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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
[kg/m3]

Viscosity 
[mPa·s]

VOC 
Content[g/L] 

NV 
[%] 

A 1700 650 513 73.8
B 1970 680 330 83.6
C 1960 850 299 85.8
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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 
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Table 3 Conditions of test paints 
 Pressure 

[MPa] 
Flow Rate 
[10-6 m3/s] 

Thinner Additive 
Rate [vol.%] 

A 13.0 27.4 0 
B 13.0 23.1 0 
C 13.0 17.9 1 

Table 4 Table 
5 Table 6  
 

Table 4 Painting efficiency [%] (Paint AA) 
  Gun Distance [m] 
  0.3 0.6 0.9 

Wind 
Velocity 

[m/s] 

0.0 99.0 94.3 90.1
2.0 99.7 91.7 77.6
5.0 96.7 71.2 27.0

 
Table 5 Painting efficiency [%] (Paint BB) 

  Gun Distance [m] 
  0.3 0.6 0.9 

Wind 
Velocity 

[m/s] 

0.0 98.6 98.7 95.2
2.0 98.6 94.7 79.8
5.0 96.8 83.8 53.7

 
Table 6 Painting efficiency [%] (Paint CC) 

  Gun Distance [m] 
  0.3 0.6 0.9 

Wind 
Velocity

[m/s] 

0.0 96.0 98.2 94.9
2.0 92.6 97.2 93.0
5.0 96.1 92.8 81.1
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Table 7 Table 8
Table 9

Table 7 Fall paint [%] (Paint AA) 
  Gun Distance [m] 
  0.3 0.6 0.9 

Wind 
Velocity

[m/s] 

0.0 0.039 0.398 0.921
2.0 0.051 0.528 1.35
5.0 0.258 0.441 9.32

Table 8 Fall paint [%] (Paint BB) 
  Gun Distance [m] 
  0.3 0.6 0.9 

Wind 
Velocity

[m/s] 

0.0 0.05 0.072 0.543
2.0 0.323 0.155 1.10
5.0 0.055 0.472 3.14

Table 9 Fall paint [%] (Paint CC) 
  Gun Distance [m] 
  0.3 0.6 0.9 

Wind 
Velocity

[m/s] 

0.0 0.006 0.018 0.049
2.0 0.008 0.021 0.092
5.0 0.007 0.212 0.622

VOC

Table 10 Table 
11 Table 12

Table 10 Fly paint [%] (Paint AA) 
  Gun Distance [m] 
  0.3 0.6 0.9 

Wind 
Velocity

[m/s] 

0.0 0.451 0.360 0.444
2.0 0.390 2.13 6.39
5.0 1.08 7.88 31.4

 
 

Table 11 Fly paint [%] (Paint BB) 
  Gun Distance [m] 
  0.3 0.6 0.9 

Wind 
Velocity

[m/s] 

0.0 0.716 1.04 0.575
2.0 0.686 1.28 4.94
5.0 0.911 6.61 24.9

 
Table 12 Fly paint [%] (Paint CC) 

  Gun Distance [m] 
  0.3 0.6 0.9 

Wind 
Velocity

[m/s] 

0.0 0.580 0.672 0.331
2.0 0.788 0.354 1.07
5.0 0.562 1.32 6.89
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Fig.5 Orbits of paint BB particle 
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Fig.6 Simulated painting efficiency of paint BB 
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Fig.7 Simulated results of particle size 

distributions 
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(c) Results of paint CC 

Fig.8 Comparison of simulated and measured 
painting efficiency (gray: measured results, 

black: simulated results) 
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Fig.10 Picture of the experimental setup 
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Fig.14 Separation of tail region 
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Fig.15 Relation between spray gun pressure 

and rate of tail region 
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