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Measurement method of nozzle atomization angle

based on image processing
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Abstract ; Aiming at the measurement of nozzle atomization angle, the measurement method of nozzle
atomization angle based on image processing is studied. A telecentric lens optical imaging measurement
system is designed and built, and the image processing algorithm based on image gray threshold segmenta-
tion, edge recognition and angle analysis is studied. The atomization angle and deflection angle are ob-
tained by processing the spray image. In order to verify the measurement accuracy of the system, the

standard angle block is used for measurement. The maximum relative error of angle measurement is 1. 01 %
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and the measurement uncertainty is better than 0. 10°. On this basis, this optical imaging measurement

system is applied to the atomization angle test of A, B and C three types of nozzles. The results show that

the method can effectively obtain clear images, and the atomization angle and deflection angle can be ob-

tained by threshold segmentation and edge recognition algorithm. The measurement uncertainty of atomiza-

tion angle for three typical single nozzles A, B and C is 0. 806°, 0. 279° and 0. 624°,and the measure-

ment uncertainty of deflection angle is 0. 207°, 0.402° and 0. 620°, respectively. The average measure-

ment uncertainty of atomization angle for A, B and C nozzles is 0. 659°, 0. 427° and 1. 291°, and the av-

erage measurement uncertainty of deflection angle is 0.389°, 0.231° and 0. 487°, respectively. Therefore,

the test method of nozzle atomization angle based on image processing can provide intuitive and effective

basis for evaluating nozzle atomization performance.

Keywords ; atomization angle; deflection angle; image processing; threshold segmentation; edge

recognition ; measurement uncertainty
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Fig.1 Typical example of atomization angle image processing
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Fig.2 Calibration system of standard angle block

based on backlight illumination mode
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Tab.1 Accuracy specification of standard angle block
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Fig.3 Image processing results of standard angle block
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Tab.2 Test results of standard angle block

PSR - K LR EILE/N B MRS AEE xR

L/ () WA/ (o) WEAE/(0)  WEE/(0)  WEAE/C) WEE/C) EC0) BAC) 2%
15.17 15.29 15.38 15.28 15.28 15.32 15.33 0. 067 1.01
30. 33 30.20 30. 15 30. 12 30.26 30. 18 30. 18 0.090  -0.50
45.50 45.45 45.42 45.47 45.53 45.42 45.46 0.078  -0.09
50. 00 50. 02 50.11 50. 04 50. 08 50. 03 50. 07 0. 064 0.11
60. 67 60. 68 60. 72 60. 71 60. 73 60. 69 60.71 0. 036 0. 06
75. 83 75.88 75.81 75. 86 75.91 75.85 75. 86 0. 063 0. 04
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Fig.4 Measurement system of nozzle atomization angle

based on bottom light illumination mode
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Fig.5 Test image processing results of three

different types of nozzles
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Tab.3 Atomization angle and deflection angle of

three different types of nozzles B4 (°)
M5 I 740 AU TRt F %A
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Fig.6 Image processing results of Fig.7 Image processing results of Fig.8 Image processing results of
typical nozzle test of type A typical nozzle test of type B typical nozzle test of type C
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Tab.4 Test results of atomization angle and deflection Tab.7 Average values and uncertainties of atomization angle
angle for typical type A nozzle L. (°) and deflection angle for three single typical nozzles
— - . B (°)
i FACAEUE P Ak A BB —
BiE ik WAbE A (CEEE
W 67.32 1.60 ME P OPHE REEE R
B 67. 87 1.76 A Y 67. 82 1.73 0. 806 0. 207
H=wk 68.27 1 84 B %Y 68. 96 1.01 0.279 0.402
(oF] 72.46 1.21 0. 624 0. 620
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4—4— N
Tab.5 Test results of atomization angle and deflection 3.2.3 AB.CETRETHMNESRE 24
angle for typical type B nozzle Bfr;(°) ABC AU 3 FhAL S, ] A S 1 A )
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Wit L LEEE o b P
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oY
B .20 " KT ABLC RIS I 6 -4 2,
Bk 69.13 127 SRR 3 R, Uk I 1 55 Al A R AR A /N4
= 68. 80 0. 80 BN 8.3 9.5k 10 Fros, P (0 -F- B (E FIA 2
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R6 CERAZRESURREARALLR 1 ARG A B C L 3 R R 9

Tab. 6 Test results of atomization angle and deflection

Z Ak f A # E JE P 29 {E R 0.659°, 0.427° Al

angle for typical type C nozzle Bfr:(°) 1. 291° (Al fa AT 2 FE 45 (3 0. 389° 0. 231° 71
i FAAEUE Pk A KB 0.487° 0] i, A B FUmEHESE b f Al &L f T4 M5
HK 72.76 1.29 Uy, C BT S5 A0 A M AR A 52 PEAC 2% 5 B U I
. s - AR UM BT B, A C
W58 W5 B 1 £ Rl o 7 e N 295 2R b sh R ROR, T
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Tab.8 Test results of type A nozzle B (°)
e S — U 5 WA 5 =R M-8 AN E S
Fem  WEbm o Fefm Rt FEAum eAMR Fm R Em eAA
1 67.32 1. 60 67.87 1.76 68.27 1. 84 67.82 1.73 0. 806 0. 207
2 66. 26 1.53 67.25 1.23 67.63 1. 86 67. 05 1.54 0. 366 0.533
3 69. 83 1. 86 70. 77 1.98 70. 04 1. 64 70.21 1.83 0. 834 0.291
4 68. 62 1.20 69. 33 1. 68 68. 21 1. 81 68.72 1.56 0.958 0.543
5 69. 45 2.12 69. 11 1.68 69. 74 1.78 69. 43 1. 86 0.533 0.390
6 74. 66 3.12 75.03 2. 68 74.50 2.93 74.73 2.91 0. 459 0.373
*9 BRBEEMKER
Tab.9 Test results of type B nozzle B (°)
w4 S — iR 5 imiRE 5 =R M- 418 AN
Fikfs B ik R kA mete kA WeRME FfA RebA
1 68. 96 0.97 69. 13 1.27 68. 80 0. 80 68. 96 1.01 0.279 0. 402
2 70. 36 1.02 70. 46 1.25 71.16 1.13 70. 66 1.13 0.737 0. 195
3 69. 52 0. 86 69.23 1. 05 68. 80 1.02 69. 18 0.98 0.612 0.173
4 72.08 0.97 72.61 0. 86 72.20 1.03 72.30 0.95 0.470 0. 146
5 70.27 1.22 70. 09 1.02 70. 38 0.96 70. 25 1. 07 0. 247 0.230
6 68. 40 1.12 68.53 0. 84 68.27 0.93 68. 40 0. 96 0. 220 0.242
F 10 CEBENRER
Tab. 10 Test results of type C nozzle B{r.(°)
- i — i 5 iiE S =i E T 241 AN
stk R Etkm WRa EkAm metm Em Wetm Em Rl
1 72.76 1.29 72.05 0. 81 72.58 1.53 72. 46 1.21 0. 624 0. 620
2 66. 44 1.50 67.10 0.98 68. 45 1.08 67.33 1. 19 1.731 0. 466
3 60. 41 0. 80 60.92 1.26 59.27 1.07 60. 20 1. 04 1.428 0. 391
4 70.70 1.48 72. 67 1. 86 71.83 1.09 71.73 1.48 1.671 0.651
5 66. 55 1.13 66. 68 0. 84 68. 50 1.54 67.24 1.17 1. 843 0.59%4
6 69.90 1. 46 69.78 1.27 69. 39 1.24 69. 69 1.32 0. 451 0.202

x11 3MBEEESLARRANTHENTHEE THE

Tab. 11 Average values of atomization angle and deflection angle and the average values of uncertainty for three types of nozzles

BT (°)
B S Y fE it A4 A P 24 FE SN BE T H D ARt F AN AE P T3
A 69.72 1.91 0. 659 0. 389
B 69. 96 1.02 0.427 0.231
C 68. 11 1.24 1.291 0.487
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