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- A Study on the Wide Reach Nozzle of Sprayer (I)

(The travelling distance of nozzle for the close range)
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Nozzle is a part of sprayer and it consists of se-
veral elements; swirl plate, vortexchamber, cap and
body. The travelling distance of sprayed particles is
important in in the wide reach nozzle.

The factors to influence the travelling distance of
the sprayed particles may be the . helical angle of
swirl plate, the distance of vortex hamber, the
slope and the size of cap hole.

This study was conducted to examine the effects
of these factors on'the travelling distance.

The results of this study are summarized as follo-
ws; :

1) There was higher positive correlation (+0.96)
between the maximum travelling distance for
which amount of sprayed particles was 5Sec/cm/
min. and centro-position of tj\he travelling distance.

2) There was a higher positiive correlation (+0Q.
85) between total discharge of sprayed particles
and the centro-position of the travelling distance.

3) Main effects and interaction effects of helical
angle, pressure, vortex chamber distance and cap
slope were significantly affected the -travelling
distance of sprayed particles.

4) Main effects of helical angle, pressure and cap
slope were especially highly significant to influence
the travelling disance.
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5) Helical angle, pressure, vortex chamber distance:
and cap slope influenced spraying forward velocity
of dise hole, among which cap slope and pressure:
of nozzle was the most important factors.

6) Effect of change of helical angle on the trave-
lling distance of sprayed particles, was generally
a quadratic, the least value of the distance being.
showed about 45° and the largest at about 15°
and 55°, the decreasing rate of the change bet-

~ ween 15° and 25° was very small.

7) Effect of change of pressure on the travelling
distance of sprayed particles was generally a lin-
ear, the increasing rate of the charge was about
1.68, which was the most effective compared to
the change of the other factors.

8) Effect of change of vortex chamber distance on
the spraying distance was also generally a linear,
the increasing rate being about 0. 16, which was
the least effective.

9) Effect of change of cap slope on the travelling
distance was also generally a linear, the increas-
ing rate was about 0.61 and its effect was about

medium.
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Table-1, Experimental design and total discharge  Table-3, Experimental design and total discharge

Fixed factor; Pressure 25kg/cm? Fixed factor; Disc hole Dia. 2. 5mm
Disc hole Dia 2. 5mm Cap slope 50/10 Vortex
Vortiex chamber distance 6mm chamber distance 6mm
. i ] . § Experiment |
part Experiment fﬁé?:g?:m Total Part Experiment allc?cation Total
ar! A
No. Cap slope };ﬂ;‘if discharge { No. ihelical angle' f:;?;fe discharge
I—1—1 | 0/10 | | 187 | I—1—1 | HOM 130
”—1—2 35/10 .| | 199 , r—l—2 25 z 155
n—1—3 50/10 | 15° | 200 bor—1—3 35 15 185
n—1—4 76/10 | 213 #—1—4 45 \ 193
1" —1—5 111/10 | | 223 " —1—5 55 212
7 —2—1 0/10 | | 172 7—2—1 | 15 | 138
" —2—2 35/10 188 "—2—2 25 | 161
. n—2—3 50/10 | 26° i 130 n—2—3 | 35 20 .. 180

" —9—4 76/10 \ 200 " —2—4 45 200
”—2—5 111/10 \ 213 ~ n—2—5 55 208
7 —3—1 0/10 132 7r—3—1 15 114

, #n—3—2 35/10 l 150 "”—3—2 25 127

1 ”n—3—3 50/10 35° 150 I n—3—3 25 25 146

n—3—4 76/10 ‘ 168 1n—3—4 45 156
#—3—5 111/10 138 " —3—5 55 200
" —4—1 0/10 | 140 ”"—4—1 15 | 130
" —4—2 35/10 ! 155 " —4—2 35 ; 142
n—4—3 50/10 | 45° 150 : " —4—3 30 30 154
" —4—4 76/10 | 168 1 —4—4 45 160
n—4—5 111/10 | 180 n—4—5 55 182
n—5—1 010 | - | 183 | n—5—1 | 15 155
n—5—3 35/10 {183 #—p5—2 25 188
" —5—2 50/10 | 55° 212 " —~-5—3 35 35 198
" —5—4 76/10 ‘ 212 1 ~5—4 45 212
n—5—5 111/10 | 228 " —5—5 55 223

Table-2. Experimental design and total discharge Table-4. Experimental design and total ischarged

Fixed factor; Pressure 25kg/cm’ Fixed factor; Pressure 25kg/cm?
Disc hole Dia. 2.5mm Disc hole Dia. 2.5mm
Cap slope 50/10 ~ Helical angle 45°
E— ——
Part 3 Part
Vortexchamber| helical ;. ) . Vortex | .

No. distance (mm) | angle discharge No. Cap slope chamber, discharge
I—1—1 2 \ 192 V—1—1 0/10 105
»—1—2 4 185 n—1—2 35/10 133
n—1—3 6 15° | 195 i " —1—3 50/10 2 135
n—1—4 8 1185 n—1—4 76/10 166
n—1—5 | 10 | 196 rn—1—5 111/10 : 165
n—2—1 2 [ 180 n—2—1 0/10 117
y—2—3 4 | 175 | n—2—2 35/10 136
”—2—3 6 25° 1 188 y on—~—2—3 50/10 4 145
n—o2—4 8 ' 182 L on—2—4 76/10 | 157
”n—32—5 10 180 - n—2—5 111/10 ¢ 174
n—3—1 2 145 n—3—1 0/10 131

1 on—=3—2 4 152 n—2—2 35/10 146
I n-—3—3 6 35° 160 v i n—3—3 50/10 6 149
n—3—4 8 153 T on—3—4 76/10 175

" —3—5 10 160 7" —3—5 11/101 183
n—4—1 2 138 n—~—4—1 0/10 125

" —4—2 4 144 n—4—2 35/10 139
7”—4—3 6 ; 45° 153 ”—4—3 50/10 8 145
1—4—4 8 | 145 oon—4—4 76/10 | 170

" —4—5 10 | 151 I n—4—5 111/10 [ 184
n—5—1 | 2 | 175 ) #—5—1 0/10 | |14

" —5—2 4 ‘ 191 | #n—5—2 35/10 ] l 140
n—5—3 6 I 55° 203 ' n—5—3 | 50/10 ‘ 10 | 148
n—5—4 8 | 208 - bon—5—4 l 76/10 ! I 171
n—5—5 10 | 203 . r—5—5 | 111/10 | {184
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Table-5. Experimental design and total discharge
Fixedfactor; Vortex chamberdistance 6mm
Helicla angle 45°
Disc hole Dia. 2.5mm

" Experiment | flf&i?;::m Total
Part ‘ - |

: No. | cap slope Ipressure idischarge
V—1—1 0/10 | 2 112
oo me B

Lor—1— 1 : , 1

| e—1—¢ | 76/10 | BFL} 152

| _»—1—5 | 111/10 157

==L [ 010 134
"—2—2 | 35/10 151

L ow—2—3 | 50/10 . 201 150

| r—2—4 76/10 161

j n—2-5 111/10 181

bon—3—1 0/10 140

L or—3—2 | 35/10 155

v | 7-3-3 , 50/10 © 25t1 158

Lor—3—4 76/10 172

I n—3-5 | 111/10 185

=T 0710 155

| w—4—2 | 35/10 172

[or—4—3 50/10 301 179

| n—i—4 | T6/10 | 197

| or—4—5 1 111710 201

L h—s—1 T 0/10 155

Lo —5—2 35/10 o184

; m—5—3 . 50/10 351, 186

| r—5—4 | 76/10 207

. n—5—5 111/10 223

Table-6. Experimental design and total discharge
Fixed Factor; Cap slope 50/10
Helical angle 45°
Disc hole Dia. 2.5mm

i Experiment f Elfo';?i?:n Total
Part | ‘ VortexchamberiPress- | ;.
[ No. Distance lure Idlscharge
P M—1—1 2(mm) ! 122
14 —1—2 4 ! (kcg-{g) 117
== 1 A
"—1— | i 9
" —1—5 10 BEL g
7" —2—1 2 ! 143
Pon—2—2 4 { 143
| r—2—3 6 12041 145
”"—-2—4 8 : 146
" —2~—5 10 , P 137
”-—3—1 2 . 143
©on—3—2 4 \ 147
w o 7—3-3 6 125+1 150
b —3—4 8 | ‘148
i #—3—5 10 i 153
n—4—1 | 2 : 173
" —4—2 4 ‘ 176
”"—4—3 ! 6 - 301 178
n—4—5 | 0 179
n—5—1 | 2 : 177
"—5—2 4 i 179
| —5—3 6 3551 189
i r—5—4 8 180
© o —5—5 | 10 195
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EERRR MRS ESS) Nozzled] MY HE (I

«d s
3 g2
;% [ 28 o
ig it
3¢y 3 w0
g s
i &
s 2 T 2
3 F
H H
3 -3
i owl g
L 4
Travelling Distance (m} Travelling Distanee (m)
o (a) Experiment No. I—1 s (a) Experiment No. H—1
2 [ s8
is i
Er H
30 e
3L £~ 30
: g
:
s 4
g - s
< 2
< 3
2
i L
«
. ° ——
10 19
Travelling Distance (m) Travelling Distance (m)
o (b) Experiment No. I-—2 s0r (b) Experiment No. H—2
-8 -
K £
<8 o 25
= IS 40 —_——— 1 -3-1
i3 ET e 1-31-2
% a3 —— -3-3
L~ 0 3 gof S | -3-4
5 2 ———— -3
3 £
- o &
3 2 3 20
< =
£ wf H
g wp
o 10 0
Travelling Distance (m)
® (c) Experiment No. [ —3 "
2 -
ii o 5% ’
Es 1 ¢ 3 40
>3 i8
ig
Fl 1w
l H
s w 3 20
3 z
° 2
< i w
o
(1.4 3
lling Di
Travelling Distance (m) Traveiling Distance (m)
» (d) Exzperiment No. §—4 - . _
5 - (d) Experiment No. H—4
o
e I
i oL
}5 » i%
: 3°
5 20 H
H 3
5 » :g‘
£
<

Travelling Distance (m)
(e) Experiment No. §—5

Travelling Distance (m)

(e) Experiment No.- H—5

F.g 4. The distribution curves of sprayed part-
icles with vortex chamber distances and Fig 5. The disributtion curves of sprayed part-
helical angles varied. (Experiment No. icles with helicla angles and pressures
m varied. (Experiment No. III)

-2987-



I FFHA A 154 AM23

(dcfemmin}

Amount of aprayed parsistes

Travelting Distance (m)

(a) Experiment No. §¥—1

Ameunt of sprayed pastislos
(es/om /min)
8 8 8

-
©

Travelling Distsnce (m)

(b) Experiment No. V—2

Travelling Distsace (m)

» (c) Experiment No. N—3

- :
‘E‘E ® —— . W41
s e g e [ =4 =2

P —— v -4 -]
28 5 ———a—— g4
z ——t———piels
)
3
3
2
I 10
<

Travelling Dissance (m)

» (d) Exzperiment No. N —4
25
< £ o ——— B .5}
e
i
pLEY ===
:
3 0
Z
H
£ w0
-

w}

] 5 & 7 8 9 10

Traveiling Distance (m)

(e) Experiment No. N—5

Fig 6. The distribution curves of sprayed part-
jcles with cap slopes and vortex chamber
distances varied. - (Experiment No. IV)

1963. 6. 30

30
8 w0 ———n
i —
=8 -
‘2‘" 30 4
8
- 1
3 [
]
H
Eowp /g

o . .

L R e S i e 38
Travelling Distance (m7
” (a) Experiment No. V—1

>
=3

{ec/cm/@int
o @
- =3

3

Amount of sptayed panicles

TeaveHing Distance (m)

ser (b) Experiment No. V—2
3
£ ot ——— 1
|3 Y-3-2
5 . i o ]
< g0 . sty omtnt- at

—a——y .35

3

Amouat of spiayed pasticles

-
<

Travelling Bistance (m)

™ (c) Experiment No. V—3
.2 -
iz
Iz ———— 1~5-1
85 —t—— {52
&% ——ee—— Y51
3 = ¢-5-
¥ w e
H "
3 20
3
i
1w
¢ IS R R —
1 ? 3 4 ) 6 7 % [} )
Teavelling Distance (m)
® (d) Experiment No. V-—4
o3 IS
28
EE 13 —_—t -4
1 —r——— Y ~4-2
2% — 143
T a0t ————— } ~4—4
3 ——e—— ¥ -4
)
s 204
3
i ook
I
[ — —t A,
[ 2 3 4 5 3 7 ) ¥ )

Travelhiag Bistance (m)

(e) Experiment No. V—5

Fig 7. The distribution curves of sprayed part-
icles with cap slopes and pressures varied.
(Experiment No. V)



ReER) MBMe) Nozsleol M #RE (1)

or
ag
SE 4ot 400
if 1m0
3% 2 76/10
5
a
“-‘- 0 350 50/10
H
2 e
<

L
Travelling Distance (m) 300
ser (a) Experiment No. W—1

I

£ »2—1

E s T\ AT 22

B \ AT 33

Y o —— ~2-4

N

w
-4
¥

Centro-position of the travelling distance(cm)

W

o

o

5 ] 35 45 %

10

Amount of sprayed particles

o 1 2 3 4 5 6 7 ] 9 1¢ Helical angle (*)
Travelling Distance (m) (a)
sop - (b) Experiment No. 1—2
A
%’& 40
L]
i
e 3
4 K
5 20 H
¥ 3
i 10 2
< 3
, :
T« 5 & 71 9 10 -.=:.
) Travelliing Bistance (m) s
(¢) Experiment No. V—3 s
» 3
32 et ! L i i
i! —ie ] =4 =3 5]
=2 5
% ;
g
s 20
i "";T ey i
g 10 8/1 5/10 68/10 76/18 100/10 111/10
< Cap slope
=4+ 5 ¢ 7 & (®)

Travelling Distance (m)
(d) Experiment No. W—4

Fig 3-,5{'; e'igttl{il;:t:&nx ?{:;'bg :,‘,’5‘1’;;‘283:,':; Fig 9. The centro-position of the travelling di-

varied. (Experiment No. VI) - stances of Experiment No. I

-2989-



FIFTHYA M154 A2

400

I (mm)
9
< 350 10
3 8
H 6
3 .
2
£ a
3
s 2
< 300
3
=
3
e
2
e
g
E 250
L&)

200 L

15 25 35 45 55
Helical angle (*)
(a)

Centro-position of the travelling distance(cm)

]

1973. 6. 30

)
350 ¢

55

15

25

35
300 |

45

2501

200k

2 4 6 8 10

Vortex chamber distance (mm)

®

Fig 10. The centro-position of the trgvelling distanceof Experiment No. II.

450

400}

3501

300

Centro-position of the travelling distance(em)

250

200 — .
15 20 25 30 35
Pressure (kg/cm?)
()

Fig 11. The centro-position of the travelling distance

-2990~

Centro-position of the travelling distance(cm)

450

400

(kg/cm?)
35

200

. N n

15 25

35 45 55
Helical angle ()

(b

of Experiment No. IIL




Centro-position of the travelling distance(cm)

Centro-position of the travelling distance(cm)

KRR Biste) Nozzled] RS W% (1

sop - 3so}

250

Centro-position of the travelling distance(cm)

200 - N N — ’ .
0/10 35/1050/10  76/10 11710 o
Cap slope Vortex chamber distance (mm)
(a) - {(b)

Fig. 12. The centro-position of the #ravelling distance of Experiment No. IV.

450

450~

(kg/cm?)
5|

Centro-position of the travelling distance(cm)

2°g - 200
10 35/10 50/10 76 11/ ‘ ,
/ 5/10 50/ no /10 B2 B % 5
Cap slope Pressure (kg/cm?)
(a) b

Fig. 13. The centro-position of the travelling distance of Experiment No. V.

-2991-



‘EFY{EA A15Y A2 1973. 6. 30

400 400
- (kg/cm?)

» PN

1 P

E <

E e

2 T &

bt o

2 2

3 £

3 o

- » £

H =

] @

i @

: 1 .

. =

L]

3 300 b

- : e

2 S

3 ) 3

z __—\/—_—'25 E’

! :

20 $
5 250

. ¥

15
zw e ar e - | . e N
4 6 ] 19 15 20 25 0 35

* Vortex chamber distance (mm) Pressure (ke/cm?)

() : (b)

Fig. 14. The centro-position of the travelling distance of Experiment No. VI.

“ 1:Cap ;lope 3 : Helical angle
2 - Vortex chamker distance 5: Cap slope

3 - Pressure 6 : Vortex chamber distance

350

Centro-position of the travelling distance (cm)

-
g
w

N
«
)
-
<
b1

2

]

)
B
w
s
H]
-
L3
=
]
-
)
e
2
=
-3
]
a
t
o
=4
=
g
Q0
(%3

i

1B 25 3 45 55 B 20 25 @ %

Helical angle ¢*) Pressure (kg/cm?®)

(a) ()

-2992-



ERD MRSl Nozzleol BIE W (1)

400 400
1 ¢ Helical angle ’ . 2 : Helical angle
4 : Vortex chamber distance 4 . Cap slope
s 5 : Pressure : 6 : Pressure
O )
§ . $
8 350 g 380
2 €
- a
2 5 s
] 3 2
: ' : ___v__//
- s
*~ 30 u L
- 2 300 6
S s \__*__./ 4
2 5 "
2 3 /
1 b3 .
2 Iy
-] <
© =
© 250t £ o50f
o
200 N . ‘ L 200 -
0/10 35/1050/10  76/10 111/10 4 é 4 10
Cap slope . Vortex chamber distance (mm)
{c) (b)

Fig. 15. The mean values of the centro-position of the travelling distance with various factors
Combined.

Fig 9(a), 10(a), 11(a)% #& T~9el4 e&ﬁﬂ o £PHRE HEHREG A BEE AT
Helical angle #{b> HFFEA 1= BB ¢+ U
RS ZEFR 2 2HR BERE L+ 3

Table-7. Analysis between the centro-position of the travelling distance helical angle
and cap slope.

Helical angle Cap slope

Factor

15° 25° 35° 45° 55° 0/10 35/10 50/10 76/10 111/10

Ave. value of the

travellixzfndistance 359 3.4 297 274 3.63 298 313 33 33 35
Tukey test : a a b ¢ a 1 c c b ab a
ggf?ggxﬁﬂ test \ Quadratic, Cubic I Linear

Main effects **338 21 4 **107. 14

Interaction ++11.78 ' *411.78

Table 8. Analysis between the centro-position of the travelling distance helical angle
~ and vortex chamber distance.

Helical angle Vortex chamber distance(mh)

Factor

15°  25°  35° 45° 55° 2 4 6 8 10

Ave. value of the
travelling )distance 0320 3.09 28 275 330
m

298 299 302 306 318

-2993-




Table-9. Analysis between the centro-position of the
and pressure.

/IEFTHYA 4157 A23 1973. 6. 30
Tukeéy test ~ab b! c c a f b b - y ab a2
polyngncx,;:ll test . Quadratic, Cubic I Linear

~ F«valuzﬁects **246. 15 **30. 00
Interaction
F-value - **7. 69 ] **7.69

travelling distance helical angle

Helical angle Pressure (kg/cm?)
Factor
15° 25° 35° 45° 55° 15 20 25 30 35

Ave. value of the|
travelling )distance 3.09 294 281 279 341 2.43 2.5 301 336 3.68

m
Tukey test b c cd d a d d c b a
S:f?:g;g:ll test Quadratic Linear 4
%/I;i:hl:ffects *¥08a 57 **1192, 14
Interaction
F-value - *»»23. 57 +x23. 57

Table-10. Analysis between the centro-position of the fravelling distance cap slope
and vortex chamber distance. :

Cap slope i Vortex chamber distance (mm)
Factor
0/10 35/10 50/10 76/10 111/10 2 4 6 8 10
Ave. value of the
travelling )distance 2.43 2.66 262 294 311 2.63 2.68 2.78 2.8 2.83
m - .
Tukey test d’ c ¢ b a i c be ab a a
Orthogonal . . )
polynomial test | Linear ‘ Linear
Main effects |
F.value ’ **398. 18 | **43.36
Interaction
F-value \ *8.18 l **8.18
Table-11. Analysis between the centzo-position of the travelling distance cap slope and
pressure.
Cap slope ! Pressure (kg/cm?)
Factor - !
0/10 35/10- 50/10 76/1¢ 111/10 Il 15 20 25 30 3%
Ave. valve of ] \
travelling 2.66 2.89 2:92 3.19 3.27 2.32 4.7 2.93 3.28 3.66
distance (m)
Tukey test c b b a a i e d < b a
Orthogonal . .
polynomial tset 1 Linear Linear
Main Effects ! o
j Main E ‘ *+196. 32 ; +2828. 42
Foame | Tear | e

~2994~
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Table 12. Analysis between the centro-position of the fravelling distance pressure and

vortex chamber distance.

Pressure (kg/cm?) Vortex chamber distance (mm)
Faetor :
15 20 25 30 35 P2 4 6 8 10
Ave. value of
travelhng 2.23 2.46 2.79 3.15 3.57 278" 2.82 2.82 2.84 2.94
distance (m)
Tukey test e d c b a ; S b b ab a
Orthogonal . .
polynomial test Linear Linear
Main effects **1g5. 37 **95. 96
Interaction
F-value **24.30 **24. 30
Fig. 15(a) 8} & 7~94| 4 FifEE —MHo 2 25° ®3 Relet

ISl A 3REY BMEE Stz Hfh KA 2%kmy
BLE o] BMES 45° POl Sle€ 4 Aok
= RelA 15°9} 55°9) fEE AW F—33 15°004

45°71 7 8} WA BEF 45°604 55°71R] 9] ke

LEE G S U

Em({r MBItk vl B Fig 1
(), 13(b), 14(b)sk £ 9, 11, 12404 (BERFSH
LEPE L EHR & USE TF Ydod
3 TPRE TEHE 25 NS A HEEo
e & F ook

Fig. 15(b)st £ 9, 11, 12014 FiEfie —iw
o2 —Xkiy BLE 3 EHER y=168z+52
2 &7Y + U

RERRELT RBIEE =)A= %Q& Fig.
10(b), 12(b), 14(a)s}t %8, 10, 1214 MHERTF}e)
FEER 9 =R HFEREE & &+ gdov B
£ REHRE &3] HRle 3¢ ¢ 5 gt

Fig. 15(c)st % 8, 10, 12014 i —famhe

2 —%kpy WLE 3y @&biﬁﬁ% y=0.16zx+b,%
#mE 4 Uk

cap?l WEMLS BBESM v K@
Fig. 9(b), 12(a), 13(2)¢} & 7, 10, 1104 fHIHT
%9 ZRAFM 2 EHRT ABTE T 5 den
%55 EWHRE TEHR vok FEHO £5¢ 9
A+,

Fig. 15()s} £ 7. 10, 11914 FifEe —Bn
22 —XH BLE e EMERB y=0.6lz+bhZ
#re 4 Ut

LlEsl EFERR+T vy TidEgY 2+ &K
F9 K& Y= by, b, b EERTFA #K3
o RES Fig. 158} (a), (b), (c), (DAM 3@
o WOl —HIA e AL BRRFY Ao

2. ETRO| Sec/em/min Ll 2| MABZE

—RBTT BMEAECY, HAETEECY, ET
S LERS 2 5IESS ¥Bd §5 lcmig
of Scebhk EHToHe FBEMHE RERRAA BEH
o BBEEe Loz g

% Ko rtpafl2 HTFHMHLS @k N
EHH 2L Koz FEERS MR FRdd
¥ RR BToTROEES sEEEsS 2o EHR
£ Ve g

Fig. 16% o] E&olA KiEs THEE R
d & BFHE BT Aot}

£ 13—18¢ ©|E9 HHRERoIH

Fig. 159 (a), (b), (¢), (d)¢+ Fig. 169 (a),
®), (¢), (), & 7~129 F] 13~18¢ Lo#die
¥ MW Helical angleBit R E BTHAH0L
st Ti@e s mY MElete REES) A Ueha
Z Ak, %3 R 4o BRI Fig. 6(a) K
e ¢ 4 Aok

EL#(t SR ERERC y=2.02z+c,2 ET
il ¥ HE vk $4 25 Yshbz
2y h$ EpEa

AEMESL 13 A% SHte Az 2
oH 3 1404 TESE BEikol gems Fig 16
(€9 2 BEmRe KT 6 4fiMRel N R ERE
2 y=0.23z+c,2 ETFHMmPOA B s 1d
aA jegz s+t

Cap2) slopel{t R EHERC y=0.75z+c,
2 o} 94 ETHAL B HE ok 24 4
Sz glev o1$ apd RES HEMEe ety
2 9%,

Lleodd ZTF&el Scc/cm/min k) BkBR

-2995-~



$F5FH3A H15W 423

800
1 : Cap slope
2 : Vortex chamber distance

3 : Pressure

600

500

The maximum effective travelling distance(cm)

400 . ,

A,

15 25 35 45 55
Helical apgle )

. (a)

2 : Helical angle
4 ' Cap slope

6 : Pressure

7001

600

S00f

The maximum effective travelling distance(cm)

40 - “ . P
2 4- 6 8 10
Vortex chamber distance (mm)

(e

1973. 6. 30

300
3: Helical angle

5: Cap slope 3

6: Vortex chamber distance/ ¢

700

. 600

500

The maximum effective. travelling distance (cm)

400 . — N
1% 20 28 3 B

Pressure (kg/om?)

b

3007

1 : Helical angle
4 : Vortex chamber distance

5 * Pressure v R 1

-3
o
=)

o
(=3
(=]

ur
(=4
[=]

The maximum effective travelling Jistance(cm)

400 e L 2
0/10 35/1050/10  76/10 111/10

Cap slope

CY

Fig 16. The mean values of the maximum effective travelling distance with various factors.

~2996~



Rt MEHS Nozzleol WIS HoE (1)

Table-13. Analysis between helical angle and cap slope on basis of the maximum
effective travelling distance Table

! Helical angle Cap slope .
Factor I

| 15° 25° 35° 45° 55° 0/10 35/10 50/10 76/10 111/10
Ave. value of ‘
travelling | 7.05 6.63 5.73 5.35 6.77 5.87 5.92 6.35 6.42 6.98
distance (m) ! : ;
Tukey test ; a a be c a d cd be b a
83;1: 533:11 test Quadratic, Cubic Linear
Main effects ; \ ; B
e | **211.46 B **80. 13
Interaction i ] T
F-value ! **4.26 ¥4, 26

Table-14. Analysis between helical angle and vortex chamber distance on basis of the
maximum effective travelling distance

Helical angle

Vortex chamber distance (mm)

i
Factor - |

5. 15° 25° 35° 48° 55° | 2 4 6 8 10
Ave. value of | |
travelling i 6.63 6. 26 5.63 5.20 6.58 1 5.94 5.93 6. 00 6.19 6.23
distance (m) ' -
Tukey test 1 a ab be c a \ a a a a a

! U
g;lt}}r‘gg;?:ll test 1 Quadratic, Cubic E " Linear
Main effects | i '
F-value | L **43. 38 | _2' 42 L
Interaction i i
e | 1.27 ) | 1.27

Table-15. Analysis between helical angle and pressure on basis of the maximam effe-
ctive travelling distance
: Helical angle E Pressure (kg/cm?)
Factor ! e e

i 15° 25° 35° 45° 55° ‘ 15 20 25 30 35
Ave. value of ! o ] T
tl:avellmg g 6.18 5.95 5.19 5.42 6.40 | 4.08 4.75 5.91 6. 74 7.67
distance (m) ; | ~ —
Tukey test ab b ¢ c a ' e d c b a
Orthogonol | . : "
polynomial test | Quadratic | N Linear
Mein Effeats +4262. 00 | o1, 559. 14
phtetaction é ++19. 28 é +x19.28

Table-16, Analysis between cap slope and vortex chamber distance on basis of the
maximum effective travelling distance

| o

! Cap slope j Vortex chamber distance (mm)

Factor ! : — e _
0/10 35/10 50/10 76/10 111/10 2 4 6 8 10
Ave. value of | ST T -
travelling 4.55 5.18 525 5.8 6.29 5.18 5.18 5.45 5.64 5.64

distance (m)

=2997-
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Tukey test d c c b a b b ab a a
Orthogonal : ' .
polynomial test Linear Linear
Main effects :

F-value **306.33 | *¥550. 0
Interaction i -
F-value **6.55 ! *¥6. 55

Table-17. Analysis between cap slope and pressure on basis of the maximum effective

travelling distance

) Cap slope Pressure (kg/cm?)
Factor
0/10 35/10 50/10 76/10 111/10 15 20 52 30 35
Ave. valve of .
travelling 5.13 5.58 5.84 6. 28 6.60 | 4.28 5.42 5.81 6. 64 7.29 -
istdance (m) \
Tukey test d c c b a e d c b a
" Orthogonal . . B
_ polynomial test Linear Linear
Main effects i
F-value | esLss | L
Interaction ‘ i .
F-value & 9. OO | **9. 00
Table-18. "Analysis between pressure and vortex chamber distance on basis of the ma-
ximum effective travelling distance
. Pressure (kg?) | Vortex chamber distance (mm)
Factot _ S . S
15 20 25 30 35 2 4 6 8 10
Ave. value of o T
travelling 3.90 4.89 5.63 6. 61 7.31 | 5.59 5. 66 5.58 5. 69 5.82
distance (m) ) C
Tukey test e d c b a ‘ a a a a a
Orthogonal . 1 """ R
polynomial test 7 Linear L Linear S
Main Effects | **1,820.83 *+11. 33
- Interaction
P **12. 00 **12. 00
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Table-19. Correlation between cenrto-position of the travelling distance and the maximum
effective travelling distance or total discharge
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allocation : I | I ‘ I v vV o V mean
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