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A Fundamental Study on Improvement in

Efficiency of Spray Painting

by
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Kenji YAMANE, Kazuyoshi MATSUOKA and Chikahisa MURAKAMI

Abstract

Improvement effect of painting efficiency by using low volatile organic compounds (VOC) paint
was investigated experimentally and numerically. We measured painting efficiency of low-VOC
paint and conventional paint under crosswind by wind tunnel experiment. The painting efficiency
and particle size distributions of spray of the test paints were calculated by simple numerical
calculation. The efficiency of low-VOC paint was clearly better than that of conventional paint. It
was shown that the motions of spray particle of the low-VOC paint were predictable by the simple
numerical model.

And, we developed quantitative evaluation method of airless spray by using entropy of gray
scale image. Stroboscopic method was employed to visualize the spray. An undesirable "tail" region
of the spray is detected as low image entropy area. As against the conventional visual judgment,
the proposed method enables a quantitative evaluation of spray.
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Table 1 Properties of test paints

Density | Viscosity vocC NV
[kg/m?] | [mPa's] | Contentlg/Z] | [%]
A 1700 650 513 73.8
B 1970 680 330 83.6
C 1960 850 299 85.8
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Fig.3 Electric furnace
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Table 2 Experimental conditions

Wind Velocity [m/s] 0.0, 2.0, 5.0
Gun Distance [m] 0.3, 0.6, 0.9
Spray Time [s] 15

BAES A% Table 3 IR d, BE~DFINE N
% 13.0 MPa T—E & L, £8E% 13.0 MPa
THEH L728Ea., BEHAR &I Table 3 © X 51272
ST, TR TR CEH U 7o B R S
(kgls) Z¥EIEE (kg/md) THRLTHEME L,
B FE DN O EREEE O BB Cidfth o 2 BEHT R T
maENLRn, o, BE CIEEDOE E TIIESE
ISR WEROEMEThH o220 RREEE 1%
DFRAY T —%THIN LIz, 2B, /gD Table
LIZFHEMOBE C OMMEMHEIX. v F—HRED

HWTH D,
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Table 3 Conditions of test paints

Pressure | Flow Rate | Thinner Additive
[MPa] | [10°6 m¥/s] Rate [vol.%]
A 13.0 27.4 0
B 13.0 23.1 0
C 13.0 17.9 1

ERRES

Table 7 Fall paint [%] (Paint A)

15

Pk 25 4R )

Gun Distance [m]

0.3 0.6 0.9

Wind 0.0 | 0.039 | 0.398 | 0.921
Velocity | 2.0 | 0.051 | 0.528 | 1.35
[m/s] 5.0 | 0.258 | 0.441 | 9.32

2.2 ZEMEFHAROER
221 BEDEDOAEHR

FBE OB AE N ORERE R A Table 4. Table
5 ¥ X O Table 6 (277,

Table 4 Painting efficiency [%] (Paint A)

Gun Distance [m]

0.3 0.6 0.9

Wind 0.0 99.0 | 94.3 | 90.1

Velocity | 2.0 99.7 | 91.7 | 77.6
[m/s] 5.0 96.7 | 71.2 | 27.0

Table 5 Painting efficiency [%] (Paint B)

Gun Distance [m]

0.3 0.6 0.9

Wind 0.0 98.6 | 98.7 | 95.2
Velocity | 2.0 98.6 | 94.7 | 79.8
[m/s] 5.0 96.8 | 83.8 | 53.7

Table 6 Painting efficiency [%] (Paint C)

Gun Distance [m]

0.3 0.6 0.9

Wind 0.0 96.0 | 98.2 | 94.9
Velocity | 2.0 92.6 | 97.2 | 93.0
[m/s] 5.0 96.1 | 92.8 | 81.1

M, RO S (R U= 0.0 m/s, HiE D
=0.3m) ICBVT, KB & ITBAEZEN 100%
WV, — 7 A, BEBEOESM (U= 5.0 m/s,
D=09m) IZBWVWTiL, K VOCH & BB LW
CIETERA D BB AT~ TH S NICBE RN
HIMLTWD, 2, BEOMK VOC fLic kY
WEFERL T OIS (EEW) SR Lz sE
Z2 b, 7k, RBREMmEE, B C IIMER 0%
NRETE, BEDFRITANDLOO, EFRERE
HONEFLNRVIRE REREREOFTR) Tho
77
222 ETHFEDATERE

EBELOE T 'O WP ERE R % Table 7. Table 8
¥ X O Table 9 127”71,

Table 8 Fall paint [%] (Paint B)

Gun Distance [m]

0.3 0.6 0.9

Wind 0.0 0.05 | 0.072 | 0.543

Velocity | 2.0 | 0.323 | 0.155 | 1.10
[m/s] 5.0 | 0.055 | 0.472 | 3.14

Table 9 Fall paint [%] (Paint C)

Gun Distance [m]

0.3 0.6 0.9

Wind 0.0 | 0.006 | 0.018 | 0.049

Velocity | 2.0 | 0.008 | 0.021 | 0.092
[m/s] 5.0 | 0.007 | 0.212 | 0.622

EHEESICB W TR VOC BUSBE O TRO
KRN BEETH 5,
2.2.3 RBHMFEDATEHR
KBEOR B E O EFE R A Table 10, Table
11 8 £ O Table 12 (2777,

Table 10 Fly paint [%] (Paint A)

Gun Distance [m]

0.3 0.6 0.9
Wind 0.0 0.451 | 0.360 | 0.444
Velocity 2.0 0.390 2.13 6.39
[m/s] 5.0 1.08 7.88 314

Table 11 Fly paint [%] (Paint B)

Gun Distance [m]

0.3 0.6 0.9
Wind 0.0 0.716 1.04 0.575
Velocity 2.0 0.686 1.28 4.94
[m/s] 5.0 0.911 6.61 24.9

Table 12 Fly paint [%] (Paint C)

Gun Distance [m]

0.3 0.6 0.9

Wind 0.0 0.580 | 0.672 | 0.331
Velocity 2.0 0.788 | 0.354 1.07
[m/s] 5.0 0.562 1.32 6.89
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Table 13 Coefficient ® (w = logio Rep)

o(Re,)

Re,, <0.01 1- 3/16Re,
001<Re, <20 | 1+0.1315Re* 200"
20 <Re, <260 1+0.1935 Re )"
260 < Re ,, <1500 44 Re;—1.1242+0.1558w)
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E., METHDI, HFOEENPRKREWVWE, HDH0
TR DEENE VR, ¢ TR LEAEKKOE
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Table 13 D #EIZH:F Reynolds 3% Rep, D B$ TF*
END ¥, Rep Tk & 225 D xHHEE & L F B
EELTERIND,
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Fig.4 Spray model
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TREEKEL, BEDELZETHEMCTCHD, —
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720, AT S DO AT Dldp) % 5 Z X8
ENENMETE DL, T2 TIRRFESMELT
WDH v~z L,
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(1)
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TH D, Z O TR T1% dp 2’ 120,130, 140zm
DRLFIIRE DT IV 2R A (a)F TRIEST B0,
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Fig.5 Orbits of paint B particle
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Fig.6 Simulated painting efficiency of paint B

3.2.3 MIFEDTDHEH

Fig. T IC B BEOR TR M EERE2 R, B
BEA, BB B, BB C OIEIC B — 2 DR T2 /1
<, FNETRFESADIENIAL o Tz &
fEshsd, £/, B CEIEY—Z R BN/ KE
SHEFENITHRYDRERROKTHEEN TN
EHERIE D, ZHIERTE ORBREIEE OFT A L
H—HT 5,

Distribution Function

0 50 100 156 200. 250 300
Particle Diameter [um]

Fig.7 Simulated results of particle size
distributions
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