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<SUMMARY>

| FENE | B-03

Purpose and

Contents

Development of laborsaving bud and flower thinning system using a pulsatory direct water
spraying method for peach cultivation.

Establishment of used technique for a newly developed spraying system
Improvement of farming competitiveness by producing high quality fruits and reducing cost savings
1) Development of laborsaving bud and flower thinning technique

— Development of used technique for a pulsatory direct water spraying system
— Examination of its effectiveness by field application

2) Development of laborsaving bud and flower thinning system

— Development of a pulsatory direct water spraying system

— Evaluation of its basic performance

Development

results

[Main research team : Development of laborsaving bud and flower thinning technique
(Gangwondo Agricultural Research and Extension Services)]
— Investigation of morphological and physiological characteristics during bud developmental stages in peach
— Development of laborsaving bud and flower thinning technique for direct and pulsatory
direct water spraying systems
- The effects of differential pressure application on flower thinning and fruit characteristics
- Investigation of flower thinning and fruit thinning rates by nozze dianmeter, spraying direction and length.
— Field application of direct and pulsatory direct water spraying systems.
- Investigation of productivity and cost savings effect
— No. of registration and application of patent : 10 (international patent application :
1, national patent application : 9, national patent registration : 6)
— No. of technology transfer : 9 (license fee : 13,780,000 won)
— Total sales : 30,800,000,000 won — Farming dissemination :
— Labor saving rate : 83.9% — Productivity growth rate :
— cost savings rate : 78.1%
Cooperative research team : Development of laborsaving bud and flower thinning system for peach cultivation
— Morphological characteristics and performance test for newly developed water spraying systems
— Mborphological characteristics and performance test for direct and pulsatory direct water spraying systens
- Setting of optimum spray condition by testing the spraying distance, nozzle diameter and etc.)
- Investigation for effectiveness and main characteristics of newly developed water spraying systems

300ha
24%

Expected

Contribution

— Technical aspect

- World's first patent registration about direct water spraying systems
- Improvement of effectiveness during the use of direct water spraying systems by setting
up optimum stage for field application

- Reduction of labor costs regarding bud and flower thinning in peach orchard

- Improvement of productivity with large and high quality fruits by early removal of bud and
flowers

- Enhancement of competitiveness for peach farms

— Economical‘industrial aspect

- Improvement of national prestige by world's first development of labor saving bud and
flower thinning systems for peach cultivation

- Generation of substitution effect regarding agricultural machines for removal of bud and
flower thinning imported from other countries

- Establishment of laborsaving bud and flower thinning system

- Improvement of income and expenditure by enhancement of productivity

Keywords

peach flower thinning | jet—injection press thinning flower
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1
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(Al 1A% St & A3r< /g, 4=

AN 253 AR le g

il

70,

R RS
A
= -

170k 9% 17D, C type (

L
A
= -

Ze 270 Akelell die 17D, B type (
D type (9% 170), E type (n]=& +)

- A type (

45cm), &A1 (30 ~ 45cm) =
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A=

qxf) /!9 ;Ll_,

15. ol 744 Lol #7

¥+ (mm)

7] 0] o Zlo] B2

) & 6.4a 3.0a 5.3a 1.2¢
EFAL 6.6a 3.1a 3.9b 2.0a

tfj o727 6.9a 3.1a 5.0a 1.3bc
JHT = 6.4a 2.9a 4.1b 1.6b
AFEme 6.6a 3.1a 4.0b 1.6b

=)

8
il

q
-

)
\]
o

5 5EFO ¥ 4olE 6.4~6.9mm, E 2.9~3.1mme|Q 1, ¥
4

mmo| A+

% 2. ol F5H AAAY = FE A v &
49449 A O E DEH NE (%)
e (cm) A B C D E
ks 55.1+14.1 24.3¥3.2 10.1£1.6 15.1+25 17.8+2.1 32.8%4.2
EHA 53.7+07.2 452+4.6 6.7+2.1 19.0€3.1 10.2+25 18.9+3.8
oy 46.7£12.6 41.8+3.5 155+1.8 7.9%1.9 13.9+29 20.9+4.4
SJHEE  59.8+13.3 46.0%4.5 10.3+1.6 7.2+1.4 7.6+1.9 28.8%4.0
AZEWE  66.4+135 56.3%45 11.0+1.7 7.2+1.7 7.0+23 185%3.7

— +59H A type ATEWE 56.3% > oA

71 41.8% > W3 24.3% <oA=

=% 46.0% >ZRAF 45.2% > thEolrhz~
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— EEW D type U3 17.8% > o7 13.9% > ZHA 10.2% > JAZE
76% > AEEWME 729 o]
— uggRe ud 32.8% > o

=5 928.8% > Uo7l 20.9% > EXHA}
18.9% > H=xwx 185% +o|d&

3. ol FFH AyA do] L vE

S g AHA Ao X vE (%)
e < 15cm 15~30cm 30~45cm 45~60cm
n| s} 33.31£3.4 39.0t2.4 19.0F2.1 8.712.5
&AL 47.4+3.8 19.8%3.3 21.1+2.3 11.7£2.1
) o722 7] 55.0%4.2 28.074.8 10.0*3.8. 7.0t2.6
T 68.7%+5.1 23.3%4.2 6.5£2.2 1.5+0.8
AT Ed e 51.7£3.8 18.8+3.3 21.0£2.3 85%1.2

H R < w|gto] @32 39.0%, 353 EHA] 33.3%
5 4EZF0 FEAUTA] 47.4~68.7% 2 7HE Wo] B¥EY A,
o7tz 71 ¢t Ml FEe GAA 23.3%, 28.0%°101L, EFAS AW e

L.

SHA7F 21.0%, 21.1% ol 9+

i 4. Beol #F4E 35 @A (15em olshE & FH EX BlE

- FEHA vE (%)

e A B C D E

) &} 5.9+0.7 2.4%0.4 37.2+2.0 16.2£1.2 38.3+t2.4
A 15.9£1.0 3.8%+0.3 62.1+2.6 1.4+0.6 16.8%+1.0
2ol 7]  25.1+1.2 3.8%+0.9 54.0£1.9 8.8%0.7 8.3+0.5

NHAT= 21.1+1.5 3.9%10.5 54.7+1.9 7.0£0.5 13.3+1.6

AZEe 23.2+1.4 5.8£0.5 53.2+1.5 5.4%0.6 12.4%0.7
sh& dx e F5E w JHZA HES C type wFAF 62.1% > NAF
54.7% > W)t 54.0% > AZEWME 53.1% > ZHA} 37.2% —rolﬁ%

— D type & "8} 16.2%, t=ol7t#27] 8.8%, NAFE 7.0%, AE% 5.4%, B5A}

"5 38.3%, EH-AF 16.9%, NHdF%E 13.3%, A% 12.4%, o7tz

A Zs (A, B, C type) ¥E9

—

TE, ATENE FF
8.

el
o

Mo
>~
o
=
Ao
o
o
N
%
N
2
rzi_ll

5
Bx= 79%01%4 o9, dF (D type) 2

X S 8% o3+
— n|3 F2X2 ZF(A, B, C type) 45.5%, v|dZF(E type) 38.3%, G+ (D type)
16.2% <ol
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% 5. HFol FF I} (15~30cm) ™ = FE +X v S
— 394 8 (%)
e A B C D E
e 126512  4.6+0.8  33.3+28 159+21  33.7+3.1
BRA} 93.042.6  49*14  395%30  7.5+1.0  25.0+2.3
teolstzs] 346419  157+15  27.5+24 8612  13.7%17
HEE 197424 5610  298%25  6.3+1.2  38.7+3.8
AZEWME  954+26  12.6%0.8  25.9+29  9.0+1.2  27.1%+2.0
77.7%, 552t

- @A FFE ¢ B¥HES Ew (A, B, C type) WEoptzr
A

|
67.4%, A% 63.9%, © fﬁ_ 55 1%, 1% 50.4% <°l3laL, A (D type)

& W& 16.9%, 1 & T 4FFE 7.5~9.0% Tl R E type) S i
T 38.7%, VI 33.7%, AT 27.1%, BHAY 25.0%, &) 13.7% w005

. - = FEHA v& (%)
v A B C D E
) & 15.8+2.4 8.3+1.1 19.9+2.7 13.0£2.8 43.0£4.0
A 31.2%+4.0 10.5+1.1 23.1+3.8 11.3%£1.6 23.972.8
Lozt 7] 31.5%4.1 10.5+1.7 16.1+2.2 13.2+1.8 28.7+2.6
NHFE 29.1+3.6 11.0£0.9 15.2+2.4 9.5+1.9 35.2£3.7
HAEEWE 24.8+3.0 15.1£1.3 19.6+t2.1 10.2+1.3 30.3+3.2
- A9 #FFH A, B, C type w¥HELS ZEFolA FHAF 64.8%, AFLEWE
58.2%, Wol7t#:7] 58.2%, NHEE 55.3%, "3 44.0% o], D typ %
u)3 13.0%, o7t 13.2%, ZHAF 11.3%, AFEWNE 10.2%, oA
9.5% 0], E typed "3 43.0%, NHFE 35.2%, AZEWE 30.3%, ﬂi%
ol7}#4 7] 28.7%, BHA} 23.9% 0] S
— &G A (15cm ©lsh) 7FAM = C type FEIZF 50% WSal, ©@aA]
(15~30cm) 7FAelM+= C type 30% Wi, A type 20%HLIRA 1, F3}H|

(30~45cm) 7FAlol A= A type 30% W91
— e x| oA 23.9~43%,

= =

2 A

, A type 17% U992
G}X] 13.7~33.7%, 3+EATIA = 8.4~38.3%
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=
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B, C type
1.2a
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1.1a
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2

5% %A A type A

=
1.4kg > W]

of H

]

A type
1.3¢
1.5bc
1.7a
1.4bc
1.6ab

- 19 -

2 1.1 ~1.27kg 2 & A type

=
=
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]

B4
[e)
=
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n 25 L1 25
m B m I T 15 B
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A EANY
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EAY TAY
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35 l s
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~ 25
m 45
1H 20 = R
HK 3l
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T4 18, Hsol Eir weg7] 4 AT W3}

_20_




B3| (mm)

90 -
g0 -
70 -

50 -+
40 -
30 -
20 -
10

D_-_-..-—c.—ﬂ

B&37| (mm)
c588888388

—-—%l[}l

-——
=5

— el —— -

4f4  4/8 4712 416 4720 4[24
a4/4  4/8 4712 4f16 4720 4[24
AL
ZEAFY
- ol - Bl
a0 - 90 -
80 - 80 -
£ 70 4 T 70 4
E 60 - £ 60 -
— 50 ™ 50 4
m 40 | m 40 -
dH 30 JdH 30 -
Bl 5p . 81 50
10 A 10 -
D_-—.—‘-—-—l—-l" O_h—-.——-——-l
a/4a  4/8  4/12 4/16 4/20 4[24 afa  4/8  4/12  4/16  4/20 4[24
AU AP
— otz - JHlTE
90 -
80 | —=—ZIO| —e—= =
= 70 -
g 60 1
— 50 -
M
m 40 -
JH 30 -
En 2{) .
10 -
o - — iy — o — —{
a/4 48  4/12 416 4720 4/24
ALY
- ATE ZEFSCH (AT BUigepo | Colde
TR 19, Heol = IS A 2] W S Wsk
- Bl B3 Qo) WS wolo ARy FAVAAE G Lolst &Ko
2 AlFEe] 30mm Wiele A2 AlFsttrE AskAlFE Qo] dEHE Ao
A

_21_




A
o
o

2) ARAL BREAL o] Laol HHI)& A
Oh AR} BRAL o1§F Ae A
h= [e]
= =

- ol B ARAL BRAS olg3e] HrleS AUsuA O FHRRIY Y
(1 MPa, 2 MPa, 3 MPa) 24 @ #2A 2749 g8y @ 84 w247 4

4
@ ARAEREAY DS A 49 T2 TS LA

Tk 7]
66

A 01~709A = o]

ot el T A A5g (%)

o 2o} B Z47] ZER

(MPa) 01) 57) (59) 61)
1 4.6%=7.3 46.5*t7.1 50.8£13.2 60.4£9.7
2 h.2*x2.1 60.5%£9.6 62.5%£3.3 68.1£8.1
3 21.7£6.2 70.3£5.6 80.9£11.3 95.4£8.4

x« = Z=AZ 2mm, ¢4E 34 8.5mmX50m, FAFAE 1m

- SYEF7] 4o Tkl wetd Asla s FUEHA, o]l BET|oA A
2

— orgy ASAA o WE A& 60% oS 1MPa W7], 2MPa, 3MPa A&

— 2MPa oA+ +&7] 60.5%, /NSAl 62.5%, THN7] 68.1% % FEFRE=
257 70.3%, /N3tA] 80.9%, W7 95.4% % EFES

%9 TYHENY] 4EHE ol v ISUAE AP HFENE)
A7 dSAE 4498 (%)
bl kol 7] 4 7] N BFA]
(01) (57) (59) (61)
1 MPa 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0
2 MPa 0.0£0.0 3.3+1.8 7.2%4.2 8.4+3.8
3 MPa 12.1£15.3 34.7+8.5 84.4+t11.8 93.4+6.8

* =7 2mm, 8.5mmX50m, ¥AFAE 1m
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THEFY] g HgES 10MPa oA= ol ~ UP7H7]7J};<1 0.0%°] 3 2,
2MPa oAM= #&7] 3.3%, N3A 7.2%, A7) 8.4%°130 1, 30MPa oA=& 2
o}7] 12.1%, 257 34.7%, 7H§}A] 84.4%, W7] 93.4% % L}E}MU
et AgE AP9Es 44 18T B 2MPa°ﬂH 3L 60.2~82.1%, A4
& 0.0~8.4%0% AA gHoz FAFES]
3MPaclA &= A3E 70~95.4%, A4 347 93.4%% AP&o] J=
oty 9% HIAA = 59 F2-&o] Yt
IMPa°llA+= A3& 46.5~60.4%, A44E 0.0%= A3F&0] Sk

|

sl

# 10, A2AR A A g ol o BEHAE A3 (RN E)
e A Hakg (%)
A A B ol 57 ZA7] A
(01) (57) (59) (61)
= W 0.0=0.0 10.3*t3.4 29.3*5.1 39.317.1
S B 0.0=0.0 13.3*2.9 36.1T9.4 46.1T9.4
g W 11.9+4.2 61.1+5.8 65.0%8.1 68.3T9.4
F SHRTY] 4d ¢ 2 MPa, 29414 : 1m, w =474 2mm

TR e FuEe A Askge woly]~ w7 7FA] 0.0~39.3%°19 1, SH
Wk #27] 13.3%, /N3A] 36.1%, 7] 46.1%°)1 =

oAubgko A AFE FE7A 61.1%, /M3 65.0%, WH17] 68.3% o105

A EAE A WA AR AeEe] owbekel A sk AlelA A gkgo] ¢
3 Ao R VYEye

ol
o EEEAE 498 (%)
Ao Ast B o} =57 A7 N 3kA
(0D GYD) (59) (61)
= BT 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0
SRR 0.0£0.0 0.0£0.0 6.51.3 7.8£3.1

2.2+0.5 7.11t2.4 8.9t3.4

ZARAL BEAC weke ek A P&S Wby~ w774 0.0~0.0%°] )
1) 6 M7 7.8% °|RS
oAu}akol| Al A s BII)A 2.2%, MEA 7.1%, T/07] 8.9% ©|9<

‘m
NS
=)
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o W

— mebd ARAF BFAY

& 2202 AIA AzHo] LIPS

* 12, ol v wEWEAC] M S A3E TRy
=27 o WA A5E (%)
ot TE7] A7 ek
(mm)
(0D (57 (59) (61
0.9 0.0%0.0 8.6%2.8 40.0%2.6 52.0+3.1
1.5 4.0*+1.3 17.3%3.1 47.6+2.2 59.2%4.5
2.0 5.2+2.1 60.5+3.8 62.5+3.3 68.1+3.5
2.4 8.63.7 69.3%5.0 70.8%3.2 83.8%4.6
3.1 3.8+1.7 53.2+3.6 55.811.6 60.2%5.3
FHETI] 4H 02 MPa, A L Im, ARAR S o] 0

N
N
ol

I
]

Yol mpebA A& S7EEY, 252474 2.4mmelA FHS 9l
3.1mmolA tA] Aashs AEFC R YER S
62.5%, W71 68.1% <01}

— =27 2. 4mmeld AL £357] 69.3%, N3] 70.8%, TH17] 83.8% oS
— W EHEIEL7] 2MPa, EFAE Imold AF ==L 2.4mmolA Adkgo] &
TR

E 13 wSdAe] B Heol v THEAE AdEGHTRENE)

=27 A FEAdAE AY9S (%)

(mm) wrol7] (01) 827 (57) ZX7] (59) A (61)
0.9 0.0£0.0 0.0£0.0 3.1+0.2 5.24+0.1
1.5 0.0+0.0 3.1+0.9 5.2+0.7 7.4+0.2
2.0 0.0£0.0 3.3+0.3 7.2+0.7 8.4+0.4
2.4 0.0+0.0 4.2+0.2 8.1+0.4 9.5+0.2
3.1 0.0£0.0 4.0+0.3 6.3+0.5 5.8+0.1
ZHREY] ¥ 2 MPa, %74 @ 1m, =27 2mm

— wZA Ao F7Hge weld dF9ES F/HEY, 22374 2.4mmeld FHEES o] F

b
bt
N
oY,
2
>
rlr
Y
2
kS
S
%
w
w

b, B 7.2%, W07 8.4% %019<
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2.4mmeolA] AYE-L B37) 4.2%, N3] 8.1%, W7 9.5% w0]9-&
— A FHERE7] 2MPa, 5 AY ImolA A x=EL2 2.4mmolA Ao 10%

170 1-= -1 A

RPN =47 (mm)
(m) 0.9 1.5 2.0 2.4 3.1
0.5 32.7£2.6  60.2£35  68.8%22  735%t1.7  75.2%1.3
1.0 8.612.8 17.3+3.1  60.5+3.8  69.3+5.0  53.2%3.6
1.5 1.8+2.0 15.2+2.5  56.2+3.2  64.4+23  42.5+3.6

0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0

TFF AR g

Fol i g7 oA FFAEE HAAAFE AslEo] TAassle
S0l AzFE 60% oV EHAZ 0.5m o =27 1.5m ~ 3.1mmoIYy, 57
? 1.0m =27 2.0mm ~ 2.4mme|%7, 1.5moq =ZA7 24mm= VePgs

(m) 0.9 1.5 2.0 2.4 3.1
0.5 16.2+1.2 15.4+1.1 16.3+1.4 20.1*£1.4 28.0*£1.5
1.0 0.0+£0.0 3.1+1.4 3.3+1.1 4.2+1.1 4.0+0.7
1.5 0.0+0.0 1.2+0.2 1.5+10.4 2.1+0.2 1.2+0.2
2.0 0.0+0.0 0.0+0.0 0.0+0.0 0.010.0 0.0£0.0

« THEILY] o 1 2MPa, W 1 JpA AR oJubek
— ol ir BEU)oA EREAR Y HAAFE A8 AR
- APgL BEAY 0.5m oA 15.4% o)elal, EFAY 1m ololME BE w=37

AollX AYE 4.2% o|e2 ZAE IS
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E 16, 778 W =E2A A e ool Ev T4V ©A AsEFHFEN )
HH 3] =474 (mm)
(m) 0.9 1.5 2.0 2.4 3.1
0.5 543121  61.8£27  728%22 82313  922+38
1.0 100126 47622 62533  708%32  558+16
1.5 0.0£0.0  82+3.1  59.2424  68.6+39  46.2+3.7
2.0 0.0£0.0 00100  101%21  19.1£37  11.2%27
Tl 4 0 2MPa, W 0 7EAIAFREE] e
— BEol Eir FAVICNA AR dojdaE Aghgo] A
- FA7] A3 60% ol HEAR 0.5meld »=Z274 1.5m ~ 3.1mme]3, A
7 1.0m =274 2.0mm ~ 2.4mm°]%l1, ¥5FAE 1.56meld =Z274 2.4mm= e}

25 wEA (mm)
(m) 0.9 1.5 2.0 2.4 3.1
0.5 283°2.2 302120 304%10 33416 404+1.3
1.0 31404  52+07  7.2+07  81%+22  63+0.9
15 00400  22+18 42418  51%20  3.2%08
2.0 00400  00+0.0 0000  00%0.0  0.0+0.0

* FHETY] 4F 0 2MPa, W IPAAE] AW

— Bgol i F AV A BREAIE WA
— AgEe BEAT 0.5mollA 28.3%01 40191, A7 1m o] AtollA]
oA A 8.1% olstE FAME S

A =Z47% (mm)
(m) 0.9 1.5 2.0 2.4 3.1
0.5 60.5%£0.8 67.4E£2.2 80.2x1.1 91.7£3.5 95.4*1.2
1.0 52.0£3.1 59.2%x4.5 68.1£3.5 83.8£4.6 60.2£5.3
1.5 29.4%+2.7 30.0t2.4 64.6%+1.2 73.813.8 43.3+3.4
2.0 0.0£0.0 0.0£0.0 29.311.4 42.3£2.0 28.812.4

* THET7] 48 @ 20MPa, Wk - 7FA| Rfge] oAnkek
— EFol L JNstA oA EFAR T oA s Astgo] A S
— A3k 60% o +5AY 0.5mold =527 0.9m ~ 3.1mme|3la, ¥5AE 1.0m
2.0mm ~ 3.1mm°]|%2, =542 1.5molAd ==27 2.0mm ~ 2.4mm= e}
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—

B

3.1
54.0t1.6

2.4
48.4%+1.7

2.0
45.4%+0.9
8.4%1.2
5.2%11.0

1.5
40.2*t2.1

0.9

33.311.2

(m)

0.5

5.8+£3.0
3.1f1.5
0.0£0.0

9.50%2.1
6.210.8
2.1+0.9

7.4%0.9
0.0£0.0
0.0£0.0

5.2%0.5
0.0£0.0
0.0£0.0

1.0
1.5
2.0

1.2*1.0

ojn

AsE71ell A A2 7F Hol

T—
=

- Bgpol %

F712] 0.5mellM 33.3%C1d010aL, 52 Im o delr=

=]
fLS

EREaey
oA AhE 9.5% ©l

Z o]
&

P2 AR S

)

NS

w718 1~ 1L.omellX A gta&ol

$2A S F HAu

IR

ojn
B3
—_
1o
3
=0
X
q OU
() MM on
T OB
g F W
) Mo W
S
ok W Mo
No =
g )
o
of T .
oL ome
R
wm K
~ & X
<
i
E.W -
D
Ex &
NIRRT
N o o
ol oy T
N o =
H He o
o 5o
R Lo Lo
o om g

2 8.5mm X 50m, ZFAHEH

S

ok
ol

— FEET7] 20 MPa, &

T 7]

66

il
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¥ 20, EFol #5E v ISdAE Jst A3
Hool 7 g uk (9.d)
zx ulo} 7] R Z 7] N 3HA| T 7]
(01) (57) (59) (61) (66)
u] g}k 3.30 4.09 4.16 4.19 4.21
BHAF 3.28 4.08 4.15 4.18 4.20
) So7h 22 7] 3.28 4.08 4.15 4.18 4.20
fHTE 3.30 4.08 4.15 4.18 4.20
AETaT 3.31 4.10 4.18 4.20 4.22
* wZ27 2mm, ¢E 325 8.5mmX50m, wAFAE Im
— BSol FEd dlolyl= 39 30974, BV 49 997, FA7E= 4€ 15974,
MaA= 49 1847, W7 = 49 219402 HS=8 S
E 21 Aol M2 kg
T 238 (%)
T
A5 ) 5} THEAL o2l JHFTE HAFTENE
=4 3} EMX7] 89.7t0.3 91.1+49 91.9*t1.7 88.2+t5.9 92.1*+0.9
33 A vl - 90.5+3.3 93.4+3.3 91.8*1.3 87.8t5.3 93.0t2.4
— = A3IA7I= AskA 7Te AAjedar, 42k #F5E 2E2 88.2~92.1%= &
A Z3&3} 2ol 7F A=
100 100
—— E =3  --e-- 2l XY bl ——@ BB - 2 Xj B
80 80
E 60 E i -
L;E‘l_ 40 :__’g'l_ 40
20 - 20 -
o o
5/15 5/30 6/14 6/29 7/14 5/15 5/30 6/14 6/29 7/14
AP AP
n gk 331 v n| gk ¥} )
80 100
—— 8=t - ZHEXHY eo | T BB - EHATHY
— 60 1 —_—
= Wr a0
_F:T 20 T‘T >0
0 o !
5/15 5/30 6/14 6/29 7/14 7/29 5/15 5/30 6/14 6/29 7/14 7/29
= AP T AP

A AL vl

BAb 9=
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R __._ 2 L (O ﬂ oy
- 1 g ol | X i 1/L ol pr/e el | X
P C R 7 2| oy oF
i M= 62/9 4 6¢/9 M )
o ! I £ o W off
o \ 5 o ¥1/9 p1/9 Mo
o « o] oI M o -~
\ = N __ e/ ogfs | B R i
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cogocooooag ! 0 m % m m m ] E.._ ] i
g9 c8gogdcg I o
hadma A = Nfo g B
(ww) Edr el .
(ww) &4 - "
CURGY
- Moo T
d 82/ gz | M <
5 Ny
i3 2 ET/8 £1/8 | Mo o m@
7 = e
L 6Z/L 62/t L, o
i o N oy O
! e &l v1/L Bl | &S
| 5 R 7 LT %
i = K 629 i 6z/9 K1 = ™ s
i ° = e
o o r1/a p1/9 y -
@ 0E/S = Mo
og/s | T
< i b3
-
_ @ 58 sis  |=r
o o blo
@ _z.ww_ .
s (ww) T ol G
_

e A3

= A3} B:
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3220 FRAE AP Bl Al i S 2AL

AREE 9S8 Gebmm (o o a
=23} i 259.1a 0.5a 11.7a 0.5a 203.3a
=243} FA7] 254.1a 0.7a 10.4b 0.4a 200.7a

22y A al - 205.6b 0.5a 10.2b 0.7a 182.7a

- & A3 BE7] B 259.1g, D& 11.7° Bx, A% 0.5%°1%0 3, F47) 3F&
254.1g, 9% 10.4° Bx, A% 0.4%°]90&

— A o] = HFA 2E7] BT 26.0%, TES 4.9% SUelaL, $417]
HF 23.6%, TEE 1.2% S7HEAS

3230 disopzr] Ay Bl AHsA el wE A5 AL

2 gy i:% Ses AE %;LE A% AN/
A S (g) (kg/5mm) ( "Bx) (%) &)
= A3} 2327 252.1a 0.9a 13.7a 0.7a 182.7a
= A3} Z 7] 249.1a 0.8a 11.9b 0.7a 183.3a
33 7wy — 214.6b 1.5a 11.3b 0.7a 183.7a
— B AN BE7] BFS 252.1¢, 95 13.7° Bx, A% 0.7%°)9 1, 47 =&
249.1¢, 9% 11.9° Bx, A% 0.7%°]9%
— B ] E ZHIA B2V HE5L 17.4%, BEE 21.1% Z7VetR oL, FA47)
B2 16.0%, 5= 5.7% =715 %S
¥ 24, ‘NH TR Ay g Asia 7)o e FAEA] FA}
qappy A % A g5 A AR
A5 A (g) (kg/5mm) ( °Bx) (%) )
= A3 37 425 7a 0.3b 11.8a 0.5b 186.0a
= A3 T4V 413.8a 0.3b 9.1b 0.9a 184.3a
dsyAn - 376.2b 0.5a 10.1b 0.9a 183.3a

- & AglA &7 HF2 425.7g, = 11.8° Bx, A% 0.5%°1%14L, F47] 3%
413.8¢, 9% 9.1° Bx, A% 0.9%°]%

— @A v B A3 B2E7] F5 13.2%, FEE 16.6% 78R, 47
HELE 10.0%, FE= 9.7% #4239

%)

flo
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¥ 25, ‘ATEWE A 9l HsAl7)e mE JAEA AL
EER I o e Ghs BE AR AnE
J S5 A () (kg/5mm) ( “Bx) (%) o))
= A3} 7] 427.3a 0.2a 13.6a 0.8a 152.0a
= A3} F47) 373.8ab 0.3a 10.4b 1.1a 153.0a
38 2wy - 364.7b 0.2a 12.6ab 1.1a 150.3a
— = A3A +F7] PF 427.3g, TE 13.6° Bx, A% 0.8%°]%aL, F47] 5
373.8¢, % 10.4° Bx, A% 1.1%°19<
- W‘“XHHH e & A3 BEY] BFe 17.2%, FEE 8.4% S/MeSla, 47
Z2 11.8%, 5= 16.2% 1239
%26, FHAP A3pgH 2 ASA| 7)o mE A&
. Wi g 3= 8 (%)
Z—Jﬁ'ﬂc}]ﬂ Ag [e) D]’ﬁ]
= < 200g 200~250g 250~300g 300~350g  350g <
=43} H357] 9.2 38.6 40.6 6.3 5.3
=243} ZF 47 20.4 30.1 26.5 19.4 3.6
b3y 2wy - 46.6 31.9 17.6 3.4 0.5
— B AFA BIE7] FFH]EL 2502~300g 40.6%, 200~250g 38.6% wo|Qa, F
7] 200~250g 30.1%, 250~300g 26.5%, 200g ©]3} 20.4% 0|3, 3 A n)
L 200g ©|3F 46.6%, 200~250g 31.9%, 250~300g 17.6% ©]-&
— WA ¥ 250g o) I AES B A3FA| &) 52.2%, FA7] 49.5% ©]
A=
— Ay Au thu] 250g AR &S E A3 2] 2449, FA7] 2.39 F718ES
o
¥ 27, ‘USoptzr] Ay W A siA 7)o upE HF YA &
2 sy . »f—‘g A A 71 AFu] &
-5 5 < 200g 200~250g 250~300g 300g <
=43} 27 6.2 38.9 47.5 7.4
=74 3} FA7) 8.2 46.9 38.8 6.1
38 A wlf — 36.8 50.7 12.5 0.0
— & A3A BZ7) F=8]E&E 250¢~300g 47.5%, 200~250g 38.9% wo|9a, F

7] 200~250g 46.9%, 250~300g 38.8% <colglar, &3 Aul= 200~250g 50.

_31_




[e)

7%, 200g ©l3l 36.8%, 250~300g 12.5% ©]1S

— A giH] 250g o1 tlB8akEL B A3t &7 54.9%, A7) 44.9%, ¥
FAH 12.5% o1

— Ay A thu] 250g o) AR &S B A5 5] 444, FA7] 3.68 S

s

F 28, oNHFTE AN 9 AHsA7| o wE AL E

A7 &

300~35 350~40 400~45 450~50

= A3 257 6.3 10.2 28.4 22.7 18.2 14.2
= A3t T4 10.8 19.0 22.8 23.4 9.5 14.6
¥hsy A =} - 15.7 23.8 26.7 17.4 12.2 4.1

— 2 A3A B3I 3FH] &S 350g~400g 28.4%, 400~450g 22.7% w01, =
7] 400~450g 23.4%, 350~400g 22.8% <o|9l1, A3 A= 350~400g 26.
7%, 300~350g 23.8%, 400~450g 17.4% ©]9 <5

— B A (33.7%) thv] 400g o)’ A& = A5t 2571 55.1%, 471 4
7.4% °1A =

— @A e gH] 400g ol Ul &L B A3 £&7] 1.6¥], A7) 149 F
AN s

F 29, HTENE Azhy 9 A3 w2 sk &

EEREEE =

300~350 350~400 400~45 450~50

< 300¢g o o Og Og 500g <
A3 &7 6.5 8.4 22.6 25.8 20.6 16.1
A5k FA 12.7 25.3 31.3 19.3 9.3 2.0

&Y A 3} - 12.1 32.2 31.5 15.4 6.7 2.0

- & A3 87 F5HE&S 400~450g 25.8%, 350g~400g 22.6% ©|i, FA
7] 3560~400g 31.3%, 300~350g 25.3% ], #B A= 300~350g 32.
2%, 350~400g 31.5%, 400~450g 15.4% ©]3&

— A thE] 400g o) S & A3 £E7] 55.1%, A7) 47.4%,
A 33.7%°1 =

— A din] 400g o)/ WA &S = A8k £E7] 2.69, S417] 1.39)
S/t e
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a1

[¢)

= X000
AR A

S|
Y

19)

xal

H
T

AN 25 AR iR
%

M

=

(IMPa, 2MPa, 3MPa)27%d @
=

— #WAFA] lha Esol 79
— weba #yA S b =




L A=) —
o} 2 s dAE A3sts (%)
o} 7] 27 E47) 7N 3}A]
(MPa) 1) (57) (59) 61)
1 3.512.0 48.1%6.7 51.3+4.7 53.6+6.7
2 55+7.1 50.2+9.0 63.5+3.3 67.5+6.8
3 11.1£7.5 71.0t4.6 73.9+3.3 81.7+4.3
x« = =A4 2mm, ¢4¥E 355 8.5mmXxX50m, FAFAE 1m
— FEREEY] tgo] ZrhEd webd AHEEE F7FE A, Ziro] Wolrlolq A3k
A2 HgE e ueba FstEE S7HE S
— orgdl ASUA o WE A3E 50% o)AS 1 MPa £47], 2 MPa, 3 MPa °l|A]
= 2319
— 2 MPa oAM= 2E7] 50.2%, E47] 63,5%, M3tA] 67.5% % JEFGS
— 3 MPa oA £%7] 71.3%, NskAl 73.9%, "/07] 81.7%= YEF =
¥ 34 BEERY) g Bgol v 24w A9 @ATENE)
ore] v dFE5AAE 495 (%)
(MPa) Einied =57 ZA7) MEA
(01) (57) (59) (61)
1 0.0+0.0 0.0£0.0 0.0+0.0 0.4%0.6
2 0.0£0.0 2.6+t4.2 3.842.7 6.87.2
3 0.0£0.0 23.9%6.5 35.1+7.6 37.912.2

7 2.0mm, 8.5mm X50m,

TAFAE 1m

— 7] EE AYPES IMPa o= oty ~ AFAIZEA 0.0 ~ 0.4%°19
i, 2MPa oAE B37] 2.6%, M3A 3.8%, 9717 6.8%°1% 1, 3MPa A&
wol7] 23.9%, ¥&7] 35.1%, M3A 37.9% % VeSS

— kA Hekgy A9E&S 474 18T A4S 2 MPadlA A38kg 50.2~67.5%, A9
£ 0.0 ~ 6.8%°2% A o= 3545491%

— 3MPa oA & A& 71.0~81.7%, 31 & 239 ~ 37.9%% ZA{I&o] HEtA
= Wollgt Fy L HAX = 5 FAEo] YES
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25!

MEpA
(61)
42.1+5.2
43.3£3.0
67.5%6.8

(59)
33.6+3.7
38.4*4.3
63.5£3.3

(57)
11.3+1.2
16.2+7.1

=T wEEAE Asks (%)
50.2£9.0

(01)
0.0£0.0
46*2.6
5.0%7.1

op]
. 2MPa,

e

AnA 7}

700

e
.z:l

Oo‘l

=

[e)

=

MEA] 43.3%°]130

=47 2.0mm
o 1:12].0]_7] ~ 7H§]J\]7]]-7(] 0.0 ~ 421%019}2,

71 16.2%, ¥717] 38.4%,

- 5AR Y] 4

B

N kA
(61)
0.0£0.0
5.020.2
8.9%0.3

(59)
0.0£0.0
1.6%0.1
7.1£0.2

(57)
0.0x£0.0
0.0£0.0
1.1£0.5

ot
(01
0.0£0.0
0.0£0.0
0.0£0.0

A 2

amo

gan
Nr

S|
A

63.5%,

o
=
[e]

A
&

3}

S|
&

Foll A A7l

kel

}

=27 2.0mm
fe]

ody
5

%)

=

EEE

0.0 ~ 5.0%, 9%3 0.0 ~ 8.9%°|A=
710X 2.2%, N3A 7.1%, 7] 8.9% o)

o
e

3 (%)

FOAE A

=13
=

I
HiK

ﬁo

N
A

N 2tA
(61)
12.5+8.5
55.4%4.4
67.5£3.9
70.6£3.6
28.0%5.5

(59)
8.1£5.1
52.5+4.3
63.5+3.3
65.7*3.0
25.1+6.0

(57)
5.7t4.3
41.5%+7.6
50.2%9.0
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52.4%4.8
21.6T4.3

Tot]
(01)
0.4%1.0
0.6+1.0
5.5%8.5
5.4%5.0
2.9%3.2

—

1.5
2.0

0.9
2.4
3.1

(mm)
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A3kl (61)

7] (59)

ol

o
3

&7 (67)

hobr] (01)

(mm)

0.0=0.0
4.1%+0.3
6.80.5
6.4%£0.3
0.0=0.0

0.0£0.0
3.1+0.2
3.81£0.4
3.6£0.2
0.0£0.0

0.0£0.0

0.0x0.0
0.0£0.0
0.0£0.0
0.0£0.0
0.0£0.0

0.9

2.0t0.4
2.6%0.2
2.4%0.1
0.6£0.2

1.5
2.0

2.4

3.1

A7 2. 4mmAE-E oA HasE H

1=
A=

7] 3.8%, =27 3.8%, M3tA] 6.8% Z0]<

™
on |
5% oM
<> X
<} 5
X BF
~ R
3o
.
T %
g
-
ISR
©
o o)
— Nj¥
-
w4
ﬂ__/H X
R
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ST
N
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_10
B
N
o) m
o T
B
ey
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N
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, %)

A

(m)

m-

3.1

2.4

2.0

1.5

0.9

57.7*t4.5 65.374.8 70.8%£3.2 44.3%6.4

259141

0.5

41.5*7.6 50.2£9.0 52.414.8 19.9+3.4

5.7%t4.3

1.0

31.8+9.7 34.4%£5.3 45.0£5.8 9.4%£8.9

0.4%x0.7

1.5

7.816.2 0.0£0.0 2.415.8 5.0£8.7

0.0£0.0

2.0
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= A7} HolHFE Agkgo] A S
— BEZ 7oA AsE 50% ok EHEAT 0.5m o =274 1.5m ~ 2.4mme|gly, E5-A
Z 1.0m =227 2.0mm ~ 2.4mm°|3=
¥ 40. #5AY 9 wEH A mE ESol EF BT dAA AAEHTENE, %)
HIEAE =47 (mm)
(m) 0.9 1.5 2.0 2.4 3.1
0.5 0.0£0.0 5.7+0.9 5.6+0.8 55+1.0 2.6+0.8
1.0 0.0+0.0 2.0+0.5 2.6%0.2 2.8+0.8 0.6+0.5
1.5 0.0+0.0 0.0+0.0 0.7+0.7 2.4%+0.3 0.0+0.0
2.0 0.0+0.0 0.0+£0.0 0.0£0.0 0.0£0.0 0.0+0.0
* FHEET] 9Fe ¢ 2 MPa, Wk : 7FX] ApEe] ofukek
— HFol iy BEU)oA BFEAR I HAAFE HdEo] AR
— AYEL EEAY 0.5m oA 5.7% ©l3a, %}E—ﬂa Im ooAE BE wZA Aol A
HAE 26%07 ZAENS
% 41, ¥5AE U =S8 A o Hpol v 47 WA AgEHTENE, %)
ER=Ra =47 (mm)
(m) 0.9 1.5 2.0 2.4 3.1
0.5 46.3+5.4 61.2+4.0 71.2+2.6 70.7+4.7 38.8+5.5
1.0 8.1t5.1 52.5+3.4 63.5+3.3 65.7+3.0 25.1%6.0
1.5 0.0+£0.0 25.7+t4.9 35.7+7.8 31.84+4.2 18.0£6.9
2.0 0.0£0.0 1.7+1.7 5.1%5.7 4.8+4.5 2.9%3.9
* FEEET] 9be 2 MPa, WeF © ZFX|xpghe] oAnkgk
— Bgol iy FATA BEFEAE I doldSE Astso] 4SS
— A7) A 60% o1 FHE 0.5mel =217 1.5m ~ 24mmelQ, F7)
2 1.0m ==3"74 2.0mm ~ 2.4mm°]|3-S
¥ 42, FFAY W =E2H A E Hool G TA] WA AGEFHTENE, %)
ER=BAE =474 (mm)
(m) 0.9 1.5 2.0 2.4 3.1
0.5 2.6+4.1 11.7£3.4 24.9+5.3 21.8+5.4 14.9+8.9
1.0 0.010.0 3.1t3.9 3.8+t2.7 3.614.8 0.010.0
1.5 0.0£0.0 2.3%+3.1 1.9+3.1 2.5+2.7 0.0£0.0
2.0 0.0£0.0 0.0£0.0 0.7t1.4 0.9+1.7 0.0+£0.0
* FEEET] oFe @ 2MPa, WEF - 7P| AR owpEk
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— Bl i FAVIA EFAYE deld AhEol A2l
- AfdEe A 0. 5moﬂ*1 24.9% ©111, v‘i‘——?ﬂﬂ Im ool BE =ZA A
A9E 3.8% olstE TAFES
£ 43, T 9 mEA A W Heok H A WA ASEHTENE, %)
B =ZEH74 (mm)
(m) 0.9 1.5 2.0 2.4 3.1
0.5 28.913.9 65.5+5.2 73.9+9.4 72.5+5.4 53.3%3.6
1.0 12.5£8.5 55.4t4.4 67.5+3.9 70.6+3.6 30.7£7.8
1.5 1.6+2.2 6.8%5.9 41.8+6.4 38.5+5.5 28.0%5.5
2.0 0.0£0.0 0.0£0.0 21.21+6.7 19.8+9.8 22.4+9.8

C BT o1 : oMPa, T AR g

— EFol i JNstA oA FFAR T oA as AslEo] A
— A3E 60% o) EHAY 0.5molA =27 1.5m ~ 2.4mmo|y, 542 1.0m
=247 2.0mm ~ 2.4mm°]|gS

® 44, T8 D =28 e Heol i AWEA] @A AdE FHTENE, %)
=FAg +Z27 (mm)
(m) 0.9 1.5 2.0 2.4 3.1
0.5 7.5%+0.9 11.6+0.6 15.3+0.9 14.0+1.5 6.1£5.2
1.0 0.0£0.0 4.1£0.5 6.8£0.7 6.4£0.6 0.0£0.0
1.5 0.0£0.0 1.3+£2.4 5.1£0.6 5.5%0.6 0.0£0.0
2.0 0.0£0.0 0.0£0.0 3.1£0.6 2.3£25 0.0£0.0

< B HRT] okel : 2MPa, BR 1 AAAD] o T

- SR B AN ERA} Aol AT A o] Gadsn
- A8 BEAY 05meIM 15.3% ol3h olRa, #¥AY Im el
Ao AGE 6.8% olekE 2AE

= = =
L Et 2]

(b BEY ARA BRAL o]§F & A HHUF
%ol

— A 1elA 7] 2 MPa, AE3AHEA &S 7FA Apste] e, WP T
19 =Z47% 2.4mm, F5 A= 1m delelA AAIsE =

— HBgol I35 FHAL UlSobA7Y], AT E, AFENENS

- ol AAAYE 7 X 4m, YA 79, TdBAA HAAEA 5

- FEHE57] 2 MPa, 5% ¢8.5mm X 50m,

— & A A7) 2871, FA7], A A
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a5 d JNEE G

ol 7 g (2€.9)
ol 7] w37 A7) 7N shA 7]
(01) (57) (59) (61) (66)
3.30 4.10 4.18 4.21 4.23
3.28 4.09 4.17 4.20 4.22
o] - 0}77} 2 7] 3.28 4.09 4.17 4.20 4.22
3.30 4.09 4.17 4.20 4.22
3.31 4.12 4.20 4.22 4.24

TH Polr]= 349 28 ~ 349 31974, £&7I= 4€ 99 ~ 12d, FA
Q ]

179 ~ 204, 7M3A= 49 209 ~ 2297, w7 49 229 ~ 24

a8 AsA 7] w2 Ak

28 (%)

37 Z47] 7 3hA 3y
63.7£30.4 74.9%26.1 64.2+£23.7 74.7£19.7
66.3116.5 58.8+23.1 40.4+18.0 57.5+21.1
tf -0} 7} 2 7] 48.1+t22.1 48.5+18.9 39.8+t21.5 41.9+19.9
71.8£20.2 74.5+17.8 68.5-13.8 70.3£15.6
64.5£20.0 55.4%£21.0 48.5%£15.7 51.5£22.1

g 2MPa, =374 2.4mm, , FAMAY Im, 48359 8.5mm*xX50m

SEAE 254 A3t FaE FF wEbd #3398 ~ 74.7%

gl 257 ~ FAZIE Aolrk glgloh, A MEY BEA A4
7

ool FF 9 A7) mE dF E4E
AT 48 ()

27 FA7 7N 3st7] 73y
9.7+14.5 5.3+9.2 6.0115.3 -
4.6+10.1 10.8%£15.0 12.3+18.0 -

o] & o} 724 7] 4.4+13.3 8.3+14.5 12.9£21.3 -
6.0£9.4 5.8£15.1 7.9£12.3 -
7.2%+15.9 8.2+15.5 9.5%+15.1 -

GAE ZF AAY S G EAEL 2.6 ~ 12.9% ©]

i&
dlo
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— Epol 7 ASEAVE A-dDFE A SHEo] SUtstkeE Aol olds
— EZo] g% &AEE 1 6.0 ~ 9.7%, ZHAF 4.6 ~ 12.3%, o727 4.4 ~
12.9%, JNHE=% 5.8 ~ 7.9%, AZE 7.2 ~ 9.5% o|&

sy fg W A= D?}E Abe 2NN/
Y -S| (g) (kg/5mm) ( °Bx) (%) D))
=74 3} Hlol 7] 218.0 0.54a 9.8 0.5 177.3
257 215.8 0.51a 9.7 0.6 171.0
EA 7 206.2 0.55a 9.6 0.6 175.3
N &7 206.4 0.54a 9.9 0.6 178.3
435 A wl] - 195.1 0.53a 9.4 0.7a 175.0
— My REAS o]f3t Biol i WA ZAPA] HEE doly], BE7], FA

7], MEAIZ e wpeba] 218.0g, 215.8g, 206. 2g, 206.4g 07 A F 2z 0]
W= s o] F7tetE ZOE e
— Ay fu] = A3A] FE=S 11.1g ~ 22.9g0F 5. 6% ~ 11.7% <7885

=
12
=3
=
MO

¥ 49, ‘FHFAPY  EFF9 H3uH] 9 A3A7] e mE JAEA AL

2 31 £ I AE = AP A ENES

e A5 T (g) (kg/5mm) ( °Bx) (%) m)

=74 3} Hlol 7] 280.8 0.56 11.8 0.52 216.3
257 287.5 0.51 11.7 0.57 201.7
ER 7 264.5 0.53 11.9 0.51 200.7
7Ns}7] 249.1 0.58 11.1 0.52 203.7

) A vl - 232.5 0.51 11.7 0.56 209.0

— & AIA Hotr], E&7], T4V, M #AFS 280.8g, 287.5g, 265.5g, 24
9.1gox = zqo] w2 74 vig&o] 57 }E}L AEFo R YES

— A div] WE5y F50 43 2 16.6g ~ 48.3g 0% 7.1% ~ 23%
Z7letE Ao 7 e

3 50, thsopzr] EHFY A3 9 AshA7]e] wE A5 A

°H AZGA (g) (kg/bmm) (., Bx) (%) (71)

=24 3} o} 7] 284.3 0.51 12.3 0.52 216.3
37 268.9 0.51 11.7 0.57 201.7

=417 245.5 0.53 11.9 0.57 200.7

k5% 241.5 0.58 11.1 0.58 203.7

-3 ) |l - 214.9 0.51 11.7 0.56 209.0
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— & A3A] doly], 27, F47], MSAE oS 284.3g, 258.9g, 245.5g, 24
1.5go 2 A Ado] wErE A v &o] T7tsts Ao
— Z AN v WEE B AFA] BF 26.6 ~ 69.4g0F 23.3 ~ 69.4% =

Ao oz vege

i

X 51, HFTE FFY Ay W A7l mE A5 A

2 gl . 175‘17:‘ I A5 D%E AP 2N/
Y S | (g2) (kg/5mm) ( °Bx) (%) 1)

=2 3} dhol 7] 428.4 0.57 10.1 0.43 212.7
27 420.0 0.55 9.2 0.44 216.0
Z47) 406.8 0.53 11.7 0.43 215.0
N3] 393.2 0.53 9.6 0.44 215.3

33 A vl - 374.4 0.58 0.99 0.49 216.4

— = A3A Loy, L&V, T4V, NEAIE Ik 428.4g, 420.0g, 406.8g, 39
3.2g02 AF AR wEFSH W vtEe] ks FFeINE

— @A oin] WEP B ASHA 35 18.8 ~ 54g0 % 5.0 ~ 14.4% SUVsE
Ao R YERS

#5652, HTEME S5 AUy Bl A3l wE HAS5 AL

A s s 7} AL i A 22/
ﬂ AL (g) (kg/5mm) ( °Bx) (%) 0
=2 3} ihol 7] 439.5 0.32 10.2 0.46 231.3
=57 399.5 0.35 10.2 0.43 225.3
FA7] 388.2 0.32 12.0 0.45 229.7
N&}H7] 366.2 0.34 10.3 0.43 223.3
H3y A al - 358.6 0.36 9.8 0.48 224.0

— = A woly], #57], FA7], NS HE> 439.5g, 399.5g, 388.2g, 36
6.2g0.x Az &Slo] wE5E A vltfgo] Frtske Ao

— # A dn] B EEA A3A 5 7.6 ~ 80.9gCF 2.1 ~ 22.5% 7tk
Zow YES
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% 28, Hool v AAL 54 Al 2 AERZAET (17, 4.2 ~ 4. 23)
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M BRI AA3] & AEx ZAMERE Qokstd thSy s

ool A7 - At 2 A3 A A3 9y 94.%, 71EF 6% ol

BEA ABEAL 58 AT g 9uE 17.6%, 9= 70.6%, % 11.8% o9&

BEA AHAT  w|$9E 17.6%, 9= 64.6%, RE 11.8%, 7= 5.9%0]3 &

BIEA 9 o} e 75.6%, B Q vt 24.4% o)L

WEy BREAS 83 A - H3 a8 W U YRR SA4S Yot =U 5%
of A% WS Ao w MRz == 8k

AFL717F 2 17, 4. 15, ~ '17. 4. 24.

A4 b 5, %
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Au}skol| A AsEE BET| A 50.2%, =47 63.5%, MEA 67.53% ©]S]
v Weke AA] zpgke] ARy} Swnpgko Al FH-Sh= Ao A X*?ﬂrzr ]
8l Ao 7 UES
¥ 65. 3o (A7) st OFs R PAL wlEk) nhE ARS8 CGdETin)
94 A el A F5EAE A5 (%)
AR Hhol 7] 371 A7 7N &k7]
(01) (57) (59) (61)
<= Hhgk 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
= ek 0.0+0.0 0.0+0.0 2.9%+0.1 4.1+0.2
o] uhgk 0.0£0.0 4.2+0.5 6.1+0.2 7.5%0.3
EYRET] 9k : OMPa, E535 73)/%, 504 0 1m, =27 2.2mm
BEAo e FHgke A A& wolr] ~ AII7MA] 0.0%°]1% 3, SanEe
0.0 ~ 5.0%, 9% 0.0 ~ 8.9%°1A=
Au}sfo| A A FES BEI| A 2.2%, N37] 7.1%, 7] 8.9% oA
webA] EFe ek A o] ogukdkel A, FAA7|oA AstE 63.5%, Y
1.6%= A3A] A3}&o] 53
66. MEy REA EAlAEE BAREIS e AR S (HEEE)
AL S TAFAE (m)
(=9) 0.5 1.0 1.5 2.0
3 44.9%2.0 35.2+1.8 24.0t2.0 12.6+0.9
5 55.0t1.6 42.5+3.8 34.1*t2.1 13.8+1.2
7 81+3.1 65.6+t4.5 51.4+2.3 38.3*1.6
9 83.2+2.3 73.3+t3.2 59.9+2.4 42.1%2.0
« =HEET] FE 2MPa, ==374 2.2mm, FAFAE 1m
¥ 67. MEY BEA BEAALE EAREIS uE P8 (T EYR)
AR A ()
(=9) 0.5 1.0 1.5 2.0
3 15.7+0.5 2.4%0.4 3.010.3 0.0£0.0
5 25.010.9 3.410.6 3.910.5 0.0+0.0
7 24.2+0.7 5.1*1.1 3.6*0.6 3.0t0.4
9 27.0%0.8 6.1F1.1 3.2%0.5 2.010.4
* HEF7] 48 2MPa, =Z &7 2.2mm, ¥AMAE 1m
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¥ 68. HFol v WS FF st A4S
Bool 2 wa A (9.9)
e o)) 25 Z27] LE% w7 7]
u] g} 3.27 4.11 4.18 4.20 4.22
BHAF 3.27 4.11 4.18 4.21 4.23
tfj Lo}t 2 7] 3.27 4.11 4.18 4.21 4.23
NHFTE= 3.28 4.11 4.18 4.21 4.23
AZEwe 3.30 4.13 4.21 4.23 4.25
O Bgol #5d ol 39 279 ~ 3€ 3097, £357]= 49 119 ~ 13Y, *
A71= 49 189 ~ 219, 7M37E 49 209 ~ 2397, w7 = 49 229 ~ 25
A 7o)
¥ 69. o5 ASAVE Heol F5E A&
= 295 (%)
5 - —
&7 E 7] 7N 3}7] ¥y
u] g} 63.7+t30.4 74.9126.1 64.2+23.7 74.7+119.7
A 66.3+16.5 58.8+t23.1 40.4*18.0 57.5+t21.1
) Lo}z 7] 48.1+22.1 48.5+18.9 39.8+21.5 41.9+19.9
fHF= 71.84+20.2 745+17.8 68.5+13.8 70.3+t15.6
AZzcwe 64.5+20.0 55.41t21.0 48.5+t15.7 51.5+t22.1
* T RILY) ore : 2MPa, =474 2.2mm, FAMAE 1m, W% 35 73)/%
O 549, AsdAE 253 43 & &2 F5o webr 48.1 ~ 74.9%% e}
pre=s
O #Z3ge @8 un] 227 ~ TA7)= Zol7F oy, e BEsd B3Rz
AA A& 1.8 ~ 17.1% #adts AR YegS
® 70, 25 ASAVE ol 5 A9 E
= A =48 (%)
55 . —
2357] 7] 7N 3}7] 73y
) &t 9.7+14.5 5.3+9.2 6.0+15.3 —
BFAF 4.6+10.1 10.8+15.0 12.3+18.0 -
tf) & o} 7} 2% 7] 4.4+13.3 8.3+14.5 12.9+21.3 -
NHF= 6.0+9.4 5.8+15.1 7.9+12.3 -
e 7.2+15.9 8.2+15.5 9.5+15.1 -
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EET I T A e A AR
St g) (kg/5mm) ( °Bx) (%) “om
R i uko}-7] 309.1 0.54a 9.0 0.5 174.3
57 272.4 0.51a 9.7 0.6 173.0
A7) 260.9 0.55a 9.6 0.6 179.3
N3}7) 228.7 0.54a 9.9 0.6 175.3
38 A ul - 193.2 0.53a 8.1 0.7a 175.0
- WMEy BRAS o] g3 ool 4 dAE FAYA HFe Loly], &7, T4
N7 2 Rado] wheba 309.1g, 272.4g, 260.0g, 228.7g ©.& AFH A 27
of FTFE A4 vgEo] Sk Ao YES
— A ohu] B A3A] BF=S 3552 ~ 115.9g0% 18.3% ~ 60% =71l

R 72, FHAE EFY A3 gl AEiar) el mE A5 224

CET T I o e A5 e N Al
35 A (2) (kg/5mm) ( "Bx) (%) 70)
R A uko}7] 275.1 0.56 10.6 0.3 224.3
27 264.4 0.51 10.0 0.4 222.7
A7) 258.2 0.53 9.5 0.3 225.3
N3} 256.4 0.58 10.6 0.4 225.7
3 A ul - 208.5 0.51 11.7 0.5 221.0
— B H3}A woly|, BE7) EA7), A3 32 275.1g, 264.4g, 258.2g, 258.2
g o= A Aol w=Ew A nitEo] FUlehs AFCR YERS
— A AN din] WHeg F5 A S 43.5g ~72.2g 0% 22.7% ~ 31.9%
SVt Ao ® UEhS
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3E 73, ‘"otz FFL At 9 Ao mE RAE5Y AL
Qg e 7+ 4 L Glas )7/
Y S THA| (2) (kg/5mm) ( °Bx) (%) M
w5 1ko}7] 288.7 0.51 13.8 0.5 203.3
x4 281.5 0.51 12.9 0.5 206.7
ZA7) 267.5 0.53 12.1 0.5 201.7
N&}7) 261.4 0.58 12.7 0.5 206.7
38 2wl - 205.4 0.51 12.6 0.5 204.0
- & A3A] woly], B3], T4V, M #5E 288.7g, 281.5g, 257.5g, 261.
4goZ Az A]lo] wEFSF A v|gEo] Frkske AEIUS
— @A din] NEE B5 A3A BF 59.6 ~ 91.9g0F 27.2 ~ 40.5% &
7bebe Ao ® e
X740 CNHFE FEFY Aty 2 A7 mE A5 A
2 g}y s 7} I i A= B e
A8 A (g) (kg/5mm)  ( °Bx) (%) n)
R i 1o} 337.7 0.57 13.2 0.43 222.0
57 313.1 0.55 13.5 0.44 225.4
A7) 295.6 0.53 14.1 0.50 214.8
Nz} 275.8 0.53 14.1 0.51 228.6
2 A vl - 275.5 0.58 14.1 0.50 224.1
- = AghA wetr], E371, 471, M Bee 337.7g, 313.1g, 295.6g, 27
5.8g0. & A Aol mEF= A vltEo] Frlske A EFolle
— Ay AN v NEE E5d ASA B 0.3 ~ 62.2g0% 0.1 ~62.2%
Z7tsk= Ao 7 e
E 75, AWy’ FF Ay W A7) e RA5 AL
EE R Ghe FE HE AT
St g) (kg/5mm) ( °Bx) (%) 7
R i o} 402.8 0.32 13.1 0.47 223.1
37 385.4 0.35 14.8 0.50 224.1
A7) 381.7 0.32 13.1 0.45 214.3
kg 368.6 0.34 13.4 0.49 225.4
3 A v - 322.4 0.36 13.2 0.48 215.6
— 2 A3}A] do}y], £E7], %: A7), AstAE #E=S 402.8g, 385.4g, 381.7g, 38
6.6gC% Aol wWET= A vgEo] Frteke Aol
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Experimental studies and numerical

simulation of evaporative cooling of air with a

water spray—I. Horizontal parallel flow

S. 8. KACHHWAHA,t P. L. DHAR and S. R. KALE}
Mechanical Engineering Department, Indian Institute of Technology, Hauz Khas,

New Delhi-110016, India
(Received 13 Jonuary 1997)

Absgtract —Hollow cone water sprays are used in many humidifying, cooling and scrubbing applications.
For predicting the heat and mass transfer in these spray—air flow systems a two-dimensional numerical
model simulating the conservation of mass, momentum and energy of air, and water, were developed.
Model inputs include drop size distribution and velocities at nozzle spray angle; inlet air DBT and
humidity ratio. The set of conservation equations are time marched numerically and conditions at various
downstrearn locations are computed. Experimental data were obtained on a horizontal once throngh wind
tunne! at three air velocities with each nozzle at three pressures in parallel low configuration. Nozzles of
3.2 and 4.8 mm owtlet diameter were used. Drop diameter at break-up was measured from still photographs
of the spray and these data were used in the model. Predictions of air condition at wind tunnel outlet for
given inpul conditions agree well with expenmental data.
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Pressure Effects in Abrasive-
Waterjet (AWJ) Machining

Abms_.-‘ ve-waferjets (AWlJs) are formed by mixing high-pressure (up to 400 MPa)
wargrjers (0.1 to 1 mm in diameter) with abrasive particles in mixing tubes with
typical 1/d ratios of 50 to 100. The pressure of the waterjet influences the overall
performance of the abrasive-waterjer culting system through operational and
phenomenological effects. Higher pressures result in lower hydraulic efficiency
more Jrequent maintenance, high wear rates of mixing tubes, and fragmentation EJ}"
par:rdes‘ before they exit the nozzle. However, with high pressures, deeper cuts con
be obra_med and higher traverse speeds can be used. Consequently, the hydraulic
power is best utilized at an optimum pressure, which is a Junction of all other
parameters as well as the application criteria. This paper presents data and analyses
on the effect of pressure on nozzle operational characteristics, i.e., jet spreading
characteristics, abrasive particle fragmentation, suction capability, wear of mixing
fubes, and mt‘_xfng efficiency. The effect of pressure on the parameters of culting
perf?rlmance is discussed with example data. These parameters are depth of cut
spec:f.rcl' area generation, maximum cutling traverse rate, surface waviness, and cos:f
of cutting. Optimal pressure examples presented in this study indicate that pressures
onf; 240 MPa are required for efficient abrasive-waterjet performance in metal
cutting.
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