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A Computational Fluid Dynamics Analysis on Mist Behaviors in Nanofluid
Minimum Quantity Lubrication Milling Process

=H o1 1 oJ2,#
AR, AT, AWY', o|u

Young Chang Kim', Jin Woo Kim', Jung Sub Kim', and Sang Won Lee?*

M tcshn tisk 7|74&ZSknt (Department of Mechanical Engineering, Graduate School, Sungkyunkwan University)
2 Mattistn 7|AZEHE (School of Mechanical Engineering, Sungkyunkwan University)

# Corresponding Author / E-mail: sangwonl@skku.edu, TEL: +82-31-290-7467, FAX: +82-31-299-4690

KEYWORDS: Nanofluid minimum quantity Iubrication milling (0|2 HAtS 22 22l), Mist behaviors (22 =),
Optimal spray condition (£|& &£At Z71), Computational fluid dynamics analysis (FIALRX|SHStsHAD)

This paper discusses flow characteristics of nanofluid minimum quantity lubrication (MQL) in the milling process of a
titanium alloy by usingnumerical analysis. A mist of nanofluids including nanodiamond and hexagonal boron nitride (hBN)
particles is sprayed into a tool-workpiece interface with conditions varying by spray angle and flow rate. The milling. are
experimentally measured and minimized by the determined optimal spray angle and flow rate. The subsequent numerical
analysis based on a computational fluid dynamics (CFD) approach is conducted to calculate the penetration ratios of the
nanofluid droplets into a tool. At the experimentally obtained optimal spray angle and flow rate of the nanofluids’ mist, the
calculated ratio of penetration is highest and, therefore, the optimal spray conditions of the nanofluids are numerically

validated.
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Nanofluid MQL
module

Fig. 1 Photo of the experimental system for nanofluid MQL milling
process
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Table 1 Experimental conditions

Workpiece size 100 x 100 x 100 mm®

Tool diameter 16 mm

Milling type Partial immersion
Axial depth of cut 1.5 mm
Radial depth of cut 4 mm

Cutting length 600 (6 pass)
Tool rotation speed 2387 RPM
Feed per tooth 0.1 mm/tooth
hBN (70 nm)
Nanofluid type
ND (35 nm)
Nanofluid concentration 0.5 wt.%
Air pressure 0.5 MPa
Flow rate 2, 3, 4 ml/min
Nozzle feed direction angle 0°, 45°, 90°
Nozzle elevation angle 60°
Nozzle distance 30 mm
Nozzle diameter 1.7 mm
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Fig. 2 Main effect plots of the resultant milling forces
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Fig. 3 Measured resultant milling forces (Flow rate: 3 ml/min)
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Fig. 4 The machining geometry and generated mesh for numerical
analysis considering nanofluid MQL flow
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Table 2 Material properties used in the numerical analysis

Density Viscosity

(kg/m’) (kg/m-s)

Air 1.225 0.0000179
hBN nanofluid 839.64 0.01822
ND nanofluid 844.014 0.01749

(a) hBN, 0’ (b) hBN, 45°

(d)ND, 0°

(e)ND, 45°

(f)ND, 90°

Fig. 5 Visualized mist droplets around the tool according to a
nanofluid type and a spray angle
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Fig. 6 Calculated numbers of trapped droplets according to a tool
rotation angle
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NZYA Aue Kol o] Ak wEREE T siKE
the A B ojzle] 7] Bag ojujgich. 2, Fig. Sofl 4] uje
A HBo zko xS olulslil oA HEO I olxS oln)
gtk Fig. 5 Ao digt A48 &
71 AT} 0091 73-5-ofl mlsto] &
25 3vio] % ¢ B Oo] WS T & ek

ol Ao B4e] §13) Fig. 6= ND 2 hBN Lhed
A g7k SRR We 37 R ke Y55 s o
37} 108 3] jojek 2k 8l b W 7 Eee] 24
B B oHe] e AXE ATE HelZr) Fig 604 &
5 Qlo] HAp Zhmrt 90°9) Z9-0] B Ero] £ ojF A
57 BAL ZHEs} 00, 45°0) 490 ZHE o] st Aoy



o

ZHUSSSX| M34H HM5E

May 2017 /305

Table 3 Ratios of trapped droplets on the tool versus total input

droplets
Run  Nanofluid Fee:ngir:(cf)i"“ 7 Zf;;?epged
1 0 9.92
2 hBN 45 15.55
3 90 15.91
4 0 10.10
5 ND 45 16.01
6 90 16.21
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