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ABSTRACT

Over the past few decades, investigations on a dual-fluid nozzle for a wafer cleaning process have been actively conducted.
Especially, developments of the dual-fluid nozzle using a numerical analysis is attracting many researchers. Breakup model
constants, however, must be determined precisely to perform the numerical analysis of the dual-fluid nozzle. To select the
suitable breakup model constants, validation study with experiments should be carried out. In this paper, optimization using a
multi-objective genetic algorithm (MOGA) was conducted to determine the most suitable breakup model constants to use the
discrete phase model (DPM) during the numerical analysis. Then, experimental results using a phase doppler particle analyzer
(PDPA) were compared to validate the numerical analysis. For the design parameters, the sheet, ligament, droplet diameter, and
breakup time constant, were selected. Also, the Sauther mean diameter (SMD) and mean velocity of the droplets were considered
as objective functions. Consequently, the most suitable values of the sheet ligament, droplet diameter and breakup time constants
were predicted to be 1.8645, 10.142, 1.4922, and 23.101, respectively.
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Fig. 1 Schematic of a dual—fluid nozzle
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Table 1 Boundary conditions of the numerical analysis for

a. dual—fluid nozzle

Boundary conditions Values

Pressure inlet [Pa] | 400,000

Nitrogen gas (N,) Pressure outlet [Pa] | 101,325
Temperature K] 273

Mass flow inlet [ke/s] | 0.00166
Deionized water (DIW) Temperature [K] 293
No. of parcels - 300

W No-slip wall

DPM inlet

Pressure outlet

Fig. 2 Boundary conditions for the numerical analysis

Table 2 Results of the grid independence analysis

Case | Case II | Case III
Number of grids (x10% 121 8.3 143
Solution value (P) 516.48 523.73 524.67
Refinement factor ) 1.35
Factor of safety (F) 1.25
Apparent order (p) 5.65
GClfine 32 0.371%
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Fig. 3 Structured grid with hexahedral mesh type
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Table 3 Independent variables of the dual—fluid nozzle . ‘ ‘ ‘ .

Fig. 4 Three measurement points of the SMD value,

Symbol Independent variable Range Default ‘ ‘ ' . . .
X Ligament constant 03~2 0.5 .
X, Sheet constant 3~18 12 (Volume & Surface area),,,, = (Volume & Surface area),,q,
X, Diameter constant 03~15 0.61 Moy FE Nono
X, Breakup time constant 1~60 1.73 Fig. 5 Explanation of the Sauter mean diameter
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Table 4 Data—set from design of experiments

Design point Ligament constant Sheet constant By B, F, F, F3
1 1.15 9.30 0.37 28.14 38.33 29.77 18.77
2 1.42 13.50 1.09 25.78 56.98 44.23 26.13
3 0.33 10.50 1.28 11.62 36.58 29.71 20.20
4 1.29 17.10 0.95 23.42 49.75 39.28 2422
5 0.47 5.70 0.61 47.02 35.51 2824 17.60
6 1.90 12.30 0.56 51.74 93.11 7297 29.04
7 1.22 14.10 1.14 49.38 68.57 52.63 25.62
8 1.83 6.90 1.00 30.50 72.20 55.00 30.05
9 0.81 14.70 0.66 4230 42.56 3537 20.62
10 0.67 6.30 1.48 58.82 56.26 49.50 35.46
11 0.95 4.50 0.32 4.54 17.11 13.28 7.23
12 0.61 16.50 0.85 32.86 41.30 33.93 19.46
13 1.08 15.90 0.71 18.70 38.27 30.43 20.47
14 1.49 8.70 133 6.90 47.93 37.61 26.78
15 0.88 17.70 0.52 54.10 43.54 35.60 19.69
16 1.69 8.10 1.19 21.06 58.85 46.41 28.84
17 1.63 7.50 0.80 56.46 80.21 64.44 26.55
18 1.35 11.10 1.38 9.26 48.37 39.15 27.69
19 0.54 3.90 0.76 13.98 31.14 2492 17.48
20 0.40 12.90 1.43 16.34 42.68 34.52 23.33
21 1.01 11.70 1.04 44.66 56.51 4531 24.01
22 1.76 15.30 0.42 2.18 20.02 15.53 8.87
23 1.97 9.90 1.24 3522 82.21 64.66 32.50
24 0.74 5.10 0.47 39.94 36.61 30.13 18.54
25 1.56 3.30 0.90 37.58 68.95 52.17 26.42
26 1.01 11.38 1.50 58.78 72.27 55.59 31.63
27 0.78 7.54 0.85 28.11 41.43 3431 20.73
28 1.47 14.42 0.64 60.00 79.81 61.75 28.05
29 0.52 12.50 0.64 34.20 26.44 21.73 14.64
30 0.93 14.56 0.41 13.28 33.53 27.34 16.80
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Table 5 Validation of data—set from the response surface

method
FI Fz F3
RMSE 0.99922 0.99989 1.00000
R2 0.51974 0.14864 0.14864

S=ERMDIHEE =28 M24d, M55, 2021
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Table 6 Parameters for multi—objective genetic algorithm

Parameters Values
Population 800
Generation 300
Tournament size 2
Reproduction rate 0.8
Mutation rate 0.5%
Crossover rate 1




Table 7 Numerical and experimental SMD values with different ALR

Case F1 F2 F3
CFD [ym] 73.77 56.84 39.93
Case [ (ALR 1.05) Exp [xm] 70.72 54.09 4323
Error [%)] 431 5.08 7.63
CFD [ym] 63.24 59.41 51.89
Case II (ALR 0.789) Exp [xm] 59.31 55.02 57.56
Error [%)] 6.63 7.98 9.85
CFD [ym] 80.26 58.24 39.15
Case III (ALR 1.28) Exp [¢m] 71.67 54.67 43.78
Error [%)] 3.33 6.53 10.58

*ALR : Air-to-liquid mass flow ratio
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