

vl EFdAtel 547
Yates 5(1963)2 FFEA7E ol &t FFHAA EFHol HdHAE &
SFA T
Yates 5(1983)2 Al% 166
ojJA AM&®E o) f3te E
2 YEstta s

Salyani $(1988)& &7 %3 %l vl st ddo]l BAdsts AME JHEst.
3

Hy

tlo

27

rO
o
ok
N

1€ =<9 daa7E A48 #Hsto H
Heog AtgHE =59 249 gL 08-1

2
&
i
k)
e
[ T

Franz $(1993)¢ 1xte] R #S4¢ wdg o185 242 + e ¢ndse
Agstdeos 1 @ Azel AR YA & AWA Y + AT FR
NAE F19)S FFHS AnFHe] H=dolE TS BLER UG OGF

AR=7)(25 m)e] A
240 ARESE HAH7] AN B BARAYT BEFo] Hojo am AL
BEAY 2R AT 2D AU (e} 05 mg/anol el BHAMNE A BT
SbAEE 9t ge Aol g wolAe g% B

Ab FEF H S ,

HHE S(1983)2 FAAAE Eddte WP R FZtol= IFH2 LRl FF3
a7 BHAolga Rustch EY AR &3 HIFYEL 10 m A= B &
T3 3 Basdo

L

Dante 5(1991)2 A A3 49 3 A 4 ¥ 7| (electrostatic spinning disc sprayer)<]
FRAEAd B AF3Art. A5 FF9 % 2 499 ML= HFd
€ JHIE SHIFeod, AP oA F& ZdE 3 AFEAE gew 4xs
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A}, tracery Fluorescein-Natrium< ©]£stgon, 4% T dojA AFEALZR
B A% sample> nytE T3 X LAS EIFz, FeEEH L8AXL Sequoia
~Turner Model 450 Digital Fluorometer& o}-&3lof 2 A&}t

Bouse 5(1994)2 AT-502 air tractorell thsir F &AL HA st AEuiE
2Fsle =59 A9 @3 FAE A7t 49L FRYFVNE oo, F
Mo ME & Fee =2, whirl-type hollow cone nozzle®} narrow-angle flat
spray nozzledl wi3l], E3lo] dig AEXFHZEHSE AEAT 2= o] AEAA
0.1% v/v Triton X-1003% FBFLHEE € YA A dxsizion, dxd JAHAE
Z5 5o 34 35tY fluorometerZ A F#45A o,

Deksen (1995)2 Al ardolr] Agsh= F7]olF2] WAIZ]) digix, 2
2] BHREARSL Frie] F&50 B HEE AystAvh 2= A3 A (semi-dwarf
apple)ol thaiA, PlFFIFALE Z2dste HEE HA- 98 TV £33 4372 4
Tam, W &%

g XTE " FLLE obdzine)®t Th(manganese) 22 o] &L FEH I dojnt
A g3, AAGAALANA Ao FEHA FE diade AL 2 A9, o
£-& argon plasma atomic emission spectrometer® ©|-&3le] B4 =i},

Peterson % (1995)2 A At (dwarf fruit tree)oll ois] ejd2] FX7E L34,
A7) FHe AX Wy FYEE T wEA RIFESA] A dHA=E
A9 3l1l spectrophotometerE ol-&3ta] #4351,

Gupta §(1996)& <&o) 23 &AYGste= Fdet A7 sl dxFe] ¥ A
I FAELELE OIS £ oA FAHIAHY X Fe] EXHYLS patternatorE
o] &3ty AP on HIAEA FEAE SpectrophotometerE ©]&3tth FXET

Ao Fog AF{HAL E fluorescent sodium¥} Bacillus thuringensisE& &3 A A
A&t Aok
°]72A(1996)2 F=AE BEHACIY JEEAH #FF dTE FIHEFAT e 9

Aol F9 2
2o NEEHL WRH7] A5t JBEYL FEAR s} JREH AR
=2 243t

a
N
ln
o
olo
T
i
I
o
g
Hd
L
g
o
Y
N
]
o
ofp
rSL'
rE
i
s
e,
N
4z



o4

ho2esh 84 48 A%7le 98 A7

FU2(20000 253 AUAE 71 AH ] uHeto] FF ATo0M A
4S& MAE7] SAste FE ALl SHs

}.
5 A9 186 moll vl& =S &9 210 KW/m 49 155 m=
EEIA A 2eFrA £hgA Y sjgEolth

Ultrasonic generator

Bolted 1ang(evinlran$% \
Nozzle 7/ .
]“ .

z—

SN\
e

—

// Voltage meter

v / / Glass plate

Liquid outlet port H

PO OTEN P -N\“"‘ Liquid inlet porl

Fig. 8. A sonication system for twin-fluid spray nozzle.



2. Az A= T8 3 A3t BA

7t @A H

A delA Auiste AEL =AZE Bor @AW FIrF A Ao a4y
a2 nEE fsrl & Y2 o, 7], FAd AT ARHQA BAE
AeiMe SHENG dez FTE FAE FFog HEE Hol iy FRSHL
wgo) FASMAE 4~5¢Y AR GAE 23 A=y Gptez @y 74 7~10
d FAoR 1~23] FEFch

A

Y. st

Qo] T w3 g g v Es nF sxest BY], EvtE, AT dl, 2=, A,
B, 2, F7A A & FHAdrt vy F2 4, 44F, 2719 BdAM F2
HAFT, A2 HYdTE AYWACE BIEaRr A AFAS dEp H oA
Aelle 7] Sdste H e 2R 23 FFE AT

!

£ 204% Yol WA}T gon A RE FELS A2 1% FL 3
4Z9 99T AU B A9 Aude 9F TAEY EFgHeR o
2 e Wa oA FAEF FRHoR Bk sleo) w1 FS A5 B
4~590] o ol $WTh A A= Ggeol wAKAA}

Gn Besw we Al FTsHE Rel Y aBHeln

F2 A2 3o Qo] ol AN oA A o BN E LAY B9
Aol Bd @7t ASHAA Ao FE7F Fn el 718 Holst Aw @A)

AL gg A LR TFS FA stn viE F sof an W] & 7|2

A2 e o AUSES AU Yo Bwgo] Bx YEI Bsor Ik
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3. 5 AA 29H 442

T AAL AT B2HHL HEI|FAE BH] A, FeFe] A& A&A
U tdAd SHE de dAE EX 3 vk

7h AR A(AGA AN EEF FF

1) & 314 (emulsifiability, emulsibility)

FAE = 7t B FLAIE wdE A BEAste FE A (emulsion) o2 Hi= A
A, 2o FAE 7hete mRbEAE f3e] dolg vdEhiie RHIEH AT
e o q Bl = F3bAgAd e 7 7HRA dAe]l Fasi.

A=

2
N

i
il
£

2) & A A (wetting property)

A2 g oo Agoly dHFe EAL A AN HAE JA. FANNE F3tA
2A A ABEYAT FRAZAY 48 I Ae B9 B 9iAe
2 fAC] vate FoAe FHAHL atkA) A 27) @FC] AL Ade WAAS
7rgste Aol B

3) ¥ 3= (surface tension)
719} At Ade oMo AwAE Adx Fo EuAHoe e Ao 4
E7F &ol3ttt. AHFGH AAITHAE Hugo 2N FHAH o] Folz,

4) =7} angle of contact)
A QA 2] AFREAo] A} FHele Aol UdojM AW} mA|Ho] ojF= ZH(0).
HEZH )L Hed 4 Ede] o AMA= dol& Helle HraA 20
o7F 2 HAMA7] g Fow HMR 7] dvr. Ed AREHAE FHete £
EAEAHS AA & Heo IFAH o] HEA HY 43 e ARFHS AA
Hol 9= ZA €



5) 34 (wettability)
FaA e B3 IS YHERYE A, dX A ZASE d 8¢ FGHoith

6) & 443 (suspensibility)
F3Ad B2 713l ZAT e d(suspensior)ell QA TAYPRZE TUEA
Biete A2 2 AR SE vdeEdie A F3Ae] A 2 B $o &3 E
A dggdo)l ymAo, dukH oz w3tAE FAC vt P o] Bl 7] HE
z

j=]
Aol Bo] 9l A& 3AA (tenacity)

B3 @k o9 2o HEe ABEAHL BAE S RIUTAGNA S35 Fow
A

T

8) % %A (penetrating property)
AEE AV AEAY FAH WA 2vz=e AR HEEESA - ARESHEIA -
AFE3A 2 IFPLETANA T 42A2A ddHoz AFH) BT v

& szt dojur] A9mE Felsior Bk

FAY 715 BARNE YU o) FAE A8 BASE 289E o8 45
FA 713 RARA B Roz, 53, Ar)d g 2% B GFTI)
o 2g3t WAV BAY JHAAN FUST, AFY PR FAA 25
Aol 2&38 7% W Aol 2ZFAA FF UAR AR AsF0, e
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AHhagE Ae & YRS & Ao e AE%FA RAHE BEAY )5
2% AT, 4749 71HEa WS A7) o FFse 28 AEAt &
Z7el ols] 2evE LASE TG 2 LAY A ANHY, Fze) 718
93 ALl H7tAE ARRE AFLAE AAH, AFHR ASelE w7l ol
ot $EAE AW, 7192 AZe F7] FF7 AR, Z3e) Asga

AEot GHL Fol 25GAE YRLEE FAES & Rolth

rir

Fan

e D{:s

¥
Alt compressor
\ T

A)

b
=

Alr ultrasonic transducer  Electro ultrasonic transducer

Fig. 9. The evaporator using ultrasonic.

4 FUe 4% 2% 9A FF 47

2% 100) GBUF SF S2A5 ALN 20-020100659 FhE 25 A4F
AH E AFAE YRS FuUE £F 43 4A FFS AT AT JA
of BE RoemA, BA v EFolsh 2AHNE Pt Yol AFER AA
E52 FA3T ATE suel 2o A, 23 AFAE FEIHY AL
7l slzdol R glow, dx FF suc) NP W oz WAHE

£

™
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Fig. 10. The portable evaporator using ultrasonic.

..41_.



9. E¥ 392 o8 7|
29 1) #1553
BT sl BEW SRR wAsdE
Boz o]folA Ut of & Be VEA] ALEWH ofF e sz A
T AF ARzel AAE o F
A Aol BAS J8HT J15E 9AE e Vel U4 b e FHEL B
MEss 722 Joch 2 WEAE FRen flo) oFe] AfRe FERE

o+

7 )=
o 5

III”II 77

1]

A, .~ Oscillator
_,,- Body

Power supply -
switch
- Battery

Circuit board

Mist

S5 Holder

- Oscillator

Thin plate
Chemical solution

Chemical solution bottie

Fig. 11. Atomizer and atomizing method utilizing surface

accoustic wave.
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Rl

2 ¢ 2AE ol A sk

I8 129 viE B3 FFRIE US 6206196Bls 43 &AE ol &F HA 73}
A8 GERY. AAE B F5E 9A Ao dAAC L2y Fel Ro
3, GAl A ER olF v1Ese] tdE g st mMEHE P22 Hoglnh
7hAAg w2l g8 Fa5 Qg F5E JeE FEE FH ded, wEHY

:‘T:
TS} o]Fe] AFEE 4L A1 Ak

wick Perforations
Leads ' Center hole
Leads \ s Piezoelectric actuator

Circular orifice plate L Peley

Liquid resevior

. i w w e w— e —

Fig. 12. Control system for atomizing liquids with a piezoelectric

vibrator.

JEe BF $Eustel Be RFE & FLATI|Y PO AgHrNE ¥
AP 2 AFNE Bo BAST $EHA FANE ALRnA @k
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A1d AA

2047] FWFE 2&3e B8 L AR Fe] A GAEZ B4 L 245
2ot 2e9E 8P PTIAE ARl pPRol] AA AR B4
1A

AeTRAA A2 Bhe) Az L GHo 22798 LT o, B AT
He 2498 olgdte] ERYFL WA 2 FAYRY BEE A% 2% ¢4
7718 A QAA zgteluixe] G4 RRAAY WY R VAR IR
g A s,

285 AP A VAHE FrHA A g WY 2 B WA 7}

& 24 R FEHS) A4 2 ATNNE 283 AUAE ¥R F, F 28
3 AE M £HAY BAHA BN FA By T2E 3
FH APPAL ol Hated AT

# Sonicationd& 2 &% S 27 - A FHAEMES H 0gd 47
Adso] TEHD Yt}

Yifang(2002)2 A 87} dAES dASE Y3 $£H5H wwgdd 253 A9
(20 K, 460 W ¢ e HE&da wrgAte) 2 YAz r] BE¥XE SEMS o83k
SA3stdeon, £33 wubdd) Hd 253 AR SAL 253 A A3
oE ARA7Y vAEgE ZHAged, 42 A Y ElE microstreaming, microjets,
shock wave 52 AA Fo PAIHE 2572 83 Add 7|dddx A9

Michael(2000)2 &F 95 9A9 stfel &3t A0 ke, 8 W)S HE3H3
g X 2re] uwhEl Pxtav)e] BEE SEM, ¥HA R Aol HIS X-d HEAZA
o] &3t FAHRNLH, &3 AHIFYA TAHE WRESHoe=z AFrvwE YA=

11
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Kingsuk(2002), Zhaoxia(2002), Saito(2002), Delozier(2002), Debjit(2002) < 4yXx
FE B Uk e AZxo g3 XHHE ol&dFor, Kingsuke UYxFEo %
=3 st SdE Y HE o83t Yx=BHE A xstH 2w, Zhaoxiae
olMFe] MG FE& FAL A UnFrE AxFAAH 259 S HLEs9 U
F ZAAwAE FAAAZ T Saito, Delozier, Debjit UYx=FB 2 YB39 A
Fol 253 YRR L AAHRZ o) &dAT. AV AT =& HIH AR

o] E7 -383d EXAEANS ¢ UV-Vis, FT-IR(Fourier transform infrared

ﬂJ

spectroscopy), AFM(Atomic force microscope), SEM(Scanning electron microscope),
TEM(Transmission electron microscopy), EDAX, DSC(Differential scanning
calorimetry), TGA(Thermo gravimetric analysis), XRD(X-ray diffraction), Z-scan
o BAM WHE ol gAY

HFH5(1996) 223 ur R gAdse] 22ld 5402 HAN FAF
= EA4E& H-NMR, FT-IRS ©l§3l9 B34
o2& JtER dAdse B2d s4uEgEN JAdT gugge] #aEg

[o
R
?
Z,
<
oul
i)
My
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Yo
ot
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o
oX
A
>
e
i3
i)
r
L)
o
X
9,
offt
%
)
Yo
2
.

{

A 88 AFHE dHolBo2E: HEyIA 2 AL T
&

Gareth 5(2002)& &% 2&3 A7t 289 FFZE A3t polymerisation
< 7ISsdnE A7Z23E dEAES vasty =3

Feng (20000 &3 Mg FXA oA AA & FZ54 B AgE7

oA, I dAozZA &3 Ao & acoustic vortex micro streamingdl &3 o]
29 FAFe] 710%ctn F25 9

(|

Chu &(2002)2 A&3 %3033 W/mnd, 20 min)d 28 &4 biosolidsoll A w&
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Aol FulgEvs HIdZRE Busdd. Lima Leite $(2002)3  Lafitte-
Toruque 5(2002)el ol & H2el okl 2535 oj&3ld 1 &4 A
EStH Y. Lima Leite™ 2 Mz 28 Wzo] 53¢t A3 gide 298 L4359
< AF AFHIA 2g9E HALHFGS A AvHolAd A Ft
HarAgol TS AASA Y. Lafitte-Toruques 23 Kk, 47 W 223
A sRE Ao HFEAE 5L vlasR.

Ebringerova$(2002)2 Xylan®] EIFAHNMY ZS&34E F&3le con bran
hemicelluloses®] FE& &S v - FA3I

Yukitoshi(2001), Nadine(2001), Bohm%(2000)2 Z}z} Z&37F AHHUS H-$9
7R HEre WHSAE IS =S UWA(15 ME, 26 W, 39 W, 52 W,
66 W)e] - &I we Bz W
MRIE °©]&3td &3 &7 dis] 73 e, 23 W o] &3 EFHA =
A2 E4E ob71sHA &S FAsET. F 2&59E A HE4) 23 Wb F
HetdEEad S AASATS. Plant celle] 2 Mz 2S935 H 439 AETHE 28
3 EFHE2(243 (70 Jm™®), 215 Mz(85 Im™)HE - AESH YL 2oy 49
o] FHE Axe] Aol APt AAE A A A

Evelyne(2002) AARBZFHANA LA AFAIE 93 253 A IGO0 i,
100 W)t AEEA A -F Mg WHastd WEFH o2 AHEsr] of HSFE
AFstede 2297 AFFo|, o] o HHe 2&FAdx WEE 83 GI/m°YL
A A 3+ A

Yukiko(2002)E *P-NMR 3 TEMZA A dxg FAHo2A 23 s 0%
st o™, Juliana$(2002)2 Imazaquin® HPLC &3X ¢ Axg #AFoz ZSH4E of
&3+ 31, Sanchez-Brunete(2002)+= GC(NPD, ECD, MS)& ©| 43 E%o AHEEA
< AT AAMEY FHFo2A 2594HIE )& AT

Kim F(2002)2 Ez=d 7 Z28Ae] 3 37129 =53 H(20 K,
1.5 KA g 4S5 FT-IRY SEME o] &3t viu - 243tA .

Huang5(2002)2 FexOy—TiO¢] =53 A& o] &3 w-g&% FAdd 3T I+
€ XRD, DSC, TEM, SEM, BET %9 &4FXE ol&3td 253 Xy & &
AL EA4staz stk

off

o
=

i
oy

do  of\
R

e
S

4

MY
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Swamy $(2001)2 o3 =320 Kz ; 375 W, 40 ki ; 80 W, 43 Kk ; 250 W,
720 Kk 5 21 W)e S&elA FAlel F i Fo4E o8 Z2ES3H20 K, 40 k)
A2 g 71AE iy vludte Copper 3E S vlnstgct. F A =289 &
HE Ao N e dy, Hgdassd, M2 EANY 59 §8 F 3
A etF o 2tzte] 2guE AL e B
SHE A AS H 7 dUA E&WHAAN gH3 A SAES AAzEY F 5
o] 2538 HEst A & P4 L SN Ao AFHE FEIFAT
Balasundaram 5 (2001)2 Z 2320 Kk, 600 W)E o83t Celle] #Z2YHTY ¢
AR, FETH FEHE v - BHsd AAN BHE d9n I F XS59%E o4
g APl 7HF T &FHAE AAEG T

Antonio 5(2002)2 HZ2 %3320 ke 1327 W) Az oj&39 CODE
FAY & Jdv AHstn s dFFXE nasF o, Darcey(2002)= 9o A

SAEN g Fare 88 2 7 U 28 FXE MLIA

Ir
N
olf
oX
o

7

:ld

Hlf

N
£,
o
i)
2 M
2
2
ot
_E.
=
ACH
X
—LI
i)
)
i
I
oft
lo
b
P
djo
K
mlm

= @771 A48 £ e BT AR S AES R FAC
Y S4ES BRI FE AL AHRE 98 AEAF 259E A $HA
S B 23HE RAARE A4 4T/ FASS FHAE WY 29 - 5%
H EHE ok 253 dUAZF Rotd ERES S E 2 E4WgE
StAn B3 SEMS o83t AMPEE IFoz J539 B
stdeh 223 AA 313Gt A RE A8
2 239 A A - 3o AEE AFeA 2EX G dxE FH
M BFstAT F T SEME ol &3t v - A AT FaAY 25 AL 9

N



o)

SaiAle] st 283 A
e 89S 9 2asdn. B9
£ GEF T HHY Tz 223E AASAL A% HAHY TR &

& B BAAEE A Hste dEAHRD 4FF
e Ao AEde Zfd g drAEE T B4

A 2 WHE AgRE #Eddor g B dFdAE FAEAAY EAUHOEA
TLC(Thin Layer Chromatography)st A3 Wi o2+ NMR(Nuclear Magnetic
Resonance) & ol &3t 253 e o BA+x ¥EE #F3UT. Acdlabiit 2
ACD/HNMR Spectrum Generator®t Cambridge Softiit®t CS ChemDraw Ultra + <&
o] Z20¢L o839 NMR Spectrum® ¥£ATFE F AT 55 Featgo
o AFFRo w2 Spectrum AE IABIIFIL AA NMREA 23} vl

A
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Al 22 olEF uF

1. NMR( #7] %)

oFF9 ggH RASE HsiNE F71EBS o8t woe EFRE BAT
Ho 2= TLC, GC, HPLC, NMR, FT-IR $¢ E24A8]&EE& o

st W Ee] Jdom, & dFdMe FEFY AAHR FAE7E EM57] A8, &
42 TLCE, A#EAA EAY-& NMRE o] &34

A7) FHHE 19243, Paulid] 93t A¢kx a1, 194633 v Havard 4 8t 9
Purcell ®# Standford W3t o] Block dF®el 9ste FyHAAUT. =, 242 59
FHom A7|FAA EEE B duxe ~dEE doldtths, o]&vt AT F
gol&& gdatdd

A7) THE doF7] Aste FFsiol 2 oAYAE HMAY] FEAMAL dHe F
g4 th e (3~3000 cm, 0.1~100 M) #
Hl3te] dietd] 22 oy x| o]}

AAE A skl *129 2@ FANLE ANE AAY, AAYE AL FL

BEY §Fates 9o g2A, UV-Vis, IR

doFlH & 23 IFR}F(nuclear spin quantum number)E 7}A Al @},

dtzer, AHsa de 19 dxol iAE A 29 7 FFHFLS Y 29
A I o Fod I+ 01/21,3/2,... 59 o8 1A @& JtE F ,
°] #&& LAY At Y& FHAL FAHAY Fo o AAFEG. & EY E 2

x2
e
=

9 gol AAWE R ABFs FF Ee 245 89 (1H, BC, FN 5)e 1
? Zg JhHE, 9 F AA BE A5 8 (£C, $0 3 )e =09 @e 7
A o714 109 AL AAL A @3, [>02 He ARG AW P¥e F
o o ROI(I>0) ME U7 FHE Yoyl As REFelok T He N 8o
A,

duoz, A, F AWHR dE FAY A= T Fd AV FYs

Uws Ae Mz ol PEHY, Axdvtd DHF A7 ZwE(magnetic



moment) g, & ZFAo TR 15090 YxHe] Tt A A7) FolAl H
9, 238 GRS 10 YA QI+l FREbE duRA e =3 FHE EEHT,
Zy A3 2t 4 e @ & 29 31 E ot U #2r

ms=—1,('—1+1), ......... ’(1_1),1

Table 2. Nuclear spin quantum number

Nuclear H | H | 2c | Bc | PN | PO | O | PF | %P

! 1/2 1 0 1/2 1 0 5/2 172 1/2

No. of ms 2 3 0 2 3 0 6 2 2

ost o), Ay FY VAL doslE 2RE F 02 HFS oA nE
3 o) o7 kA FHI Utk aAY HYR Fo) sHF Bol 2As: WA F
B WRe dossst MEE 49 He Fa A%l

dud oz QA7 9% RAr1F) ol A Hu Ut AL whA e vl AA
& 2 A% FRe W vl

A% A7 Fol e AR AR AR A7IFA S A7) AITA o)
o) e E3tw obdle) Az To) vhehd 5 Utk

oy

E=— Hom HO

A7, p,e AL A7l BEUEC s, Hy2 ¥ AgY Azlelt. FAE

2
Jt

Ao oste /T I 2 m#E HAE JASE A7 FA 28 o, el 7t

2 F e 29 2™y FAgE AR dyAE g3 2o

_51_



o714, A= & ulzUE(nuclear magneton)s, Hys 9% 7139 A7)
(strength of external magnetic field)S Y EFI T
Y 132 R AL Hol FR FUe Aol oL gAY 2H|AGH

FE IdoIH

il

B

-1/2
Ho

+1/2

No field Applied field

Energy

Fig. 13 Spin state of hydrogen proton between two states.

7] agelqe ol i A7 F y@s wid® +1/2% FHE B AR
AElolz -1/220 HFHlE B2 duyx] Aeolw E3] AANAY 4 AAY 9y
2 AdlE +1/27F 10 ppm A E 2L Ao g veldrh

A

L

AT AF A7Fd FA AAAE £ paBH S AdHFAE 7HR= £1/2

p

_/‘l:_
o F b 2m Y T olx @ FHE AY 5 Avke ALE SolAd 4P
%},

_@
2
N
ol
ol
)
"
2
Ir
rok
ok
ok
jo
il
by
2
_le‘
b
32
i
i)
o

de oz AdsE

goz viA: @4, = ® $Pe) W 23] thE W 2@ gz Holde A

Fadol @ oluix Hols JEZ Yed = Aok
o) W Ux WP AEE ol A7 2ol vhehuleiRt.
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AE =hy= E_%— E+%=(+ nBH)—(— pnBHy)

2#mBHO
h

=2 punmBH,and v=
g2 A, 14,100 gausse] ZA7|Fdd ¥ F4 Azte] FH5£E FIWH, £ IXH
°] 60 Mze] Ftol stz A E FFEE, £
3t #ol wh3ke] wiH = AP FH AL dojdoh
142 Azt7] 9 @A) g 3 A7 AT A JA77ge] A #Ay)
THELES JeEbA 2gelth

N
ot

Fig. 14. Extend and rotational magnetic force of NMR.

42 b3 wol 2ok BWe (A AV A7 Hi e 948 stz 9% 2

717l A7l HeE 3] ®siA 7= Syt
Fa2 YAFol Y FFE dodE HHFL % 10 ppmAEY 2L AR 27
ZHE ZHAE Yol T oV AH o

=
22 oYz o] 2 2 JdUAR Ko} I YL T
Z 4 A "k o9t 2L AHE E3pdH g S
I BL UAE EE o) oyx] HEL X @1 o Alzro] g u}
2t W duyx AH, 5 utg AHE HEoitt. olgt o], n]EAL #HAH o
MR deje] Hdolg dodle S Holg Aol it



A71Ae] AZIHh ¢kslA B, gpg stEw 237)1%e] AvienE o 723 A
7138& Aol Fojorul vl A FHE dozl 4 QA vk FHLr)e FH/Ho wE

old AL 7tEwr] &8 AoAvE 9Ee e W 7tEYr] aaE E4FE
R 23|

o]

a9 158 2 AN 89 487004 FHAY $8H o] FL UEhd aolrh
el NMREHAEY 4 A, 2 287152 $ases 7180 @t

1
CH:8R CH2S C

CHal C= C-H C-CH:~C
CH20 CH2-C~—CHas
CH2NOz
—
-
CH:2

Fig. 15. NMR positions of each protons.

19 16€ WA FREF/I(NMR)Y M=ot 47 FPE R/ 2E  Bruker
it, DRX-500 Model& AHEt913 ol 2@71e] AE4E 500 Mzelth, NMRe)
EF2E D0OE AHE3E T IFHEAE Yo TMS Edo] A8dth. A58 NMR
celldl W& F Y 4B celle NAAPOZH SN AR A7FE ol Eato]
Ao AUAE TFTHA H1 o) W FEHoIAE NEE HEY F FFTHAAE
g F5 2AEPE ol



The Sample is Spun
Sampl de:
mole Holder—_ =""to increase Field Homogeneity

Sweep Coils

L..._ Recorder

C \\ X-Axis
Tran'::'liﬂer , N CM% s i
\

Sweep
gemerator

Intensity

—>
SIXy-A

v

Transmitter Receiver Cail
Coil

[

Spectrum Presented in Absorption Mode

Spectrum Presented in integral Mode

Fig. 16. Schematic diagram of NMR.

'H NMR Z% chemical shift2 %€ 382 %9 z} $ae ZA¥F2E, signal 9
BEZRY O 4o HAu4E, & spin-spin 2% WE signal o EE=HH

7 549 93 BAE & & A AW, 71A TAY 2AEAL vase F

g2 B4, BU2 ¥ 5 Aok F BA F2E 3% & Q. 53, v 23
(A @72), @20F3AE, ol YA, AL T Fase Y AP 24
]le



A 34

}é'l

A4 2 Wy

1. 253 A9EH

(10s)& mesled 253 Ao =&HE Al

T
18 Al 2ste]
A A
A8 3

dde A3 Ao

2es B 26

>
o

HE 283 A ozl deer v - BRI

Ultrasound
horn

Ultrasound
transducer plate

Pump Ultrasonication
chamber

Bioreactor

Fresh medium

@

(c) Ultrasonic
bath

Membrane

(e)
Ultrasound
transducers

Sonic horns

Harvest

Mostly cell-free broth

Standing wave
ultrasound transducers

Fig.

17. Sonication treatment method in biotechnology.
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29 172 AEeRokd gdold 2es AYPYs AT AL =455y

R

.

ATNMAME ag@sy 22 WwHe= %23

kHz 200 Wel &3t 302 F< A EstA.

AEE stden, 20 MedS 28

2. 5% FH H 54
TAgGezrE A PR EFAH g F FoM A, AEFAC o
s Ztzt 2F S AAFS AFIFPY. F 39 48 B AP xS F3AI9 F5-3HA
o Z2F FAREE 7139y, 29 18~23 7HAE &4 wokd AR F{IH F
Z& YEdr
Table 3. Specification of emulsifiable concentrate
Notat .. .. e
Brand L Maker |Efficiency Composition (%6)| Rest Composition(25)
-i0
Emulsion, Sulfuric Acid, Fl
Apharm O Syngenta | Emamectine benzoate (2.15) musion (;7%25 cl, T
D rfactant, Suppl tary, Fi
Fenari Oz ongBu Fenarimol (12.5) Surfactant, Supplementary, Flux
Hannong (87.5)
. DongBang . .
Danitol O3 A Fenpropathrin (5) Emulsion, Flux (95)
gro
Paranica | Os Novartis Agro Tebufenpyrad (10) Surfactant, Flux (90)
Table 4. Specification of wettable powder
Notat . . e
Brand o Maker | Efficiency Composition (26) Rest Composition(%6)
-0
D Surfactant, Supplementary, difuent
Bico Wi ongBu Bitertanol (25) urac PP i
Hannong (75)
. DongBu ‘
Diecenam| W Mancozeb (75) Surfactant, Flux (25)
Hannong
D Surfactant, Suppl tary, diluent
Antracol | W ongBu Propineb (70) urfactant, Supplementary, diluen
Hannong (30)
D Surfactant, Supplementary, diluent
Bumerang| Wy ongBang Spinosad (10) urac P v
Agro (90)
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7}. Fenarimol (Ci7HpCLN20) MW @ 331.2

33t @ 2 4'-Dichloro- @ -(pyrimidin-5-yl) benzhydryl alcohol
’F & : Rubigan, Rimidin, Bloc, #itt2], oAl (+EF A}, obgZob(+5 A1 %)

R B EE

M.P : 117~119TC, V.p : 0.065mPa(25T)

£ x : B9 13.7ppm(25C, pH 7), Acetone, Acetonitrile, Benzene, Chloroform

Methanold] = 37 Hxaneoll 27} =2

et g ¢ sidlo @) iy, 52°C(pH 3.6 and 9) 28¥%F A g

=4

) 5EA4ERF  ASA

2) 4775 © LD Rat 2,500mg/kg

3 BARZEAS <, BE79 Follwt ok A TS F

4) = : Blue gill TLm 0.91ppm

OH N
Ci Cli / \>

—N
Cl

Fig. 18. Chemical structure of Fenarimol.



. Fenpropathrin (CxH2sNO3) MW @ 3494

3}sts : (RS) e -Cyano-3-phenoxybenzyl-2, 2, 3, 3-tetramethyl-cyclopropane
carboxylate

¥ : Danitol, Herald, Meothrin, Rody, 1= =&

FRE+HTR) EWI+ZRA]), FAA(+HZ), Laleb(+all=)

}\-01 =

il

R N L e B R

M.P : 49~50C, V.P : 0.730mpa(20C)

L3 E(25C) : E 0.33mg/ ¢, Cyclohexanone, Xylene lkg/kg, Methanol 337g/kg
StdAg - gz A FIHE

=7
D SR BESA
2) 47275  LDs Rats & 70.6 mg/ke
3) FA479% : LD Rats & 1,000 mg/ke
4) ©15 : LCsx Blue gill 0.002 mg/kg (48*]3})

CH3 COz CN

CHs /
\CH @)

CHs

Fig. 19. Chemical structure of Fenpropathrin.
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t}. Tebufenpyrad (CisH24CIN3O) MW : 3338

3}3t% . N-(4-Tert-butylbenzyl)-4-chloro-3-ethyl-1-methyl pyrazole-5-carboxamide
¥ %  Masai, Pyranica, 3to]E(+F x5} 1)
|4
A FAAGA
MP : 61~62C, V.P : 1x10° pa(25T)
% : E(25C) 2.8mg/ ¢, Acetone, Methanol, Chloroform, Acetonitrile,
Hexane, Benzenes iH & F7]&vo] & =&,

4G T rFEHC A (DTw>28d (pH 5~9)

=4
1) 548F  nE5EA
2) 948375 : LDs Rats § 595, 2937 mg/kg
3) 847435 : LDs Rats > 2,000 mg/ke

4) A= : LCs Y] 0073 mg/ £ (48A17H)

CH3CH,
CI
N |
N\
N .
| CONHCH, C(CHa)3
CHs

Fig. 20. Chemical structure of Tebufenpyrad.
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2}, Bitertanol (CgNz0Oz) MW : 3374

333 : All-rac-1-(biphenyl-4-yloxy)-3,3-dimethy-1-(1h~1,2 4-triazol-1-yl)=butan
-2-0l;1-(biphenyl-4-yloxy)-3,3—-dimethyl-1-(1H-1,2,4-triazol-1-y)butan-2-01(20:80
ratio of (IRS, 2RS) and (1RS, 2RS isomers)
¥ : Baycor, Baycor C(+Z3 &), H|Els, vlo]Z o o](+ 22 9])
42
A FAERA
M.P : 139.8°C (Diastereomer A), 146.3TC (Diastereomer B), V.P : 0.001lmpa(20C)
S =(20C) © B 29mg%/ ¢, 1.6me®/ ¢, 5mg> %/ ¢
9 gAY Y  odAE  He dx BiA AQR, 29)+(1SZ2R), WA
B(IR,2R)+(1S,28)elx 1 EFH]= 8 & 2¢.

et
X,

_'ET
FX87AF% : LDs Rats > 5000 mg/kg
F474395% : LDs Rats > 5000 mg/kg
LCs FX 7% 2.2~27 mg/ L (96417

OH

Fig. 21. Chemical structure of Bitertanol.
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v}, Mancozeb(Manzeb) (Cz:HgN:S) MW : 102.09

318ty . Manganese ethylenebis(dithiocarbamate) (polymeric) complex with zinc

salt

7]E}¥ : Manzin 80, Nemispor, Policar MZ, Vondozeb plus, Polcar S, Ziman-
Dithane, Manzate 200

4E % : Dithane M-45, t}o}l7}(+Karathene), X|vtd| B, 5t3 X, @A M-45 HN=

o} A (+ 3} ), 2179 (P4 sA)

B

Flash point : 138°C, M.p : 192~204C & &)

Eox @ Bolvt dfFE fr]&ulo] EL&Zoly AYxAd ] £
A 1 AXF AFEA, AAAFL dE A
=4
) SA4EF  ASA
2) 47 7T= : LDs Rat 8,000 mg/ks
3) 947435 : LDs Rats > 10,000 mg/kg, £E7] > 5,000 mg/kg
4) o5& : do TLm 4ppm

I
Mn—8—C—NH—CH,CH,—NH—C—S | (Zn)y

Fig. 22. Chemical structure of Mancozeb.
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¥}, Propineb (CsHgN2SaZn)x MW @ (289.8)x

3}8t% : Polymeric zinc propylene bis(dithiocarbamate)

A% 9 : Antracol

M.P : 150C o]gelA Z3ld. VP : <lmPa (207)
A= o Ant f{FrlEvio] B8
AAE 1 160TC &3, Aolyt AestE e E<HA

ob

Ty
o

=
it
o,
At

L A EA

o,
o
4w

% : LDso Rat & 8500 mg/ke
= . LDs Rat 10,000 mg/keg
= . 9o TLm 18.2ppm

«
2 oy z=f
o
on
w

CE3
[zn—s—C—NH—CH,—CH—NH—C—S—| ,,

Fig. 23. Chemical structure of Propineb.



3. %3 @vA3% SEME o848 27 54 24

2 820 9" FAe 4TS FAAY A
%o FUEE ZAKTA 17 249 2ol TwiE A7, ojux W, BuH
PCE THE 9954 2 PALAS olgadn

2ol waAe) SHAIY BAS 2ASY) et A § A 4% U 4
7 @Sl due] e B3 NNW SAL VEYCH, 2 godo] Pa 2ET
Aol AT A Fo oH 89 F 284 G4 G4S YSHGD. 2eH A&
P e AEA EL
Ao AH HAF g4 Zehol=
. ztze) okEe % gol BMs Assdon a9 AAA
3 AelFel FaAs S Bare] wel EASS T |

64

ol W =¥ J4

o
rlo
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il

1. Microscope 5. Image Grabber

2. Slide Glass 6. Host PC (Inspector)
3. CCD with Adaptor 7. Monitor

4. Display

Fig. 24 Experimental setup for cluster measurement.



71& Zolwlel &AE & OLYMPUSHt 2] Eyepiece Micrometer(0.1 mm)$} 715
T EAH0.01 mE AlE3te Zolg FHA3Roem A/DUBHE YAFAS] 640pixel©)
18 mmell 2HZFHE}.

E 5= A 23 A Fo AHfSHE AT 2S5 AXEY 55T A
F¥e 71esAT. E 6ole 287 Adel ols FHAE YR AR HA
< &A4st7] s A8 " SEMe AMSS Ziss o

4
>

Table 5. Specification of microscope

Item Maker Model Spec.
Microscope Dong Won DSZ 45T-PT Zoom I 7X—~45X
CCD Camera Sony SC-ST70 768(H) x 464(V)
Image Grabber Data Translation DT3155 640 x 480, 8bit, B/W
Post Processor Matrox Inspector Image Processing Program

Table 6. Specification of SEM

Item . Spec. Item Spec
Accelerating 0.2~30 KV GLN Schottky z?rconiat(.ad—.tungsten
Voltage thermal field emission gun

1. = 10 KV ED
Resolution omm at = 10 S 10 m#, 1386V at Mn Ka
25mm at = 1 KV Resolution
20X in HR mode ~ UHR| Detectable
Magnificati 58 to 92U
agnification mode is 800,000 x elements ©
Crystal Silicon




4. TLCS% NMR<$ o} &3 33ty vy =53

ey BEAE YaMeE i3 e ojfdty HEFHEL BEXFRE FAS
ok, EAQ BAWrY o2 xdE GC, HPLC, NMR, IR $°] gle B dAFdMEs F
A

so] AR WHIRE Bss] PahA TLCS NMRS o839 th.

98 2-f A AENA Fore] mhe] BHA gdol =
2 worel wido] faslo]l AFe B 23e W F47 =

o5t AFeh Aol el okl 84 WHES TLCSH NMRE ol §3he] =3

R & A3 Hsted AdE FoRHFADA 2% o
3 253 7R A S} vl ZE Al didl ZHzE TLCEA1 & 8ot

ZE 9 A3 Foe] WAE FAH A A8 FoF el (Fenarimol), Iyl st
(Tebufenpyrad)el] th#} =& 7FAAIS} FrE Al tiste] F<ke] W/AdE& TLC(thin
layer chromatography) ¥4 23] 3733t

Z}zbe] AloFg Eof 100u] do = Azt Ao ARIE =F9 AFASG ES
2 o3 253E o 283 78 H 2949 FRSIA g TLC 24 &
sHA .

# 2 (Fenarimol)®] A4 H#7]I80iE oL FE Yoz AE&vl CHLh
(Dichloromethane) & AF83l9 1, vzl 100 meSol 10% NaCl(10 g)& ¥ =< +
CHCl:Z 100mi7}sled 3083t shakingsty, F71&viF3 EF (530l £e87t
HE #Fr18mMSE 3Feta, oA EF(F ) #7189 (CHCl) 100 meH7Hskod
A7z /7180 E st e 89F S NaSOE T2 AAT F
e sS . g Z2S5HAY F2ERAe] AES A% CHLR2E %9 F
2zt QES volume(2 m)SE mass updts ©]E TLC plated) L F(10 p)o =
spotting3t At} TLC A 7l-& i Hexane : Ethyl acetate = 2 : 1 & A3}
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A7 100 meFe) 10% NaCl(10 g)2 ¥ %2 ¥ Hexaneg 100 mi#H7}skod
3023t shakingdty, F71-8vlE% S35 (FSF)o] 7 H4E
i, A 23(FFF)IN F718 0 (Hexane) 100 mE 37 %
)& I Rth I BulFE NaSO2 F
2SS} F2EHAAE 239 Hexanel ® 59 F 42 A3 volume(2 M) 2
mass upstR e, o]& TLC plated] FYL (10 )L = spottingdtF k. TLC R
2 1= Hexane : Ethyl acetate = 2 : 1 & #7332}
=% AP F FFY 3HH FAP/EHE 98 AHEE TLC Plated] AM¥

Table 7. Specification of TLC plate

Item Spec. Item Spec.
Plate Material Aluminium Sample Volume 1 tob u
Surface Coating Silicagel 60 Diameter of Spot 3 to 6 mm
. Diameter of
Plate Size 20 x 20 em Seperated Spot 6 to 15 mm

1}. NMR(Nuclear Magnetic Resonance) 24

NMRZX & 8 229 A3d FESL Whatmanite] 0.1 m7tA A2 5= PTFE
AAe 97 25 mm, Syringe filterE o] &3l B{FES A A% F NMR tubed 2o
A2 AgPstHrt. NMR tube= NEW ERAAFS] 500 Mk-& NMR TubeE AFE3

o] o AME P X F A= Cambridge Isotope Laboratories ,Inc. Y SIGMAA}LS]
DEUTERIUM OXIDE 100% D, 99.96%¢& A}-43} it}

#F 8= A#FAA T Atgd NMRIR Y AlF AMES, & 99
AFEE D09 A FALSE )& A

rir
oL
2
i
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Table 8. Specification of NMR

ltem Spec. Item Spec
Magnet 500 M Mzgt?:;g‘;e'd 11.746 Tesla
D ProtoB,EPC?rbon, Ten:zs;ture “150 to 180 °C

Germany, Bruker Co., DRX-500 Model

Table 9. Specification of D20

Magnetic susceptibility

Formul D -0.719 - 10 (20C)
ormula 20 K
Molar mass 20.03 g/mol | Dielectric constant (&) 785
Density (d20C/4C) 1.11 Dipole moment{ ¢) 18D
Melting point 33T Polarity (E;) 264.1 kJ/mol
Boiling point 101.4C Donor strength (D) 138.1 kJ/mol
'H : 472 ppm
Refractive index(n20C 1.328 Chemical shifts (J)
efractive index(n20C/D) emical shi 0 00 ppm(Standard)
¢ =1. determined
o 124 mPa - s . J(H,D)=1.0 Hz ( e'ernm.le
Dynamic viscosity (7) (20C) Coupling constants from the HDO signal in

acetone-dg)
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Fig. 25. Bico(W;) Particles before sonication.

(Bar corresponds to 500 ym)

Fig. 26. Bico(W1) Particles after 30 sec. sonication.

(Bar corresponds to 500 um)

_’70_



ML/ S B A §

—
[ Bico_Conventional
ZZZ4 Bico_Ultrasonic

T

| AARJASLER S Y Ty TV

——s

———

100

= CUNUERRRNRNR RN
F 1 | AN RORRRNROORRAN,
B AN TN RN DU NN AU RN DN RN NN

T YT T T T

(=] o o —

[ (=] -

(=) —

-

("ea) JaIsSnin Jo JlequinN

Diameter (Pixetl)

Fig. 27. Bico(W;) particle size distribution before sonication

and after 30 sec. of sonication.
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Fig. 28. Bico(W)) particle size distribution before sonication

and after 30 sec. of sonication.
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. =
500 micron

Fig. 29. Diecenam(W3) Particles before sonication.

(Bar corresponds to 500 um)

Fig. 30. Diecenam(W2) Particles after 30 sec. sonication

(Bar corresponds to 500 um)

- ’72 -



1000 g7—4—F———F———T——T———T T T T T3
3 [ Diecenam_Conventional ]
L /73 Diecenam_Ultrasonic 1
-~ 100 o -
o E E
2 ] .
E, ] ]
ko ) - ]
8 d J
73
- %777
© 724%%
- 10 o %%%% .
@ 3 2457 ]
2 ] %4277 ) ]
£ ] Z %2 ]
s :
=2
J ;?55 J
| 747 J
2%
%%
i TN
22770 aizzo222%70 - REREREEENNN-NERNE NN T AL S
0 10 20 30 40 50 60 70 80 90 100

Diameter (Pixel}

Fig. 31. Diecenam (W3) particle size distribution before sonication

and after 30 sec. of sonication.
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Fig. 32. Diecenam (W3) particle size distribution before sonication

and after 30 sec. of sonication.
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Fig. 33. Antracol (W3) Particles before sonication.

(Bar corresponds to 500 um)

Fig. 34. Antracol (W3) Particles after 30 sec. sonication

(Bar corresponds to 500 zm)
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Fig. 36. Antracol (W3) particle size distribution before sonication

and after 30 sec. of sonication.
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500 micron

Fig. 37. Bumerang (W4) Particles before sonication.

(Bar corresponds to 500 ypm)

Fig. 38, Bumerang (W) Particles after 30 sec. sonication

(Bar corresponds to 500 gm)
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Fig. 39. Bumerang (W4) particle size distribution before sonication

and after 30 sec. of sonication.
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Table 10. The concentration of Bico, Diecenam, Antracol and Bumerang in
filtrate (<100um) after sonication(28 kk, 200 W) and with water mixing
after 30 sec. (20 gl particle concentration, 1 pixel = 2.8125 um)

Mean | Min. | Max. | Num. 95th 75th Sum
Particle Value | Value | Value |of Points |Percentile|Percentile
(Pixel) | (Pixel) | (Pixel) (ea) (Pixel)
Bico__before sonication 11.0500 2 170 1682 3 12 18587
Bico__after sonication |
4115 2 46 468 4 5 1926
{30s)
Diecenam__before sonication | 13.164 | 2 355 1197 3 13 15758
Diecenam__after sonication 5483 | 2 60 832 o 6 | 45 62‘
(30s) ’ e '
Antracol__before sonication | 22,145 2 1478 | 1453 3 15 32177
Antracol_after sonicat |
ntracol_after sonication | 2 zg7 | o | 140 | 1936 | 2 8 | 14690
{30s) '
Bumerang__before sonication 38 2 | 1001 704 4 33 26752
| umerang_aer sonication 3055 |
(30s) e
*—4L
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(a) (b)

Fig. 41. SEM photographs of the dried—-down Bico(W,} colloids formed (a) without

and (b) with 30s ultrasonication(5,000 X magnification)

(a) (b)

Fig. 42. SEM photographs of the dried-down Bico(W1) colloids formed (a) without
and (b) with 30s ultrasonication{10,000 X magnification)
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(a) (b)

Fig. 43. SEM photographs of the dried-down diecenam(W3) colloids formed (a)
without and (b) with 30s ultrasonication(5,000 X magnification)

(a) (b)

Fig. 44. SEM photographs of the dried-down diecenam(W32) colloids formed (a)
without and (b) with 30s ultrasonication(10,000 X magnification)
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(a) (b)

Fig. 45. SEM photographs of the dried-down antracol{W3) colloids formed (a)
without and (b) with 30s ultrasonication(5,000 <X magnification)

(a) (b)

Fig. 46. SEM photographs of the dried—down antracol{Ws) colloids formed (a)
without and (b) with 30s ultrasonication(10,000 X magnification)



(a) (b)

Fig. 47. SEM photographs of the dried-down bumerang(W,) colloids formed (a)
without and (b) with 30s ultrasonication(5,000 X magnification)

(a) (b)

Fig. 48. SEM photographs of the dried—-down bumerang(W) colloids formed (a)
without and (b) with 30s ultrasonication(10,000 X magnification)
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(a) (b)

Fig. 49. SEM photographs of the dried-down bico(W}) colloids formed (a) without
and (b) with 30s ultrasonication(5,000 X magnification)

LGN 00

(a) (b)

Fig. 50. SEM photographs of the dried-down bico(W1) colloids formed (a) without
and (b) with 30s ultrasonication(10,000 X magnification)



(a) (b)

Fig. 51. SEM photographs of the dried-down diecenam(W:) colloids formed (a)

without and (b) with 30s ultrasonication(5,000 X magnification)

(a) (b)

Fig. 52. SEM photographs of the dried-down diecenam(W32) colloids formed (a)
without and (b) with 30s ultrasonication{10,000X magnification)
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(a) (b)

Fig. 53. SEM photographs of the dried-down antracol(W3) colloids formed (a)
without and (b) with 30s ultrasonication(5,000 X magnification)

N Bl W0

(a) (b)

Fig. 54. SEM photographs of the dried-down antracol(Ws) colloids formed (a)
without and (b) with 30s ultrasonication(10,000 X magnification)
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(a) (b)

Fig. 55. SEM photographs of the dried-down bumerang(W3) colloids formed (a)

without and (b) with 30s ultrasonication(5,000 X magnification)

(a) (b)

Fig. 56. SEM photographs of the dried-down bumerang(Wa) colloids formed (a)
without and (b) with 30s ultrasonication(10,000 X magnification)
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Fig. 57. TLC Pattern of Fenarimol and Tebufenpyrad.
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Fenarimol Tebufenpyrad

Fig. 58. TLC Pattern of Fenarimol and Tebufenpyrad.
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4, NMR(Nuclear Magnetic Resonance)3 4]

1% 59% Chembridge Softiite] CS ChemDraw Ultra T2 & o] &3t ALkd
th.  Fenarimol®] 'H-NMRE®A =#ede] Addo|ct setyzre AYF T2z
'H-NMR 2% E% 9] chemical shifts}e] 4##AE xedzErh

a9 603 61 218 599t @] EAEAT xR AFEA Yol 7Hed ACD
Labiit®] ACD/HNMR Spectrum GeneratorE ©]-&3t%] Fenarimol® 'H-NMR =% E
L &% Aolth ¥ 6lv S JHoA chemical shiftgt-& Fdiste] &
'H-NMR =% E% ZAzeltt. ACD LabAle] ACD/HNMR Spectrum Generator:
CS ChemDraw Ultra®] NMR Bt} AlE2 o2 NMR 2% oFo] 7HsstAt

23 62% Fenpropathrin, =8 632 Tebufenpyrad, =¥ 64% Bitertanol, ZI¥ 65

= Mancozeb, 1% 66-& Propineb?] 'H-NMR ¥ EH & Aot}

Y 672 Aol FAY 2L AAM 500 Mz 'H-NMR 2=E3 22230
t}. 47 ppm 2 D0 AEE JElATE 198 68 2S5 MEFF dolF #A
o] 500 Mz 'H-NMR 2#E3 £4 ZAxtoltt, &3 Agd-F o 2dEY 4
A7 28 K, 200 WSzl 20 gi'e] sxo ofdo] Eo] &3] 20 ccoll 3023t A
ZlES A5 EAFXY ¥se #FHA S

a9 69, 702 U, 28 71, 728 dYE, 29 73, 742 FHHFY 2&3 A
A - &9 500 Mz 'H-NMR ¥ ey 24 ZFvot}
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1) Fenarimol (Cy7H12C1N20O) MW : 331.2

ChemNMR Prediction Result:

720 713 oy 878

/ N

cl 56<1.54 \>9.26
78
878

720 713 4,
7.20 ZA 54 l
7.14 7.27
7.20
|
i
A intensity
ppm
1
1 ‘ |
| i
i ‘\ _!L!!_Hd!
T 1 ¥ T T T 3 I T ¥ 1
9 8 7 6 5 3 2
PPM

Fig. 59. '"H-NMR spectrum of Fenarimol(ChemNMR prediction results).
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Fig. 60. 'H-NMR spectrum of Fenarimol{ACD/HNMR Spectrum Generator).
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t}. Fenpropathrin (CzH23NQO3) MW : 3494

ChemNMR Prediction Result:

’N’
5.14
. o}
L1 1.75
1.11 6.77 o) 7.26
15
5 7
1.11 1.01
6.82
1.11 7.15 7.26
A Intensity
| ppm
i I L
T T T T T T T T T T T I i
7 6 5 4 3 2 1
PPM

Fig. 62. "H-NMR spectrum of Fenpropathrin(ChemNMR prediction results).




t}. Tebufenpyrad (CisH24CIN3O) MW : 333.8

ChemNMR Prediction Result:

1.24

N
\ 6o8 717 134
N
/ 1.34
3.80
698 717 a4
4 -
d A intensity
, Pppm
!
i I
.
| i l H
¢ T | ] T v ( T y T T | T
8 7 6 5 4 3 2 1

Fig. 63. '"H-NMR spectrum of Tebufenpyrad(ChemNMR prediction results).



@}. Bitertanol (C2Nz02) MW : 3374

ChemNMR Prediction Result:

N
726 726 8.15( §8_“ 1.06

1.06

_ A Intensity

_ Ppm

N
—

Fig. 64. 'H-NMR spectrum of Bitertanol{(ChemNMR prediction results).



v}, Mancozeb(Manzeb) (C3HeNzS) MW : 102.09

ChemNMR Prediction Result:

S
H .
/S N\/zgl\ )]\
Mn N SH
2.91 H
S

A Intensity

ppm

PPM

Fig. 65. '"H-NMR spectrum of Mancozeb(Manzeb)(ChemNMR prediction results)
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v}, Propineb (CsHsN3zSiZn)x MW : (289.8)x

ChemNMR Prediction Result:

ZT

Zn S ”

4.87 4.95
H H
\T/ S
332 | ||
HzM §——2.00

A Intensity

ppm

PPM

N~

]

Fig. 66. "H-NMR spectrum of Propineb(ChemNMR prediction results).




A Intensity

PPM

Wl

Fig. 67. 500 Mt 'H-NMR spectrum of apharm(O;) emulsifiable concentrate

before sonication(D:0).

A Intensity

ppm

Fig. 68. 500 Mz 'H-NMR spectrum of apharm(0O;) emulsifiable concentrate
after 30sec. sonication(ID20).
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Fig. 69. 500 Mz '"H-NMR spectrum of fenari(O2) emulsifiable concentrate

before sonication(D20).
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s e | L

Fig. 70. 500 Mt "H-NMR spectrum of fenari(O2) emulsifiable concentrate

after 30sec. sonication(D20).
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Fig. 71. 500 Mz '"H-NMR spectrum of danitol(Qs) emulsifiable concentrate

before sonication{D:20).
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Fig. 72. 500 Mz '"H-NMR spectrum of danitol(QOs) emulsifiable concentrate

after 30sec. sonication(D20).
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Fig. 73. 500 Mz 'H-NMR spectrum of paranica(QOs) emulsifiable concentrate

before sonication(D20).
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ppm

A o JL\AN

Fig. 74. 500 Mz 'H-NMR spectrum of paranica(Os) emulsifiable concentrate

after 30sec. sonication(D:0).
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4) Goldd YAE Bl £3NU F 220 AAHAE A YA EHe g =2
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B Ado] dojy=d ol
LIE ol g3t =Ast= W@ o= High speed photography, Laser diffraction
method, Laser doppler velocimeter 5 2] % o] At} High speed photography: &
S A% Fdolv wmE ME £E3 B¥9 ARNE G5t BF JAETEE FAHT
ez 7147 2P v BFU FERN 9%E FA @ Al Je
v, FAAY HE, SA-4 @& 2x7F AT 4 vt Laser diffraction method+
BT 427 delAEE 38 o do] AdHE d4E 04T &3 Uye= 9
Agole AW AR A FEYE FAS YBEEE FH= WH
olt}. Laser doppler velocimeter= LDVojAl ZTex] #lelS v JFH0 o3 &
Heol Futest FEE Qs AH JYFRES SR E

e

e
-{d
i)

i

ZRse wyol

;md_d

HAE Y3t 3 AN HEHEAH] ZA FrHste FAFHFAUE o] vy WAH
of &, Ax ¢ &3 T WHEEEY "EERE Fo] TAEA A

JAE vPstats ¥ AT FAHE ZA st ANATL ol &dE Eold
wet okt 2o vgsste A e A A4F, 49, LE9 3THIF UL
AA Pl H3 Z]FeME o] ZFeH ojd Aol FAo] HXRt 3FF EFVE EAIE
Aol BEoltk 222 uYs WY £FHFE B AZdd wet EFEde] =
7tg dol =2 4N BEE 97 AU A nPs S Roz ¢
g FAMY, g BFA, ABERA 2 F2E BERAHH F2E o A 4% v d
319t AFo] REFEE AMESE PR VIR 4 v Y3, ALY, AAE
F 2 A28 5 2Esod 9% 99s BPo) Rk

ZE0E o] 8T 9H P AFE 17593 Lagrangedl o3t &9 Azt it
T3 A7 2EE ol Il B A3/ [YHI Ao 53] 234 AAY
A F s 888 AFE &6 o223 gtk old #F AT+ 1927d Woodst
Loomisol] &3t ANz ew, 19718 K4y, 19723 T, 19804 hiisel &3 =
S o8 4A v Y YL T FHAFe FFYAE L JAEE T ¢
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Ad2F%E LESRDG. A P AAHL AR 2FIE ]8T W HE TR
FTEALE B3 ATk F, AEA] FAF Szt os AAW ZEF B FH
2 o)zl Ao AHLEo HYIE SIANGE AHojrk, o] olEL 1978

CChibasl €8] olFeifiom, 2& FE@M] 283 AE 4 AA vYs
JFan FAsAT. 2o 2R mEas 2o 453 2 3F A3 e
& Qe gRew BEA FR A7), AGAA, dFE AzAN SXTH 0§
5 $8WA7 WX Atk
AFNAE 23 2T vl #7129 4T 2YH o8 YL EUz
st Y8 AM BRALY) 28T 716¢ AEFHE Rolth FIF BAALUR
Mmete] wlgaec) BV 247 BT Alzwe A H8sE Rolth
ATozRHe J1EEdL 71E AFY 79, e =90 ofFgel AT 3
= 27elh
Mt a WRdAAY T sel AgHE $PE BTIE WEY Bk BARA
AlQshgol Wobd dmel @zt En Egdol BXm grh wekA Ml

fr

fl*I

24, 3Aag I3, Homd 2EEH, =29 FAH S ¥ YL $59 =
ag 283 BF W98 A2 4A5e @4 24 QuEHn Qe 5% va
o BEHE ELA Bh =Y FANANE FAst] GuIA DAY AT
B3 7|2ATE A0 FASATh o) vige] #EHW BF 459 Yoz B4
A4 A R sos mEe) ALER Aze] stEsn nAsEY Yoz 48
w80l 1 AAAY BV 24 olukx & Rez wurdh
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A2d Fdl-9 #HE

Sl = 19859 AW AES 19873 o)At 7137 gl 2& v HE FAE
Fo1%] F-F3e nygst SAS vu AP AFdA VEY VEr|Eg BEYA
o] ZotdE B, 1989d 9 19908 FAHUALS 254 e E dAV|T A
3t 71E EAlEC) 253 JES 7S @ shebA @dghkg WE vu 49
L7 &3 ATA EFYAC] Heopx 3, BFZto) F gL HAh 19919 4

74, olAFe] 22 IEL 7 EY AFAAAN BR] HTE AR, RELe n Y3

b=

Fo M xEHAE olgdd AAE mPIdse AT AFE 192736 Wood,
Loomisel]l 9Jgtd A ZAEHAo™, o]EL 300 Kz 50,000ValA AFss ¢AF
Langevin? 49 JAFAE ol &t Axule] ALY, #3831 2 79 A4S AF3
At

19718 K& 52 20-70 Heze] 229 IES o &3t ZF AAE o] &35t v
Hitsts A4S E3t9 HEUA, 25D 5& 7FIen, 1972d FHELS 200 k-2 Mk
Atole]l 23 FE 0] &3td FFHFo AT e 248S 3o Foe HAYH
el BAA S AASFAT, 19853 ThA] 10-60 ko] AF I &3 DFNA
Al vids 498 53t -rﬁh—mr HodAe #A € 4B EEF #F A=RE A
AR 1980 Al T 22 Kol {9 WEoA WHE vITFE BIFoEA
Td AHTS FA37] AT WHhE 7| FE 22 H T 1984 J.V.Droughtond 7]
3718 dAg 29 F3FXE 19893 KNamiyamad FE71#44 285 3153

g B & A 7S d2Agrt. 1980 Dooher, 198641
Strandel &2 &3 AT ¢ {F3HE&E ol &3t duA F4 AHE Bus
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A3 =53 & AA

1. 3% g diz(Horn)

AEAE AFAY Fo AFL S o] wap BA glon 20 WHZe
AEANAE F ym )52 Agsiol st AA) o8] UoIAE 15~40 m HE S
AEg Waz @,

ool AERY AL PEomREH o8¥ F b = JEL A7) AHAE
FEk Ad ARz Bo) 7be E(Hom)E BB WEAY RAsn, AFUAE
Fe WHoz YFAA @t TL PPz Yus 2 LU WL} e

¥R olgrlE WEA B4 WHAY o)gulr}t el A9 And.

T FFeo=me ¥ 7549 Zeol VEAHez 2~dl(step)d, FlEHIxolH
(catenoidal) &, <] ~X ®l&(exponential)®, FUYA(conica)@ 2} 47127} g, =&
3 7hEA Y AFAAE 2¥ 767 ol AFY I T E2L WA, T 2HY
Stod o] FAT A2l @AY TE BEEANZIL T4 FTFE @F, edHd
| Ee &2 A dde JAFE Fozte 98S st Ao2A O 769

[+

i

AEe LXAFS YEIQATH o mEC) oy, £& VERUYA, SE@BAAD
ran 2 AFqNE 2¥(step)d T ALFA
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Fig. 75. Vibration mode of transducer.
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Vibrator

Stress distribtion

Amplitude distribution

Fig. 76. The vibration types of horn.
o E AR 9 g9ude] Ay

T H4S AASEAE £ ARAL AAF Ao sk ARRA YEF o gy o)F
He AL dAFoX g o)A 243 o2 AL A9 & & TG 35LY
o] ZW H=Z &A% AAFHY H&d gst Aok = AZFeo] A HE = IAF
ol W REdo] FASA FdsiA A5 S otk 2gF E FTolAE
BE A% tale] Ni-CrZg ol &3t} ojgd FF7%, 2udd2%, &%, 9% a

B
JH
o
£
£

E Adde duzye (E2X-9o] AZFggu|et ER A Z |9
HEE AAAY. o] FH X | &9 WyRrEdoly =234 T g3 &
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[t
e
et
2

o

- 113 -



o Eeo A

AEAFAE AR
S E2ME T AF FFH o
Z&(Conical horn), &9 ARFAA Ed&HHo=z 7tsA 3 & H7F &
Aed, 99 A BF EF AFAY IAFITFE e A4
= 88 L FEFR HA=F YUt o]EFHA nFH} vAE Y3 1) Conical
horn, 2) Exponential hom, 3) Catenoidal horn, 4) Step-type horn2 Al &35 o™,
2 Ao AT Step-type hornell W3] A& A7 AAH Ao

(Step-type horn)% ©]

1) Conical homn
AFY TS gyo] B st 71 Rojuz 2593 AEsE TAES F95Y9
ofF Jtr}, 19 7704 ddHoe 2 EEH Ag XEHE Heo drFg S, 5o 985 Ed

W SEWRAL geg go] A4}

K

Q7104 ot B UE uE WY, ti= Aol
B9 el YP FYEY F4E b go] dejrrch

%u s 9'u / E . 27 e
. ¢} i 4= Zx = 29 A3 p=S _%..:A_E_O .
57 Cc o e o 1 c= B5& AT = 1R

9 Al B @RS g waAA S Am FAF) F2 nAHE A
A ¥e FUF XE woW

(w

- 114 -



71 Al S, £ B9 UHAA xHE o U u £ 2 THAAMY dFu,
cE B9 A FAA S&5, tv Aotk

FUEY Fo TXEL BARZNLEA x=0 & X BT 002 HE=R

x0 2 14 SE —0g olgstel 7 TA xAYe e 2o

ton al — wlc(Dy —D,)?
A(D,— Dy)? + &*FD, D,

‘?\Sx\‘
Input
S
I O |.__=Output
%
PERANY
¢ I >
< o —>

Fig. 77. Conical type horn.
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2) Exponential horn

G o] X FFHoz WEElE TL Gury
H 78¢ 2L EolM &9 WidHAE S, ATHEF
92 S=S;-e™ 2 UE A,

o] Wolx Q=¥ To AN o] AAZA x=094 —‘%’i —~ 0, x=1o14
OUL — 0g o185t AFHFTS FWRALLA

In = »n Cn V1+ tan?o & Q=1

@, tanQ, = i log e(%) = 2B opz i ne Al nd RS W
Ehd o}
e

2, tan0, = -1 loge( §T)= Zn oz opun ne A nREAE G

4 BAE TouNE BRE A 14 F
olmo] Yutgoz

™
e
i)
ol
ol
o)
o
L
opp

ol
ﬁ—l
|d
ku

¥

4nf
_ 1 ey ozl _c S2yp2
tan@ = —— loge( Sl)— 5y L= 4Kf\/4n2+[loge( 5,01 & 2
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A71elA, Sy, Sp, f7F FoIAE Fol Zols g ©RAE 7€ & v ddR
NA AEAZFE wolet &4, B xHe AAAMe] IFH us

o
2

“ + & sin) e Pz FHAL

u, = u;(cos 9, SN

AN ¢ =2 olBZ AFFFE FoA 4= LT o] T8 & Jrt.

’ C
c = \F rc 2
1—(%)

o] Aol A&UEE FolA SHE 't BHol AT B FFE cnT S

=27 B E ﬁ[u olojor BHEZ | < 2;" J W wng FASE B A

A7y e skt

Fig. 78. Exponential type horn.
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3) Z}e o] 2 (Catenoidal)®d &
Fleloldd &8 I AFo] oa gz AL3HA Foy AFTFEERTG IF

apg A9 gadt A5FFERT FASh &ZFHel shEwold
Yoz Hof Y L AFTFTH FASG B4 2F 9eMe} 2 oA

1-—(—%— )2 e [ tan 1—( \/ —-§1— cosh—l\/?f

% o= o/clow = 2z AFF), C: & A7 T 245%0)2 FHHx0)E F

S, = S, cosh?y (I—%)

EREEDREE

rlr
N
o
(w)
b

%
it

o) &3

D, = Dy cosh p(Il—x)= o}

-1 D _fS
n = —1]cosh 17; = —17cosh ! T;
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Fig. 79. Catenoidal type horn.

4) Step-type homn

F¥ 23 S8 19 800A S 2L BRI Fo] ¥ ALdn. o o

FFe a¥y e ve 29%9 2%, AS5Fdeo] WuHI 209 BNz
Hof duelA vl¢ 2 Fo| WojWth &, 2YRAAY WAuI =7 HW HA
Azel dAZ e S8 d%7bH0) 4¥ET FAFHGI 4AQ grt 24 @
oo} 443 ¥ 4 Qo YNHoe 2yre Pe FEFL TAY 2WTE 9=
TE Moz BEY,
29 801 Li = Lo = A/42 39, 2gelde] A% Hust Hn, A RN
9 AZe 0o WY
7} 28 kHzY ®, &% A A%, C= A x f =22 JER A2

)4 L 7T & Ak
Huz o] Foi7r},

o
A
=N
I
o
=
o
% )
w
%
s
03
J‘_’.
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S2
Input (7 Q Output
ST T

Fig. 80. Step type homn.

L AZ ool M 2 AT (step) ¥ EL AEHFEE o] L YAHSY
AEEE ZreAw $YRLI AxE gyel Atk B AP A

L5 o AL Al 7075-T651¢]13, I FRLEAQL ¥ 1149 2o}

Table 11 Specification of horn

Name of alloy Al 7075 T6bl1
Tensile strength 58 kg/mnf
Hardness 150 Bhn
Shear strength 34 kg/mr
Fatigue iirnit 16 kg/mnf

2 4gel A8E T F N FuA T
g260] & Aol A1§8 &2} WA=

29 8lE =% A48 HXgo2A =39 EPIg dsd oz w3
rast] AT F AEF ARSG.

o

B 57 YA 298 813 ¥

- 120 -



HE WIE st 29 8AME BR HXLo2M E8IAY =FY F

nol MA ¥ + YT AFAPon, m2M e ANz FRILc

[
I“TD //Mp'?
1
— N

le——0 20—+

o =~

O 60

o

3 b

\
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+
L=0jeR

= 4Rt

(=2

Fig. 81. Design of horn mounted in nozzle.
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Fig. 82. Design of horn mounted in tube.
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Fig. 83. Photograph of decomposed horn mounted in nozzle.

Fig. 84. Photograph of decomposed horn mounted in tube.
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ol o RaAe vehion, a9 ol B
Fag Gereh a9 85l w23 £9) @A 2%

lo
S
e

>

Fig. 85. Photograph of the connection part.

olelg FH 7} whE A& WYFHoW, WA Wi} wiz, Psks Faiel we

o2 F/7o JF5A(Transducer)7} o, HAEsxe] FTHEE
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- " R F2HPiezoelectric transducer)
- 9] A%z} (Magnetostrictive transducer)
5 A AEFZ
# 2} o] E (Ferrite) A+sf 2 F =}
AL 2o AF A
- A9 5 A (Electrostrictive transducer)
- Langevin X &#} F°] At}
2 43 E Langevin¥ -2 A= 35,

7}. Langevin 3% 3}

a9y 86914 B ulel Zo] Inner bolted Langevin 1 Ex= F 7)o o8& &
(G d)rtoldl =3RS malolam Fo = rol HFd e BE AAstd AF4
Ae xghe 2 £ AL AFAolH, BE HY PAo|ZE T F&NY o
A7t e E EolxE Yol glom Ego) =T

E Hdgd AM8¥ Langevin JAFAe 5AL g3 o}

- 71413 Q (Quality factor : &3] 2 A FRA2 G722 AL} =0t

- LM AHEE 4 UATHYWAHA RE 100C7AX], T8 RE 160THAS

l

549 A5t gloh).

- WZo] WA o

- JREo] 5& EEo= Ho gleoenz AFF
o] gith.

ks

A 9]

, R F ] JFd= H79 HF

- AR AAZA BluH AFFFFAME A Z] 233E 4 F Jof o] &d

A7 "o
- dudae JheiAlE Aol ¥ vl gho] HlATh

- 125 -



L}, Langevin® 5 3ol A A

T8 EAVIR 289 AFALE AAE ARE o) AAR HAY F JUEE 3
7] $18t Langeving A &x A& HdAsA

¢A ceramic AEAE WAL A/EY B3 PPoz AEett 4P 23 I
Aoz A% Ao Fith ey ¢F Pl Z5r] BB AW Ho)

< #AIE F A& TEY ¢F F5E 7Y s E IAFAE FHd A=
3 AZEHNME Has 2] gl Langevin®d AFTAE A Agels
lockg bolt24 7|AlIH oz JEstr] Wi AF 73 ZFEr & Aol 5A0)
&2 FAFA dEiM T <hHEd RHolr

259 AFAL] dREELS TIF modest I F mode’t A1 dojve B9t

)
oot
o =2
2

w2kAl Langevin A E 2] T4 9 wkx| 229 A4+E ZHAIA AAWUE AsH
T4 3 ol At met B ExeE FH FHHY Langevin I F5 %2
AAE 29 862 o]&3td

Fig. 86. Design concept for Langevin type vibrator.

__ ey ey
C C
Alz—f:: , A2= fi —————————————————— (2)
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tmFa tanFp=k e (4)
A7 p P EE, ¢ A £x, S GHE(S=S), 0 FA Fo

®, WA 1, 25 A7 A5A

o

A 1E A2x7 AZRFHYS g AE 2x2}9] £5 =T
€ st AE2Ae @REE a5 JHEIY BEE S
Langevin Z1&2ke] 7122 AAI2e]7] wjiell bolt AR i = bolte] A

A7, bolte} 27], =9 A7 F ofel 7hx¢e adlEeo] A&

Fig. 87. Sketch of designed Langevin type vibrator.

71418 A AFAre S BEdos g3 Fasot Ad &%

tlo

FA Fo

A

4

3] Z 9} LCR meterE o] £3lo] 43}

2] 55 o} &3}y Reactance® AlAbsta] A A X] 2] ImpedanceE A FAFo] WFEm=
= gt Adgol AMEF 280 AEAE M7 HEFEEo B3 AFSE7 w
Z2HA Tddo] Hu 7HEE AfstH, ATy WitAe] £33 BEANZF FAY AT

Aolm 727 878 19 ¢fxoli I FREAML F 129 U}



Table 12. Specification of bolted Langevin transducer

Model | Working | Frequency | Out Put Capacitance| Electricity
Type

Name |voltage(V)| extent(kllz) | Max (W) (pf) input (W)

2328PC| AC 220 25~31 600 BLT 3150 200

Fig. 88. Photograph of nozzle matched with vibrator.

- 128 -




Fig. 89. Photograph of horn and nozzle.
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7b =S uR 7 AAA 3 ALE
ZL9 FRAAE AEFA(Transducer)o] H713 AZE 718l Q7= &9 9

2o%E At FAEA HAA T 2o ALge] esejor Bk,

- Heagale oe
- e YI=

Z2E&9 MAE YW 9099 ol 28 kkel FHFE HXEH Fo IR
(Oscillation part), ¥2d FHFz AFAE F3AZ 5 A= dE€oz FAANAF
= SEZ 5 (Amplifier), TZ% FEIE ARIFAR vFo] JIAAdAE FFEA IF
o 7}l A ¥ Matching part) & A4 €0}

1) 23 7 (Oscillation part)
U B (Oscillation part)ell A= 28 kHzE #2337 FA|of FRsd o Fale ¥F
of #THA el HLne F Fo] A dAZ FHE FAIFEF AFF(Matching

part) 28 AFo| nlAsh Age] AL wol FER(AmplifienE 73] Fi 7]

LR FaFE WEAY 7 Fase 25F, A8 (Feed back)H = Fapel w
=g 3te] Fart viHe] T Faart daAdEE AFFHeE 3R
HHske AF At wnHe=ES dAsA =

& AEA A Fahe MR AP AEL AL & ARS AR 3
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a9 9l A R wpsh o] FFR=RE AVFHAL NIE FAI=} HAF
ARG, IR AB/ATA I EFA(Triggen)d o] AEAS] T4 F

dhlate BEoln, VR1¢ spdAg s WsAZ 4 it
AME Fare] nad W
Foz Aol SRR
2 3o, AEAE PR

...‘

i

QA 7144 Q7t Wi g2 IAFHy 7

27 AA AEHe] AFAe Sl IF
TaE 28 M ¥l wAstA d3ME 7 U=

A= vt FEAY T FaFe] RA FAHNES GAFA

tlo

H

Feed back
signal

Fig. 90. Block diagram of oscillator.
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VR1 ':

Feedback Tuning |~
signal circuit Output
Rectifier

Fig. 91. Oscillation part.

2) FZ X (Amplifier part)

29 92004 mE whs} Zo] FERL wxINolM WAH 28 kHzo FHF NBE

5 VAR AL 11 VAEE FZso EA
ZEG] dunizg AF S 3o 35 VE #FolH AEF
Zg EWA2E(Transistor) 2] #Wol=(Base)ell 7Hsld . EAA(TDE 4dd2 A
b ooluel APZERGgE 160 Vo AQo] A nE 3 HAdAGS A A
¢ FEZRo oA WA 4T Fo AHFERE PP &Y o FEHY
YEE 25641 ERNX2EE 2704 HP=2 AZF EAXN2EE Push & Fullz 25
ANRow AZAE FTEAFZ] 8 =L Age]l Yoz EWAXA(T2)NA HgS
6ul F7tAIA BEF AHAH

L
Mg
o

4

30

3) A3 (Matching part)

A5 L LCIZR o]FR APRE, AF e FAFHTL A HE &
A2 E FASIE AERe o3 & AGS TANLLEN AFXNE M w2
2EE A st FRoY £, AFASE T3P shete] ALFHQ] T
A F-3te] WFe] wi BRAR] F3Ag WEAA R AHA FRXE W, 714
A £ o TAHE FHAF g% AF A mE
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£ wg} go] WPRE L1, Cl, C2, C3 2 WEA2 FANE 2
g FAA, Csh LolE UGS P2 Qo o ARFE JARYRY ge A
ol IARNEZ RAYE BRE st AEA A WE gwe A AR
2 FAs Age] £4g HaFen AEAel AR AL@.

Eﬂ,%ﬁ#%%&ﬂﬂ-%ﬂ%ﬂ#l,H%Jivh.é%ﬂAEE@fmﬂa%
AVNETE A7) 9 Cl, 029 e YAFEZ Veld Ve YA N $18
g AEAE ¥okel wFd weh Avwasl Wz AT Fd Ax Vs
V2ol Aol MstH® wsw nge) ARAGOZA BAR s

Input

Power

Voltage
7 . 3 H i amplifier } i

amplifier

T1 T2

Fig. 92. Amplifier part.

L

1L
Amplifier Vel——
? CH

veo== Ve3—
Osc Cc2 Cc3

1l

Feedback signal
Fig. 93. Matching part.
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a8 93dAM e T EE 2¥ MM 2 FrHRE YEd F Ao JA
AAE#FS Ca+rCbolth.

SN
- 1
— Ca Cb
C1C2 CbC3
Ca= —— Cb= —
C1+C2 Cb + C3

Fig. 94. Equivalent circuit of matching part.

a9 95l M= e FA Y AFEE vEen, 29 %M E AL ALE Y
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1 2 3 PCBII
4
pogt  POWER <OUT DRIVE AMP>
<GeneraToRy| | V/R
50KS2
<PRI AMP>
CHECK out
G |T1| T2AadAd U|V 1234 > |t (oG 1234 T2
+| -
<TRIAC> |
TG35C6 DEAJEOV ~
<FET>
P450
580 T
s
400
w

Fig. 95. Schematic diagram of ultrascnic generator.
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Fig. 96. Photograph of Ultrasonic Generator.
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pRgeje] 2ol Folatk,

Fof ERolE oiFol mew ulASA v EA delztx] BAge aFwd
F 8 2 A BRYe] o guv Frnz viws Pst TAFEVAS P
o HYE WA FHEE =22 ARSGES AAE ook i,

Aol A8F nEe PRETE PAS 9oz ¥z £ FHAY & QA

Aol ek wekA Arle) 27kA BRgAel AREEH WPEYH
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Fig. 97. Detail drawing of nozzle part.
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A 53 SAFABAFAAA 9 vAHEA g IS s
A2 A8 A (CFD Simulation)

1. o]23 97
7 S Ed
Velocity
II}let
Pressure Pressure
inlet inlet
|
i
. Wall
= i
S !
4 i
< i
Pressure E : ?.Prlt;isure
inlet ~ : in
i
1
i
i
|
!
- (600mm)
Preséure
outlet

Fig. 99. Schematic diagram of computational domain.
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a9 99lE At e Uehd Hom FHAZS FHos
G FAT Aol o] AR D <kelM wZHPelM gt
Fo19} B trlgel FEEE TUOE BANE FHS 2S%E

A FRe WE2 pro] A g

e
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Fig. 100. Tip of injection nozzle.
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Zo 2 A, AA HA(AL) L
9 248 s, r w3 Zo] 300 mm, z W3 Zo] 1000 mE 3Fg o).

~B2 $F ; Water % : 0.16 liter/min

AirS-% : 70 liter/min & 1A 3\ o}

-E5 Ao HAd YA ¢
Z8-9u] 7} A} ¢ 55 micron

294724 ¢ 50 micron °|9, o] 3= PDPAC 9& A& golth
-2 (Inlet Velocity)

Air © 219.9 m/sec

Water : Entrained by the Air
-&-4 %) (Density) :

Air : 1.225 kg/m3

Water : 998.2 kg/m3
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\/ e
1. No gas 2. Water tank 3. Ultrasonic
4. Ultrasonic(PZT BLT) 5. Spray nozzle
6. Regulator 7. Compressor

Fig. 101. Schematic diagram of the experimental apparatus

Fig. 102. Photograph of experimental apparatus.
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Fig. 103. Photograph of measurement apparatus,
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Oscllator

Preamplifier ' Wattmeter

Fig. 104. Schematic diagram of experimental

apparatus for droplet clusters measurement.

2. PDPA

AXe] ANA} Sy Exo] FAFAHNE, dolHAEE FHAE o83 F3
Eig=d

PDPAZEAE ¥ 105914 YeEb AT

B 9UL Ar'(Spectra Physics, Stable 2016, @233 A= 5145 nm)E o8 %

Optical fiber® %3} $FA N F=8 Ho1AFL, $LA 2 beam separaterol] s
2709] Peoz Uyold, ¥ 17 32 me FPFoz DEAY, A=F 75 me] A
Zo o3 A 310 mel X nAES, BEF Fo FAHAAAE JATH

olml, &9 Wol= AFHE £x9 WFE ¥ F UEE, AOMSEF LA
o3 F4 H T E(40 MHz)E T}
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Fov, Az APe FAAFA 58N10 Fo] AZAH7E o] &4

ARE 3 A E 7= DANTECAF 58N10 8, FoFHIE go] 40 MHzEA, F3
FUle oldte 6% 79 dAe] 73
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- 39.98 ~ 40.1 MHz(band width 0.12MHz) -0.1 ~ 04 m/s
- 399 ~ 40.3 MHz(band width 0.12MHz) -05 ~ 15 m/s

- 39.7 ~ 409 MHz(band width 0.12MHz) -15 ~ 45 m/s

- 39.0 ~ 43.0 MHz(band width 0.12MHz) -5.0 ~ 15.0 m/s
- 37.0 ~ 49.0 MHz(band width 0.12MHz) -15.0 ~ 449 m/s
- 34.0 ~ 70.0 MHz(band width 0.12MHz) -29.9 ~149.7 m/s

=
AbR e TS BA @I, wd LEo] WAME @stshE AN FUE), =F

PDA transmitter PDA receiver

Optical fiber

PC

Signal
processor = ]

Ar ion laser

Fig. 105. Schematic diagram of PDPA,
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Fig. 106. Change of flow rate for variations of pressure of air.
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Fig. 107. Comparison of spray angles.
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Fig. 108. Group spray data of ultrasonic.
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Fig. 109. Typical atomization

phenomenon.
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Fig. 110. Atomization phenomenon

without ultrasonic waves.

Fig. 111. Atomization phenomenon with

ultrasonic waves in tube.
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Fig. 112. Atomization phenomenon with

ultrasonic waves in nozzle.
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Fig. 113. Atomization column
phenomenon without ultrasonic

waves.

Fig. 114. Photograph of atomization

column phenomenon with ultrasonic

waves in tube.
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Fig. 115. Photograph of atomization

column phenomenon with ultrasonic

waves in nozzle.
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Fig. 116. Shape of droplet clusters without

ultrasonic waves.

Fig. 117. Shape of droplet clusters without

ultrasonic waves,
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Fig. 118. Shape of droplet clusters with

ultrasonic waves in tube.

Fig. 119. Shape of droplet clusters with

ultrasonic waves in tube.
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Fig. 120. Shape of droplet clusters with

ultrasonic waves in nozzle.
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Fig. 121. Spatial distribution of droplet clusters.
A 2RO PHE FIr FEE adgstel Azrel wsi

BE 5l FelA Wakd YHT Azte] Age] weh BRFo s o

LT =]



HEct o] AL 1 120049 =4 FAF/E u)$ B AR Aoy, t=224
ms Fo& 27] Y £F¢ FAE vastd 62% F2¥ F Il

]
A% Azrel Waksh WA AHo) Fusel gastt BT UEn Aok

mm

60

- Nozzle

S5 T = Tube

50 1+ -~ Conventional
45 1 //

1 _//:///

35 1

30 ; +

2.2 2.6 3 Kg/cm?

Fig. 122. Comparison of spray columns
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3. A A

Fig. 123. Whole lattice form.

9™ 12390 At AHEd A4 ARE JEUY F AASE 34181718 YERA.
ae s, AHEA2Y) FEE Quad unstructured mesholth. #F539 WE7L & A=
JEHE =& FA% FAF F94 AXE LAY F9A AR oo

39 1249 = =8 F99 AAE g3 AoFE 2855 A v7ERA HRA

- 162 -



o) £Rztel ol AU AN AW FAEE FANAG

A

N o TR
REN Vs s

Y

T A A

A7

£

Fig. 124. Nozzle region lattice form.
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Fig. 126. Flow pattern air spray.
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Fig. 128. Velocity vector near nozzle.
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Fig 130. Atomizing form at ultrasonic

waves energy used.
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Fig. 131. Velocity distribution of central axis direction.
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Al 13 PDPA %473 2 5x9 =4

E dFgE 24 U AL AFV|fo 2 AlLHE 2-/FF =29 28 AFA
28 K A o2 =S *}%5‘}04 250 87 ARl A5 (Without ultrasound),
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Front view Back view Side view

Fig. 132. Schematic diagram of the twin-fluid nozzle.
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Fig. 133. Block diagram of electrostatic transducer.

AgAFAY AE2ME HE P BaTiOnd AEZZAE AL PZTIEC] AHE
HEd BaTiOs2 FAgFo] 120C AEE A ol AAL FAANIRA B o
g AFEx A He @Rl AdxedH ¥std PZTE FAg o] 200C oldes
Fong pPZT7 42 olgdth 53] 12 ngd ZAuw R o] Lol WF Aol
o 28 Wzol IF EAHL zx= Z2EAHNZE Langevin JFAH(Bolted Langevin
Vibration Transducer : BLT)E 7] 3% R3] &0 i IF =7 wEHA
Fdol i J%ol $stER 9y AMEE gl

gt B AFAEe 2-7F = Zgdel 7AAA AEE e A8 A
AFA 50 Wl PZT BLTE AHE3tdeh E 130 2 AMYS UEAIT.

Table 13. Specifications of the 50 W PZT BLT transducer

Item Specifications
Resonance frequency 28E£0.8 Kk
Max. resonance impedance 30 Max R
Static capacitance | 4000£7% pF
Max. operating power 70 watt
Diameter of radiating surface 45 mm
Total length 79 mn
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Fig. 134. Schematic diagram of x -type magnetic transducer.
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Table 14. Specifications of the x -type magnetic transducer

Item Specifications
Vibrator type Ni magnetostrictive
Material Nickel
Electroacoustic transduction efficiency 30 to 40 %
Operating frequency 50 Kk (Max.)
Operating input power 6 to 10 W/cen

BRaRo 7|9 £x9 &A= PDPA(Phase Doppler Particle Analyzer)& At
3t on, o] FAF A VIS Mied o2 723 Aoy, dolAd= 2
WAAA BAAHE PGt o] AANAHE
FHste PAtel o8 AT ABFE FRRAM S ] FAME AA T
o] wl Z} MMM A AEol YAE YA A7) HlHE T &Y AF 9
Faee 4R 3o wHgT. T 4TS )83y dAY AVl £xF
FAC R + P 7ol 3Y 13591 PDPAS 3 A E =43 AS o
R AT
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Table 15. Specifications of the PDPA system

Item

Specifications

Measurement instrument

2~-D Fiber PDPA(DANTEC. Inc.)

Light source

Ar-ion Laser

Shift frequency

40 Mz

Laser wavelength| Beam(mm) : Green(514.5), Blue(488)
Trag;glégting Beam separation 38 mm
Lens focal length 400 mm
%ﬁ;@éﬁ_ﬂ 173.445 pm (Aperture ID : A)
Receiving
optics Scattering angle 30 degree
Lens focal length 400 mm

High wvoltage

U1(1000 V), U2(1344 V)
U3(1400 V), U4(1000 V)

Band width 4 - 12 Mk
T e mEFELE JEste A T2 AHF YA A (Volume Median
Diameter : VMD)2 TR A =2 Al&3lx v|dstd Ao IAZNEXE =FdAT &
M3tA] @3 EZEAd =g 2md AHoA vl E 2854 mahy] wWEol
B =FdMes EFY7EY BEAY ol§ ApEstod vER AT
L APy
a7 1369149t 2ol 2-fA =T 2SI AFE JEr] st 28 ke PZT

BLT (A2)e =29 Fdo Rastyg

3,28 ke 78 A2 AEAE BEFGA A

2% AFS 71e7] S8 BREG 4719 stgo] Am T YHNE perste] WX st
AT
2-fA BE=Z 2&WE JSE 471X BHEA 2e9 HHAY FERF
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7} A Z 5 (After sonication),

EF=gd 2% A5 Ztste AP A S EF(Forcing ultrasonic), HHZFEF
MBEFE FAld 718t A& 25 ¥ ((Forcing ultrasonic + sonication)®] 4714 +
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Fig. 136. An example of adding ultrasonic energy.
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Fig. 137. Schematic diagram of the drop diameter measurement system
using PDPA system.
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Fig. 139. VMD according to the axial distance.
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Fig. 140. Axial velocity according to the axial distance.
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Fig. 141. VMD according to the radial distance at the axial distance of 200 mm.
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Fig. 142.
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Fig. 143. VMD according to the radial distance at the axial distance of 400 mm
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Fig. 144. VMD according to the radial distance at the axial distance of 500 mm.
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Fig. 145. Drop size distribution curves at the axial distance of 300 mm.
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Fig. 146. Drop size distribution curves at the axial distance of 400 mm.
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Fig. 147. Drop size distribution curves at the axial distance of 500 mm
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Fig. 148. Schematic diagram of the experimental apparatus.
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(a) Without ultrasound (b) After sonication

Fig. 149. Comparison of spray droplets at the spray distance

2500 mn from the nozzle tip.
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Fig. 150. Comparison of summation of pixels of droplets according to the axial

distance from the nozzle tip.
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Table 16. All pixels of spray droplets

2.5 m 25 m 2.3 m 2.3 m 2.1 m 21 m

Replication | Without After Without After Without After
ultrasound | sonication | ultrasound | sonication | ultrasound | sonication

1 2067 1230 2998 3501 9557 9412

2 3018 388 3486 2614 5988 13104

3 549 2135 2160 2273 5694 28759

4 404 1940 64438 2815 9142 3927

5 1058 3316 2375 4746 2266 9588

Max. 3018 3316 6448 4746 9694 28759

Min. 404 388 2160 2273 2266 3927

Average 1419 1802 3493 3190 7329 12958

S.D. 1106 1090 1732 979 3212 9423

o 30%x30 mmolWHe] 20070 AF2] A9 pixelrE HET 3
o @& FXEX=°|th 2100 melAe =& HIFRAIY FE&EF S M
B Fo ofgt ge vxdA JeEigey, 2300 mn, 25600 ol XM= 2S5

NG E 285 AANY BRAAST} HAAAD FEET Hl 3
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Fig. 151. Comparison of average pixels of droplets according to the axial distance

from the nozzle tip.

® 178 A7) aefxEe] " pixel dataE Holil JTh

- 198 -



Table 17. Average pixels of droplets

Min. Mean Max.
Replication | Treatment | Pixel Pixel Pixel S_td'. Variance | Average
Deviation
NUm. num. num.

1 1 19.32 265 36.88 1360

2 25 m 1 17.45 491 43.39 1883

3 Without 1 9.466 68 12.69 161 12.60
4 ultrasound 1 5114 27 5.291 28

5 1 11.68 59 12.71 1615

6 1 14.47 176 23.78 565.7

7 25 m 1 8.818 47 10.82 117.1

8 After 1 12.94 314 30.12 906.9 13.92
9 sonication 1 12.94 314 30.12 906.9

10 1 20.46 386 41.3 1706

11 1 13.33 382 33.35 1112

12 23 m 1 18.66 195 26.43 698.4

13 Without 1 14.48 96 18.85 355.3 14.86
14 ultrasound 1 14.86 110 17.69 313.1

15 1 13.33 382 33.35 1112

16 1 17.86 99 18.97 359.8

17 23 m 1 124 129 18.36 336.9

18 After 1 17.76 192 24.95 622.5 16.64
19 sonication 1 16.22 180 21.66 469

20 1 18.99 189 2733 747

21 1 195 183 22.59 510.2

22 21 m 1 19.52 204 22.39 501.2

23 Without 1 19.87 1879 86.91 7553 1791
24 ultrasound 1 16.34 814 40.97 1679

25 1 14.33 151 19.82 392.9

26 1 15.14 152 19.32 3734

27 21 m 1 18.37 164 20.3 412
28 After 1 21.17 374 25.75 662.8 17.52
29 sonication 1 16.62 315 28.45 809.6

30 1 16.35 249 23.49 551.7
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Fig. 152. Comparison of standard derivations of spray droplet pixel numbers

according to the axial distance from the nozzle tip.
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Table 18. Standard deviations of spray droplet pixel numbers

Replicati 25 m 25 m 2.3 m 2.3 m 21 m 2.1 m
Without After Without After Without After
on ultrasound | sonication | ultrasound | sonication | ultrasound | sonication
1 36.88 2378 22.18 18.97 22.59 19.32
2 43.39 10.82 26.43 18.36 22.39 20.30
3 12.69 30.12 18.85 24.95 86.91 25.75
4 5.29 16.60 17.69 21.66 40.97 28.45
5 12.71 41.30 33.35 27.33 19.82 23.49
Average 22.19 2452 23.70 22.25 38.54 23.46
a9 1538 a@EH W] dHe 8 Jvd FES U A @t vwsn
Ak WA 2100 moAAE 2859 1R % AAHLEr v sbA Al ALRF
Ao v FHIF FATS Bolir o 2300, 2500 mn oA = Wl =3I A YEIY
32 At ol WA HojASFE AN FAVSE o
223 AN NANAE HERT FHF A DoljBSF 2 B3 5 2
LEe BF AHE PE 2399 ARt d4ASEE FH o8 GsEwA 22
Ax =@ Rae YAFE FAEE Row ARHH, w2 FLEARE 3
2 Aoz F2HAg
E 198 472Uz WE BRIGUNY BFAAS data BolL U
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Fig. 153. Comparison of spray droplet numbers according to the axial distance

from the nozzie tip.

Table 19. Droplet numbers

Replicati 25 m 25 m 23 m 2.3 m 21 m 21 m
without After without After without After
on ultrasound | sonication | ultrasound | sonication | ultrasound | sonication
1 109 87 168 200 489 623
2 180 44 187 212 309 714
3 58 174 149 129 487 1374
4 79 148 429 172 571 245
5 91 167 181 255 158 589
Average| 103.40 124.00 222.80 193.60 402.80 709.00
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Fig. 154. Arrangement of PIV System.
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Fig. 155. Definition of measuring region.
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Fig. 156. Instantaneous raw image.

(length 400 mm, Conventional Spray, Pressure : 294 kPa)
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Fig. 157. Photo of the experimental apparatus for laser alignment.
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Fig. 158. Photo of the experimental apparatus(Flow Visualization 1)

Fig. 159. Photo of the experimental apparatus for image processing
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Fig. 161. Photo of the twin—fluid nozzle attached with vibrator

for forcing ultrasonic vibrations.
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Fig. 162. Time-mean velocity vector distribution.

(Length : 400 mm, Without ultrasound, Pressure : 294 kPa)
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Fig. 163. Time-mean velocity profile.

(Length : 400 mm, Without ultrasound, Pressure : 294 kPa)
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Fig. 164. Time-mean velocity vector distribution with raw image.

(Length : 400 mm, Without ultrasound, Pressure : 294 kPa)
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Fig. 165. Time-mean velocity profile with raw image.

(Length : 400 mm, Without ultrasound, Pressure : 294 kPa)
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Fig. 168. Comparison of mraximum velocity according to the sonication type along

the axial distance(Pressure : 294 kPa)
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Fig. 169. Comparison of maximum velocity according to the sonication type along

the axial distance(Pressure : 245 kPa)
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Fig. 170. Comparison of maximum velocity according to the sonication type along

the axial distance(Pressure : 196 kPa)
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Fig. 171. Comparison of maximum velocity according to the sonication type along

the axial distance(Pressure : 147 kPa)
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Fig. 172.Comparison of maximum velocity according to the sonication type along

the axial distance(Pressure : 98 kPa)
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Fig. 175. Averaged XY-Re. Fig. 176. Averaged Y-Re. stress.

stress.
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Fig. 181. Averaged X-Reynolds stress.
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Fig. 183. Averaged Y-Reynolds stress.
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Fig. 184. Averaged turbulence intensity.
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Fig. 185. Averaged vorticity.
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Fig. 186. Averaged turbulence Kkinetic energy.

® 20,21, 225 47b4 28 Hge) wEu 574K HAlgrEe] Abolo] uwpE 479
Gol o] oL molch

- 228 -



Table 20. Max. velocity of PIV measurement — Part 1

Case Distance| Pressure Sonication type | Temp.(T) Max.
(mm) (kPa) velocity (m/s)
1 0~100 294 Without ultrasound 22 64.157
2 0~100 294 After sonication 23.5 75.550
3 0~100 294 Forcing ultrasonic 23 67.120
4 | 0~100 294 Forcing Ult.+Son. 23~24 57.808
5} 0~100 245 Without ultrasound 22 62.672
6 0~100 245 After sonication 22.5~24 67.608
7 0~100 245 Forcing ultrasonic 23 53.681
8 0~100 245 Forcing Ult.+Son. 25 53.247
9 0~100 196 Without uitrasound 24 53.441
10 0~-100 196 After sonication 25 57.722
11 0~100 196 Forcing ultrasonic 24 59.012
12 0—~100 196 Forcing Ult.+Son. 26 63.028
13 0~100 196 Without ultrasound 24.5 37.854
14 0~100 196 After sonication 25 37.705
15 0~100 196 Forcing ultrasonic 24.5 44.408
16 0~100 196 Forcing Ult.+Son. 26 35.609
17 0~100 98 Without ultrasound 25 35.318
18 0~100 98 After sonication 26 33.502
19 0—~100 98 Forcing ultrasonic 24 35.108
20 0~100 98 Forcing Ult.+Son. 25 34.177
21 ) 100~200 294 Without ultrasound 23.5 42 674
22 | 100~200 294 After sonication 25.5 37.226
23 | 100~200 294 Forcing ultrasonic 23 45,068
24 | 1060~200 294 Forcing Ult.+Son. 23 45,767
25 | 100~200 245 Without ultrasound 25 34.503
26 | 100~200 245 After sonication 26 42194
27 1100~200 245 Forcing ultrasonic 24 33.658
28 1 100~200 245 Forcing Ult.+Son. 26 39.690
29 | 100~200 196 Without ultrasound 25 32.150
30 | 100~200 196 After sonication 25 33.940
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Table 21. Max. velocity of PIV measurement - Part 2

Distance | Pressure Max.
Case Sonication type | Temp.(T)
(mm) (kPa) velocity (m/s)

31 | 100~200 196 Forcing ultrasonic 25 28.720
32 | 100~200 196 Forcing Ult.+Son. 27 36.958
33 | 100~200 196 Without ultrasound 245 22.158
34 | 100~200 196 After sonication 25 27.265
35 | 100~200 196 Forcing ultrasonic 24 28.379
36 | 100~200 196 Forcing Ult.+Son. 25 29.741
37 | 100~200 98 Without ultrasound 24 25.221
38 | 100~200 98 After sonication 24.5 23.720
39 | 100~200 93 Forcing ultrasonic 26 24.994
40 | 100~200 98 _Forcing Ult.+Son. 27 24.962
41 | 200~300 294 Without ultrasound 23 21.878
42 | 200~300 294 After sonication 245 15.927
43 | 200~300 294 Forcing ultrasonic 23 26.510
44 | 200~300 294 Forcing Ult.+Son. 25 21.192
45 | 200~300 245 Without ultrasound 24 21.585
46 | 200~300 245 After sonication 24 24.885
47 | 200~300 245 Forcing ultrasonic 25 22.220
48 | 200~300 245 Forcing Ult.+Son. 25 19.773
49 | 200~300 196 Without ultrasound 24 19.3561
50 | 200~300 196 After sonication 26 15.535
51 | 200~300 196 Forcing ultrasonic 23.5 20.354
52 | 200~300 196 Forcing Ult.+Son. 255 16.020
53 | 200~300 196 Without ultrasound 24 23.701
5 | 200~300 196 After sonication 26 23.587
bo | 200—300 196 Forcing ultrasonic 24 18.332
56 | 200~300 196 Forcing Ult.+Son. 25 20.467
57 | 200~300 98 Without ultrasound 27 17.815
58 | 200~300 98 After sonication 24 16.617
59 | 200~300 98 Forcing ultrasonic 24 17912
60 | 200~300 98 Forcing Ult.+Son. 24 19.139
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Table 22. Max. velocity of PIV measurement — Part 3

Distance | Pressure Max.
Case Sonication type | Temp.(T)
(mm) (kPa) velocity(mm/s)

61 | 300—400 294 Without ultrasound 23 20.797
62 | 300—400 294 After sonication 24 19.240
63 | 300—400 294 Forcing ultrasonic 23 17.057
64 | 300~400 294 Forcing Ult.+Son. 24 22.380
65 | 300—400 245 Without ultrasound 23 20.282
66 | 300—400 245 After sonication 23 18.702
67 | 300400 245 Forcing ultrasonic 225 15.632
68 | 300~400 245 Forcing Ult.+Son. 23 17.409
69 | 300—400 196 Without ultrasound 25 16.328
70 | 300400 196 After sonication 245 16.245
71 | 300400 196 Forcing ultrasonic 23 13.318
72 | 300400 196 Forcing Ult.+Son. 23 16.057
73 | 300—400 196 Without ultrasound 23 16.039
74 | 300~400 196 After sonication 245 15.691
75 | 300~400 196 Forcing ultrasonic 255 15.879
76 | 300—400 196 Forcing Ult.+Somn. 25 15504
77 | 300400 98 Without ultrasound 245 13.203
78 | 300~400 98 After sonication 24.5 13.835
79 | 300400 58 Forcing ultrasonic 24.5 14.630
80 | 300400 98 Forcing Ult.+Son. 25 14.954
full 0~500 204 Without ultrasound 25 63.151
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Fig. 187. Schematic diagram of the ultrasonic forced twin-fluid
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Table 23. Specifications of the 200 W PZT BLT transducer used

Item Specifications
Normal Frequency 28 &
Admittance 0.050 S
Capacitance 25000 pF
Max. Input Power 200 W
Diameter 30 mm
Length 92 mm

B aAge) AAE3% =So] BEFJA SAHAFAE YA £47) Droplet and Particle
Sizer series 2600C, Malvern systemS AM&3tth 2238 189% Malvern systeme] €
ot

o] £# %X+ Fraunhofer 37 (diffraction) 84& ¢l &3t UBE& FAH= 7Y
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Table 24. Specifications of the Malvern system

Description

Specifications

Method

Laser Diffraction Light Scattering

Laser source

2 mW He-Ne Laser

Size range

0.5 - 1830 microns in six ranges.
Each Classified into 32 size group

Parameters measured

2¢4size less than weight in band,
%volume concentration beam obscuration,
VMD, SMD, D10%, D502, D90%, Span

Sampie method

Both Continuous and Pulsed spray.
Repetitive and single shot spray capability
powder particles.

Sampling methods

Spray type

Detector system

Solid state detector

Receiver 10U sec parallel sampling
External trigger Provided
Data display and .
recording facilities CRT display
Printer for hard copy P_rovided

Disk drive

Floppy Disk

Data processor

4836DX -2 (66 M)

. 2

3 =2Hsr) 9 A AF=E JEhAT

F&71, AejgE, AF)E e 259 FFS A
o] FAH At}
th. Malvern 2600CE 2 W9 He-Ne #o|x, W&,

2HAN e B9
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Fig. 190. Schematic diagram of the drop diameter measurement
using Malvern system.
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Fig. 191. VMD of the nozzle no. 1 according to the axial distance.
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Fig. 192. VMD of the no. 2 nozzle according to the axial distance.
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Fig. 193. Drop size distribution curves of the Nozzle 1
at the axial distance of 200 mn.
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Fig. 194. Drop size distribution curves of the nozzle 1
at the axial distance of 400 mm.
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Fig. 195. Drop size distribution curves of the nozzle 2
at the axial distance of 200 mm.
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Fig. 196. Drop size distribution curves of the nozzle 2
at the axial distance of 400 mm.
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Fig. 197. Schematic diagram of the commercial twin-fluid cold-fog nozzle.
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Table 25. Comparison of droplet sizes according changes of spray pressure(um)

spray pressure
(i) 147 196 245 294 343
spray mode
M 11.445 10.37 9565 9.375 851
Mo 8245 767 7.165 6.92 6.585
Ms 6.47 5.84 555 5,345 5.15
M 6.475 5.925 5745 5.27 5.03
Ms 858 793 76 6.645 6.22
19 199¢ ¥ 25¢ Wi e Eo|dt
WAHeE BEge] Aol W} ryoAHY UFel AL Jge 1 A
2egn ek M B2 BFEQIA0] BEFqtd uet 1A A, Mt My
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Fig. 199. Comparison of droplet size according to change
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Fig. 200. Comparison of spray droplet distribution according to the distance
between the nozzle tip and the measuring laser beam band.

(Spray pressure 196 kPa)
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Fig. 201. Comparison of spray droplet size distributions between no ultra and

ultra. (S.D. @ 20 cm)
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Fig. 202. Comparison of SMD size according to the measuring distance

between no ultra and ultra.
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Fig. 203. Comparison of the spray droplet size distribution according to the

distance between the nozzle tip and the measuring laser beam band.

(SP. : 196 kPa)
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Fig. 204. Comparison of the spray droplet size distribution between

no ultra and ultra.
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Fig. 205. Comparison of SMD between no ultra and ultra according to the

measuring distance.
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Fig. 206, Comparison of spray droplet distribution between the nozzle tip and the

measuring laser beam band. (S.P. : 196 kPa)

29 2078 719 Meol BEAT 20l 2SHI AR ©pE BFH o
EEEE vsta Q. 223 AAADb) HAAN @R REEL FA =Y
S B F U9 o] 0 &3 wirpRAle] SMDE 829w, DIV, 05l 17.78%, &
&3 ARAE 27 17m, 1653m= Jehta gtk ol &7 REUARY o
Astel AP Fa

- 255 -



108 1008
Particle size (am). 3 .

(a) no ultra

18 188 1008
Particls size (am). Y |

(b) ultra
Fig. 207. Comparison of the spray droplet size distribution between

no ultra and ultra.
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Fig. 208. Comparison of SMD between no ultra and ultra

according to the measuring distance.
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Fig. 209. Comparison of the spray droplet size distribution according to the

distance between the nozzle tip and the measuring laser beam band.
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Fig. 210. Comparison of the spray droplet size distribution between

no ultra and ultra.
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Fig. 211. Comparison of SMD between no ultra and ultra according

to the measuring distance.
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Fig. 212. Comparison of the spray droplet size distribution according to the

distance between the nozzle tip and the measuring laser beam band.
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Fig. 213. Comparison of the spray droplet size distribution between

no ultra and ultra.
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Fig. 214. Comparison of SMD between no ultra and ultra according to

the measuring distance.
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Table 26. Comparison of droplet size between no ultra and ultra according to

changes of spray pressure {um)

Pressure (kPa)
196 294 392 490
no ultra or ultra
no ultra 12.33 12.39 12.55 12.25
ultra 11.83 11.925 11.96 12.03
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Fig. 215. Circuit diagram of master oscillation generator power amplifier
formulation in electrostatic transducer.
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Fig. 217. Photo of the Ultrasonic generator(old type)

Fig. 218. Photo of the ultrasonic generator{portable tvpe)
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Fig. 220. Photo of the ultrasonic generator(design 1)
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Fig. 222. Photo of the ultrasonic generator(the completed design)
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Fig. 223. Experimental ultrasonic cold-fog machine.
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Fig. 224. Schematic representation of the model plant.
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Fig. 225. Schematic representation of sampling points in the greenhouse.
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Fig. 226. Relation of concentration and maximum absorbance.
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Table 28. Temperature and relative humidity in the greenhouse

Conditions Temperature(C) Relative humidity(%6)

) 1 24 59
Without

It d 2 23 47

ultrasoun 3 o p

1 24 62

Ultrasonic 2 23 46

3 23 48
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Fig. 227. Schematic diagram of the image processing system.
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Table 29. Specifications of the image processing system

Item Maker Model Specification
Microscope Dong Won 451%5_%,1‘ Zoom . 7TX~45X
CCD camera Sony SC-ST70 768(H) X 464(V)

Image grabber | . D3R, | DT3155 640 % 480, 8bit, B/W
Post processor Matrox Inspector Image Processing Program
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Table 30. Temperature and relative humidity in the greenhouse.

Relative humidity(24)

56
57
58
63

66
60

59

65

Temperature(C)

2b
24
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25
24

24

26

23

Conditions

Without
ultrasound

Ultrasonic
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Fig. 228. Schematic representation of sampling point in the greenhouse

(direct wind-affected region).
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Table 31. Droplet quantity adhered on the slide glasses in 5 hours after

spraying
Droplet quantity (ml)
Location Upper side Lower side
uggﬁ% d Ultrasonicated u}g_g?g&lrtl d Ultrasonicated

la 0.0105 0.0108 0.0012 0.0012
%a 0.0116 0.0111 0.0014 0.0014
3a 0.0129 0.0133 0.0010 0.0010
da 0.0118 0.0105 0.0004 0.0004
1b 0.0336 0.0295 0.0027 0.0026
2b 0.0187 0.0158 0.0020 0.0017
3b 0.0144 0.0145 0.0009 0.0011
4b 0.0118 0.0109 0.0012 0.0011
1c 0.0103 0.0120 0.0013 0.0013
2c 0.0117 0.0146 0.0013 0.0013
3c 0.0134 0.0134 0.0009 0.0010
4c 0.0103 0.0113 0.0004 0.0006
Sum 0.1708 0.1679 0.0148 0.0148
Average 0.0142 0.0140 0.0012 0.0012
S. D. 0.0065 0.0052 0.0006 0.0006
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Table 32. Droplet quantity adhered on slide glasses after 5 minutes of

spraying
Droplet quantity (10 “'me)
Location Upper side
Without ultrasound Ultrasonicated
la 185 41
2a 754 45
3a 205 21
4a 9 7
1b 24462 4582
2b 829 277
3b 135 13
4b 10 14
lc 26 8
2c 236 29
3c 56 8
4c 12 3
Sum 26919 5053
Average 2243 421
SD. 7003 1312
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Fig. 239. VMD of ultrasonicated spray deposits
in the greenhouse. (direct wind-affected region)
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Table 33. VMD of deposits in the greenhouse (direct wind-affected

region)

Locations Without ultrasound(gm) Ultrasonic(zm)
1d 135.2 71.0
Z2c 476 36.1
2d 61.5 61.3
Ze 487 63.3
3b 35.4 215
3c 40.6 37.0
3d 426 25.8
3e 38.6 26.1
3f 22.6 20.3
4a 18.8 228
4b 16.5 171
4c 28.0 19.1
4d 28.6 24.0
4e 24.3 22.9
af 19.0 176
4g 150 14.8

SUM 623 500.7

Average 389 31.3

S.D. 28.9 179
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Table 34. The result of measured electric energy consumption

Electric energy consumption(kW - h)
Replication
Without ultrasound Ultrasonicated
1 1.11 1.22
2 1.11 1.23
3 1.12 1.23
Average 1.11 1.23
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