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Evaluation of the Impact Force on the Single Spray and Overlap Region of
Twin Spray in Full Cone Type Swirl Nozzle
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Key Words: Spray characteristics(&F5-43), Twin spray(®]5+#5-), Impact force(5-Z &), Particle motion analysis system
(FAF T EA A £H)
Abstract

The impact force on the single and overlap region of twin spray was experimentally evaluated using visualization method
in full cone type swirl nozzle spray. Visualization of spray was conducted to obtain the spray angle and breakup process.
The photography/imaging technique, based on Particle Image Velocimetry (PIV) using high-speed camera, was adopted for
the direct observation of droplet motion and axial velocity measurement, respectively. Droplet size was measured by Particle
Motion Analyze System (PMAS). The purpose of this study is to provide fundamental information of spray characteristics,
such as impact force, for higher etching factor in the practical wet etching system. It was found that the spray angle, axial
velocity and impact force were increased with increasing the nozzle pressure while droplet size decreased with increasing the
nozzle pressure. Droplet size increased as the distance from nozzle tip was decreased. The impact force of twin spray in the
overlap region was about 63.29, 67.02, 52.41% higher than that of single spray at 40, 50 and 60 mm of nozzle pitch, respec-
tively. Also, the nozzle pitch was one of the important factors in the twin spray characteristics.
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Fig. 1 Schematic diagram of experiment set-up for spray
characteristics analysis



Fig. 2 Configuration of nozzle

Table 1. Specification of nozzle
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Table: 2./ Experimental conditions for spray characteristics

Distance from nozzle tip Injection pressure
(mm) (MPa)
0.2
90 0.3
0.4
0.2
100 03
0.4
0.2
110 0.3
0.4
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Fig. 4 Visualization of Spray with pressures at 100 mm
from the nozzle

Table 3. Mass flow rate and Spray angle of nozzle with
spray pressures

Spray pressure Mass Flow rate Spray angle
(MPa) (kg/min) @)
0.1 0.59475 58
0.2 0.894218 61
0.3 1.132258 63
0.4 1.319838 66
0.5 1.493264 68

go] T84S FYT FHE G0N vgsrt 98
A olFoAE Aol ANHeZ BFHYoH, AU
o 93t Aol A Fgste] FFZo| F7heh= 4
S HAT BFREFS EAM] EAMEE Skl w
2 AgA oz U8 Sle A& Table 39014 FX4
o2 A% F Uk

3.2 CiRIRR| 2R8Y
321 27949 Y S5

Fig. 55 BAKE ] 0.2, 0.3, 0.4 MPadl z+ 27191 o

35

" 0.2MPa
s 0.3 MPa
30 » A 04 MPa
=
= 25f
&
=20
£
g 15f
-
2 10}
=
< st
6 b . . . :
[ 20 40 60 80 100
Radial distance, Rn(mm)
(a) Z = 90mn
38 = 0.2 MPa
ol ° 4 & 0.3 MPa
P o A A® ° A A 0.4 MPa
£ 251 4
B T
= 200
£
g 151
(3
> 10l
-]
< st
ol . . . .
0 20 40 80 80 100
Radial distance, RD(mm)
(b) Z = 100mn
38 = 02MPa
® 0.3 MPa
o 4 0.4 MPa
>
e
%
= 20}
&
Fi 15}
fxd
2> 10}k
=
< st
o L 1. i
[ 20 40 60 80 100
Radial distance, R (mm)
(¢) Z = 110mn

Fig. 5 Axial velocity with radial distance



%’—ZM SR i ool E‘%ﬁ}% B

O
1 S A HAY] EAjrESl S
E} -¢7}0¥7 i-oltt, gk MebAE e} dhagsk A
300
s 0.2MPa
® 0.3 MPa
.o L4 94MPa
5 s .&. . 2 MrE
VEZOO ZM‘%W" 3.;, u‘....g- ) & .
2 el £ 1% ﬁf; ) = .
§ a o :"‘ .
o ® Y
g 100} -l
? 50 .
=~ " - «
o 1 1 L i ’1 I3
0 20 40 ] 80 100
Radial distance, R (mm)
(a) £ = 90mm
300
= 0.2 MPa
» 0.3 MPa
— 250 - 4 0.4 MPa
E:?, 200 -
2
?5\ 150 -
B
@
o 100l
B
5 sof « "
o , A ; . . L
0 20 40 80 80 100
Radial distance, R (mm)
(b) Z = 100mn
300 .
n 02 MPa
s (.3 MPa
o e L A _04MPa
g 20 * -
et [ 'W.l.'nthw:w‘i " by " -' -
=) 150 - l*‘l‘";; ‘q{ :L: 3
£ P O X | P S A
= 2 A
g 100 M
g
g sor
o 'l 4 i ¥)
4] 20 40 80 80 100
Radial distance, R (mm)
(c) Z = 110mn

Fig. 6 Droplet size with radial distance

sl A vl Y3hersl R Al16d A 122011 31

o] Zhda¥|7] %i-om.
A AE 100 m agl Z7AoA &

& &=t 7P %ﬂl Uelsit), HiETe AAEE
= Zbzk 3143 m/seh 12.14 m/isE WERGT

322 el 727]

Fig. 62 A0} 02, 0.3, 0.4 MPa’l 7} 274
AAEZE 90, 100, 110 mmd of, A A&
o] Wl UERA Zoltl BARIEe] 27}
Buzd i gfog Z4E dze]
o} ol BARRFE o] ¥l 57
t‘ﬂ g ke 38 A7t %/}3}

.‘.?ﬁ,
pr £

4 o _EL
of
o

2o r{g g rir
E _Y‘i_\.qu

o

}:JE

3 t%

N
"r“

N
o
2N

ol
i

o W

ox £ ol

-
iooZ et iy

et ol EEEYNA B
=7} Wl B e FE
49 wgsm EERPEERIEE

I ope N g

©
R
Z
o
«r\r

o
of
Z
R
jo

rs
e
A
-
2
2
M
u

O

Zi
1o
1
s
e e
o
RUR:
aY
M
Y
N
=
<
Y

BE7} FdE ekt o]k 22 218 oA
oM Fda AINTS UrE}LH~tﬂ e d 2o Ab
B HolgA 4 HAYALS 717k 184.13, 18045 um
S} 100.68, 93.14 um. L}FJFLAM

323 DdRTeY 244
Fig. 7& E-AKE#E 0] 02, 03, 04 MPa 1 7} =730 T
AekA 27} 90, 100, 110 mme o), GdF-Fof &
TE 9 Aol whet vekd Zlolnt, B4

BRogo s 4ak 2AH0] sk Y
R

A
L glon, BARIYo] FrideE 2eal A

o % R
= rglm

o oy I ok

1
2

Ae)} ages FA0] Fke 4%e B
=

id

ol
X

TE Rygon, %*%%é 1 03 Mpaol. et IS *&UH&%
or az;«:z— PEES BRI 435} %Z%%ﬂ:z -Ef%wow



32 /JOURNAL OF ILASS-KOREA VOL. 16 NO. 1 (2011)

3.0

" 0.2MPa
¢ 03MPa
4 0.4MPa

I
o
¥

Ld

N
o

Impact force; I (uN)
[

1.0
0.5
0.0 . ~
o 20 40 60 80 100
Radial distance, R (mm)
(a) Z = 90mn
3.0
= 0.2MPa
¢ 0.3MPa
251 A 0.4MPa
é 20}
~§I
v" ¥
£
<
SRR
o
&
Eo.

Radial distance, R (mm)
(b) Z = 100mn
3.0
n 0.2MPa
25L * 0.3MPa
4  0.4MPa

TImpact force, I (uN)
o

Radial distance, R (mm)
(¢) Z = 110mn
Fig. 7 Impact force with radial distance

AFE 0.3, 04 MPa 2 ATAZ 100, 110 mm o o
4499 Hue HAAE 22 131, 1.03xN 2 0.14,
0.10 pN2.2 Uehdt),

3.3 O|EERS BHREYN

AN &5, 9 2 4] AAE 24
sto] 2 AAE v oZ gAdRTr SHHE aHE
At olFEF ZAYEL GUEF A$ur) v
g ALR diEr gty o)FEFME AdAY
9 REARMES 742 100 mm E 03 MPa® AT,

. Slng!e;l
« Single:
» Twin

fm\ 30 3 = *

E am AL

o]

Z2or

£

<

-4

'g 10 -

-t

ol PR TP
-100 80 60 40 -20 G 20 40 60 80 100
Radial distance, R (mm)

(a) Pitch = 40mn

=  Singlet
+ Single:
A Twin
o1 S 2w
B
o
Y
B
g
k)
2 10
'a -
i
-l
0 i i 4 1. Il i i i Y 1 i
100 -80 50 -40 -20 0 20 40 60 80 100
Radial distance, R (mm)
(b) Pitch = 50mm
40 = Single;t
« Single;
— 30 - - 4 Twin
2l -
' D00 amenMoan, a4
- W
-~ ‘\A . " Ad-
D.. / * ”’ ! \
:E' 20 / \w
.' -~
_§ e & » 'q
g N ‘l —n Ly . a
= 10
K]
<
o A 3. 1 i i i

100 -80 -80 -40 20 0 20 40 6C 80 100
Radial distance, R (mm)

{c) Pitch = 60mm
Fig. 8 Axial velocity with radial distance

A€ 40, 50, 60 mme] 2R APE S5}
Sﬁlu}.

94 —-7;‘1—‘50}%'“ &g W o]: 741’401] e} "PEP‘" 7‘“’15}
olFEN-e] FWY &8 TUE T v AAH
0.7 fol Eshe e Bk =3 ek £
g AAAA A FHIG SHFAA Ak



300
% Singiet
#  Single2
- 250 A Twin
£ 200l
n, 150l . gﬂ,wr"&”‘;“g*rsxﬂ,
-m " .
o 100
5
B -
& 50
A 4 ' y v

-80 60 40 20 0 20 40 60 80
Radial distance, R (mm)

(a) Pitch = 40mn

300
= Singlet
® Single2
— 280 4 Twin
5; 200 -
2 LN T Y
E‘ 150 1 :‘v,,t-'“‘\-hmt,,ki)‘ .
» ”
-] & L]
= 1001
B
E 50 |-
o 1 1 i i i i i i i
-80 60 -40 20 0 20 40 60 80
Radial distance, R, (mm)
(b) Pitch = 50mn
300
= Singlet
e Single2
- 250 4 Twin
E 200 |
=
QM ‘:", T Rt
150} o B e Aa T .
'g & .
o 100}
g
s 50

o L i L i i L i i
-80 80 -40 .20 4] 20 40 60 80
Radial distance, R, (mm)

(c) Pitch = 60mm

Fig. 9 Droplet size with radial distance

T BRgRos A% ghske 4L udth
FRTAN =BT} ZYFE REFHOEY
B o We 990) AH B &

ETRYES Byr) ol
=EFHRA} FIHETE FHAYG SHT GUER B4
o] Agrt dojA7] Wi o Be 994 44 22
20237} Jeple Aos AlsH Ed] FHAY
FHIME £5 A48 FER A8 AUE &%
ko

S Aoy ahaka) A A6l 122011y 33

54

27194

GR2e f&Rg o B oo 4 SxEEst
=4 Jehis Joz Hol oFAs SN (&
7oz AgEh 28 03 MPa, A9AE 100 mm

9l ZANA =2 A 7t 40, 50 B 60 mm o}, B
wZA 2ANA o] FEF- HUY £ DYEF
o] 2w Snnch A B HYY Sx0t o
8.61, 15.54, 13.45% T %7} k).

332 BRI Z7]
Fig. 92 2AKHE 0] 0.3 MPa, g7 27} 100 mm9!
ZANA =207t 40, 50 Z 60 mmY T, o]FEF

T T

23] 27004 7ol Rashs e wgth ol

FETe FHUGIN PRAA] FEL AT 2%

Bz Qlae] epke @Al Ba §e] A4

Q) AFE FRYA) FUR FHGA ko]
Q <]

dYE SHAA F
MPa, A&A 100 mm ¥ =F9A 50, 60 mm ¢ 9
u7del FHaek HAE 247t 16949, 14856 pm B
151.96, 142.58 pm= LERGETE FARRFE 03 MPa, 3%
A 100 mmel 2ANA =ZT A7 40, 50 2 60 mm
A, &9 40 & 50 mmELAA & o|FEFS
Aol TAF-Fo] AR} °F 3.99, 448% THF St
393 =F 92 60 mme ZANME 6.65% T 7

askgTh

33.3 olFaye 49
Fig. 10& 2ARIE0] 03 MPa, AtAEI7E 100 mom
ol AN &7 40, 50 2 60 mmA W, o] FF

To ) THAAY 2AHE WU A ot v
ERd Zlojth. olFEFe] SAHE GURF vlws)
W AR R RE =EA] 214X S40] €F
3] Zrbehs A4S 1At B8 499 AAH9 3
gk F4 499 AT th 2 e ol
ZFHEY FANM U ot & AHF0] At



34 /JOURNAL OF ILASS-KOREA VOL. 16 NO. 1 (2011)

2.5
= Single1
a a & Single2
20 4 Twin
p— -
< 1.5 -
g » ]
-
& 10}
- Pl | a ™
g .
2 1 -
0.5 . o
E & n
'3 -
0.0« . . . . . . : .
80 80 40 -20 0 20 40 60 80
Radial distance, R (mm)
(2) Pitch = 40mn
2.5
=  Singlet
s Single2
_ 20} A A Twin
Z
Z
- 1.8 1
&
£ .0 LI
= A .8
- L .
&, & -
05}
E s a
®’ ]
0.0 L . . . . . . . .
-80 80 -40 -20 1] 20 40 60 80
Radial distance, R (mm)
(b) Pitch = 50mn
25
a  Singlet
o Single2
— 204 A Twin
P4
3 a
- 16} e
£ .o ot 4
bl e
§ o [
05} P -
E K [
@ =
0.0

% ®0 40 20 0 20 a0 eo 80
Radial distance, Rn(mm)
(¢) Pitch = 60mm
Fig. 10 Impact force with radial distance

H ha
2RV} 2otk TS RAOH, FAYY L
sl ATE BT webd w297 50 2 6

[e]
&

O
2 ALRHET E§ Al F9ES v oY &7
o ANAL BF dHE| A, U &5, 249
I Y- AARATE Sl A2 AIRHG®, 2wk
E57t ZINEFE o Ase S8t YA e
T5 A FAE7 Sk, $H o) FEFE 9
AAFE S8l AR Alsdch 2A1ME 03 MPa,

AeAZ] 100 mm 2 =53] 40, 50, 60 mm ¥ ) F
Age] H39 A= 77} 2,12, 2.12, 1.64 uN 2 1.59,
1.96, 1.32 uNO.Z JElstTh EANREE 0.3 MPa, A7
2] 100 mm3! ZAoNA =& 3|7} 40, 50 2 60 mmY
o, € =& 27 o|FEFY FHYo| &Y
R 2AY Bt AA HHo F7He| oF 63.29,
67.02, 52.41% "H 71 &ttt

3.4 225N oIS 24

NAEA T BREA o) A3t APt o5l
ANZAF} & FBBAE /e BFEEYN= S0
£z9 QAo s FHHE 24Y e, F4YS
T3 BARHE 2 A9AE 24494 =&9X] 743
o wie} S & FFE X AeE dEA
Aek. T3, @ o)t SVt S =71 U8t
3L AEe] QAo| adte FAHYL kgt A8
< aAok

Fig. 112 Z} BAIGHAN &R0 & Z-4
W3S Jepd Zlolg AvAEr) S71E4E RE
E9 X 27K FHEo] AP on, =&
7S 490 fdadte 202 Yeut =5
X7t F7HetHA HAH ] iAol PAaFERE 2o uf
& FAg0] hdle o2 AIEHD

Fig. 11(a)= EAFE 02 MPa2l 274 AgdA
Walo] WE 47 £¥E Jehdh AgAEs) &
NEFE BE 229X 27004 FH o] TAEHL
W, =E9X7} F71E5E FHYHo] s Fe=
Vet 38 AdA2 100 mmA| gl =& A W
glol]l w2 FA=H ] Wyt A9 gl 222 Y=
dl, ol& ez 100 mmA oA #UT AAEE7t
ehpr] el Aoz AlsHc)

Fig. 11(bys EAILE 03 MPa) 270 AgAg
Halo)] WE 7o) XX E Ve dRFes A
GA7} 271A45E BE 22T ZAA ZHHo)
Zasgon, AgAd 100 mmAEY § 7480] =
94 40 ¥ 60 mmARF €] =& 50 mmAR
ANrE F4Eo] =4 Yepgrt ol =&9A 50 mm
A ZolM 40 2 60 mmS] ZANA B} e £u )
tha =4 velgEA S4E0] 24 Uehd Ao= A}
¥

Fig. 110} 2AFYE 0.4 MPa2l 27olA AetAg)
Hslo] e 2Ago ExE vehdch gRF oz A
GAY7} 27148 RE =20X] ZA0AM Z4Ho]

N

NS o



3.0
* Z= 90mm
®  Z=100mm
28f - A Z=110mm
z
2 20}
_‘S‘- i
g 1.5 |- ® .
L 2
& . ¢
o 18 -
a »
E o5
o(o i 4 1
40 50 80
Piteh, (mm)
{a) P = 0.2 MPa
3.0
®  Z= 90mm
s  Z=100mm
25
= — 4 Z=110mm
3 20} e T
= o T
— . .-
g 16} A
£ A ®
& -
= 1o
2 -
E os)
oo i I i
40 50 60
Pitch, (mm)
(b) P; = 0.3 MPa
3.0
® Z= 90mm
25l s  Z=100mm
yyyyyy —— 4 Z=110mm
A — -+
& 20} . .
-‘;;, S L]
& 15}
ﬁ ry - *
&
o e »
g S
E o5t
0.0 x 1 :
4D 50 60
Pitch, (mm)

{c) P; = 0.4 MPa,
Fig. 11 Impact force with radial distance

1

o

&80 w92 S0 mm 2 ATAE 90 mmel &
Ax FAHe] 7 A dehled, ol 2&9X

mA A 40 2 60 mmo) 2NN B} ek
b O =) JEREA 4] 3 et A

S
2

4B
f1

ey Aol g letEl A A 16 A 18011y 35

) #AREEe] B7hR mek 2R 2be HYHow
F7koht 7 371e 23H £l 59 Holste

e 2 HEhdoh

3) o} EFN A =EH X7t 60 mmel 7o

Rl f&uh ¥ g 9o 4y &nEest
=mio A felE ROR oS8

NA =Z23 A7} 60 mmel ZANME A

7IR7] w R FUE ESHeA

X
oo
w©

2
o
o
off
|
rC

=
s
ofy
HE 4
-

=2
2
lo
fru
o

A o,

R

5) ]
&M =
0.3 MPa,
40, 50 2 60 mm¥ o, AA FF
67.02, 5241% ¥HE 271 skt

Hoo|o g
S
R £ r
T

o gl
I

- N I -

o
S @ o
o
=
[

dEFo HlwsE 2E
A SIS EANE
|4 =& A7}
#ol oF 63.29,

2
2 ol

o
ae)
2l
I ofy

2

=

=]

1o
Lo

ol
i}

o FA FAStEL 55594753 Lol o
3] ATFHALS,

(1) K. Abate, “Photochemical etching of metals”, Metal
Finishing, Vol. 98, No. 6, pp. 414~417, 2000.

(2) K. B. Sundarama, R. E. Sah, H. Baumann, K. Bal-
achandran and R. M. Todi, “Wet etching studies of sil-
icon nitride thin films deposited by electron cyclotron
resonance (ECR) plasma enhanced chemical vapor
deposition”, Microelectronic Engineering, Vol. 70, pp.
109~114, 2003.

(3) D. M. Allen, “The principles and practice of photo-



36 /JOURNAL OF ILASS-KOREA VOL. 16 NO. 1 (2011)

chemical machining and photoetching”, Adam Hilger,
Bristol, 1986.
(4) H. Takei, H. Kawamura and Y. Ohta, “Developement
of a new HDP source for LCD etching process”, Soci-

ety for Information Display 98 DIGEST, 1998.

A93, ALY, FAT, A4 E, ‘=59 249 #4x

BTt ol e HAEEES ¢ A =)ol 1
e 97, Hd71AIss= £3 BH, Vol. 28, No.
11, pp. 1459~1466, 2004.

(6) =, &4, HET, “olFEF ZHY oA
NAR-F5E 9 FATE BAo & & A7, gz
A3 =87, Vol. 28, No. 3, pp. 635~644, 1994,

(7) BAY, AYR, AYE, ©lFEFN £F B4
ANFER ] FEAA”, a7 A S =83 BY,
Vol. 28, No. 4, pp. 449~455, 2004.

(8) BAY, HYE, “F AT =2 § Ao w2
S BAE 9 RS el A a,
e 1A 83 =23 B, Vol. 28, No. 7, pp. 842~849,

G

~—

2004.

9) A. J. Yule and 1. R. Widger, “Swirl atomizers operat-
ing at high water pressure”, International Journal of
Mechanical Sciences, Vol. 38, No. 8-9, pp. 981~999,
1996.

(10) 93, 1359, °15X, “=¥ =59 7Z WP}
BF SA nAeE 9%, Al 388 KOSCO
SYMPOSIUM =&3, 2009, pp. 95~100.

(1) BAY, AE, AYZE, ©o|FEF FHE 94 @
YEFAAN HHel AF 547, tf d7)ASS =
B, Vol. 24, No. 10, pp. 1300~1308, 2000.

(12) BA9, AYE, “AA 715 Aladox] B 54o)
AAEA WA= Il B A 7, HIA S
=54 BY, Vol. 28, No. 1, pp. 109~117, 2004.

(13) A&, A5S, 3A3Y, J9F, 48 =5
o-§3 InvardEae] Azt BAF zH) o] mx|
= 9%, d344FE3 A, Vol. 23, No. 8, pp.
47~53, 2006.



