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A study about design of main parts and injection molds for atomization of 
cosmetic spray using finite element method
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Abstract : This paper presented characterization of spray velocity and angle of spray nozzle systems for cosmetic 
products. Diameter and length of nozzle orifice were chosen as shape factors of the spray system. Spray orifice of the
spray pattern is a factor influencing the quality of the product. Fluid analysis was conducted by using “Fluent” to obtain
spray angle and velocity. RSM (Response Surface Method) was used to approximate the relationship between these 2 
factors and spray characteristics. To evaluate the proposed method, experimental work with existing was conducted and
good agreement between simulation and experimental results.

Key Words : Spray Angle, Water Atomization, Simulation, FEM, Design of Experiment, Response Surface
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Fig. 1 Spray for cosmetics
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2. 실험계획법  수치해석

2.1. 노즐 형상
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Fig. 2 Flow field 3d-modeling

2.2. 수치해석기법
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Fig. 3 Mesh of pressure swirl nozzle
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Tabl e 1 Comparison of Injection angle and velocity

Fig. 4 Flow 3d-modeling and CFD example

Fig. 5 Stream vector according to orifice length

Fig. 6 Stream velocity according to orifice length

2.3. 반응표면함수
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Fig. 7 Injection angle according to orifice length
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Injection angle= -30.000[L] + -3.8168e-014[V] + 28
(L = Orifice length, V = FEM velocity)
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3. 사출 성형 해석을 통한 형 설계

3.1. 부품의 사출 성형
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Fig. 8 Orifice 2d mold drawing

No. Orifice length FEM velocity Injection angle

1 0.4mm 4.425m/s 16°

2 0.5mm 4.403m/s 13°

3 0.6mm 4.324m/s 10°
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Fig. 9 Orifice body 2d mold drawing

3.2. 사출 해석 조건
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Tabl e 2 Orifice and orifice body injection analysis conditions

Type Gate entrance size Out-put size Injection 
time

Orifice

Case 1 3mm 0.2mm 1s
Case 2 3mm 0.2mm 0.8s
Case 3 3mm 0.3mm 0.5s
Case 4 3mm 0.3mm 0.3s

Orifice
body

Case 5 4mm 0.4mm 0.5s
Case 6 4mm 0.4mm 0.3s
Case 7 4mm 0.4mm 0.2s

3.3. 사출 해석 결과
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Fig. 10 Cooling channel of orifice mold

(a) Fill time

(b) Weld line

Fig. 11 Orifice analysis results (gate entrance size 3, out-put 
size 0.3mm, injection time 0.3s
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(a) Fill time
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Fig. 12 Orifice body analysis results (gate entrance size 4, 
out-put size 0.4mm, injection time 0.2s

4. 결론
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