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An Experimental Study on Breakup Mode of Epoxy Paint
Discharging from a Fan Spray Nozzle
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Abstract

In the present work, the breakup mechanism of highly viscous epoxy paints discharged from a fan spray nozzle was exam-
ined experimentally. The paints tested were non-Newtonian fluids, composed of epoxy resin, solid particles and other addi-
tives. The paint spray discharged from the nozzle was visualized and recorded using a digital camera with back illumination.
Due to presence of the solid particles, perforation of liquid sheet was observed in most cases, even at low-Reynolds number
conditions (Re < 15,000) where the aerodynamic-wave breakup mode is used to be dominant for pure liquids. However, with
the increase of the particle concentration, the sheet became longer and the thickness at breakup became thinner to some
extent. This is because, with higher concentration of solid particles, the stabilizing effect by the viscosity increase predomi-
nates over the destabilizing effect by perforation.

7|54y P 9% [kg/m’]
G ITFAREE [Wt%] OlcH& K}

t EIx Aol A 9] Aet FA [m]

W AFHE [kg/s] P IR

A &z [m/s] 1 A A

0 227t [rad]

B EEE [m]

ro o Rao) [m] 1M E

007d 78 199 " ~20074 94 8 YAYE) NEAA 5= FE WA HF-H 8o 213}

AL, B4, =T e o 3 p2E, 53] Aute] mggAd dy AHEEZ
E-mail : sangyonglee@kalst ac.kr tl, Yutgo g JEAA EEE O Z9 1FA
TEL : (042)869-3026 FAX : (042)869-8207 - o o o

SR 22 Eete TYES HRE f49) A5E
=g 9, 2Pz EIAA =5 E vEEl] A




sl A u] @ aheks| A A 129 A)33.(2007) 139

O
=
2

144
B
|o
]

£ AUl R0 ol £ 24
el WP AYBARE S99 FUA
§ £88 AN 2R Bge sl u
o SHEAEAE SEA e 5o
G oA oS FYRAR A BATER
SNask] A FYRALE Q1% EUFE Aok
oM BREEE PPN SH, 01 ‘
@ NAFe] eEQAA L S e 4

K rg }a‘h‘

H7F 894
Aok 22 Qg S8 dHE9 %j—f} o5 o
Hatwlis e 28 Ao AHEY 2F e od] A

A9 G 7] ABOILD 0|9} o olaw o7
oo 53 g BRE A7) AT AR, o
vte) rd7loh AR ES] Gl tigt ofsizh M
S|

olok sli=d), oli= Ywtzo g YR I} o B
3ol ofuke] Bl AujAR] JFE L] o

v EskE AHEY] JE #HE 2T dTE
njaA] sAo] goldt wEl fA] SlAd S 9 FdE
A F4or Aol Snyder 592 Wangd
Lefebvre®7} ARS8 T d@FAI2] E4¥ 9 HY} 4
L glolM gAY Felste) 2Eo] AASE A
o] A5 FATEN, MPEF L E2HE BAE:
Il frAlel] Bk A FA G AlQtstddch vtel] A
N T2 RE BALE S BwE fAle] gl At
3= Janna®t John'3} Xing 5492 H--=liol] 98|
5]} Janna®t John& W&l (Bingham)F-#¢] &
i MERF=ER FAAAE o =58 e A
e S Est dA AF4 S Ateidct i,
Xing G2 AP PR =Forle] ehd 2 128 9 E5at
AN A718 BA F5 9 &9 HE9
dakd aEstd 4 AFAE At olEg 7]
Q- Yd7dol elGel &t %

__,

7t At
Mulhem 598 78470 727} @ Z3u)go] At
o) vXE 9%e FAHoR Arsyon, ok
o] AellA R EH A £E7He] A
teiAE = EHA goket. ol 71E ArHLE o
cieh o, ol HA) A =g o} Zho] LFAPES Egst

E A B BAE 2 fAlS wRaA) o
g A wulg Aol mebd ol st fA9) £

7t ) A% 712A77H Haste

rx
s
-
[y
o M
2
X
N

S

o
=2
{122
B
2
o
e IF
e of
u

I

X
I
P
o HE
oX.
ol
2,

>
>

i

fr

2

: il
= 2 ©
Mz

= 8

N

£

9_|‘
ot 2 oft
£
o
1o 1o oy
KoM
N, i
Lo
ol
:{o

=
2
e

¥
B
JR ok! o}l
N,
S
-
>
>
)
s
=
> g
N
e
fio iy

)
X
-'1~

z«} _L].o] A) ;g-oﬂ o
5ol ojgt 2g9] 4
ed FoERY *‘-55”‘3
ofs] JFtEA HFHOZ
t}. Dombroski 9 Fraser®:=

—°_— )\% ':94 °ﬂ]f‘

=3

Jzi

2

1%
=
R

f

ar
[T ok
o
Oh

o Jr

o
ity

“0 o
2]

i

B

£

oo Mook 1 Hr o

w
“E HU S-l—: i

i

4t Tl o 12 41 8

I S

St
Wome 2 [y 12 sl 12 oR Mo

o
o

fo B g
% R oX Rk R

=

1)
ic)
lo
L

mlN
lo
u
%

Coox mon R

I
I

fo 1
A
LN 7

oY,

[

J%

_F

o

1)

mlm

N

oxl

1o

i)

e

O

1
b
i
~
T

1o,
5
™
A
lo
ki
o) OH
N
4
JSJ_.:
_134_
il
. 1o H’N
i oXx
ox
2
fo
o
Mo

& A
2]1}, Dombroski 9} Fraser‘g’ 7} A A g
Myyh 78 AEo] %8y u)i
£7F58HA 9] of Hof tisA= o}F 3‘;_‘)1,?15‘;1 v} ik,
b, Bk Aol & afstel L7 e
A fll Sl dPge) Aol Ad
RS TR R S48 $ETE d2e
= X}iiﬁ 2857)%= ojgrh

QrNE TRYEE FRS MRHAA
éM HEg Rele ];!s_q A g/ AygRnyzar
B 2AENE B $71F 2 BEEAE S5 7]
WS o] &3k J)r?—hf}%il:} E3), 284 7o
o} BA golre} ofet £Ag} e B
= el AH8 ekobrgiel.

ok}
2
1o
o
.
ined
i

Y
He
ol
rr
r>~
y,n
ﬂll

e
R
Ol
S
3R
o

2 o|%ol4 ik
> 7hel e B (air-
operated pump, Asahi-Sunac Co., Model: Super bear 45),
HazollM otz g oHE e dshe GHoR(EA
AER 9 1.7~31 MPa) 2EétdFE 319 gl Fw olE
(air-operated high-pressure regulator, Graco Inc., Model:
C56156), ;8.5 A ATz 2ZH o] A (spray-gun)o
2 P4t Pus 37 vE PEYHoR, Ay
31.5 MPaZkA] A J 7¥tol 7hesiH, 7iE Ege
IAE Bold Axgoldd FgdEth 38, 1@
SQIE Q) 58 AuEA BAske @ dolHst

B FEYE uioﬂ Ee o



140 /JOURNAL OF ILASS-KOREA VOL. 12 NO. 3 (2007)

Pressure o
Regulator Q > Building Air
A -
Air-operated |

7 tj Paint Storage
Air-operated
High Pressure Pressure
( Regulator Regulator
Filter F=——-q Flash
1 Building Air
Spray Gun
Q Pressure
[_Ej Transducer
Honey comb Digital camera

M I—
J | I

Computer

Paint tray

Fig. 1 Experimental setup
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Table 1. Components ratio of the test fluids (wt%)

Epoxy Paint
Tes‘t Main Fluid EpO)fy Thinner
Fluid Solid . |Hardener| Resin
. Liquid
Particles
A 0 0 0 0 100
B 8.7 8.7 3.4 0 79.2
C 231 23.0 8.9 0 | 450
D 394 39.2 15.2 0 6.2
E 0 0 0 10 90
F 19.6 19.5 7.5 48.6 4.8

Table 2. Properties of the test fluids

Test G Density Surfe_lce Viscosity
Fluid | [wi%] | [ke/m’] Tension at31000/s2
[mN/m] [ x10° [Ns/m?]
A 0 820.5 25.6 1
B 8.7 881.1 28.2 3
C 23.1 1008.5 29.9 18
D 39.4 1207.5 30.0 660
E 0 1107.8 41.6 760
F 19.6 1189.9 36.8 454
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Fig. 2 Variation of apparent viscosity with shear rate
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Fig. 3 Drop size distribution of solid particies in main
fluid of epoxy paint
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Fig. 4 Liquid sheet breakup (P=2 MPa)
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(a) Fluid A (Cp=0 wt%)  (b) Fluid B (Cp- 8.7 wi%)

(¢) Fluid C (Cp=23.1 wt%)  (d) Fluid D (Cp=39.4 Wt%)
Fig. 5 Liquid sheet breakup (P=12 MPa)
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Fig. 6 Perforation of liquid sheet (P=2 MPa, Fluid D
(Cp=39.4 wt%))

(¢) Ligaments and droplets
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