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A Study on the Characteristics Analysis of Cutting Fluid Aerosol
Using Dual-PDA System(Il) - for Cutting Fluid Aerosol Prediction

in Turning Process
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Abstract
This paper presents the analytical approaches to predict cutting fluid aerosol formation

characteristics in machining process. The prediction model which is based on the rotary
atomization theory analvzes aerosol behaviors in terms of size and concentration. Experiments

were carried out to verify the aerosol formation prediction model under various operational
conditions. The experimental results which are obtained by Dual-PDA measurement show

resonable agreement with prediction results of aerosol concentration. This study can be provided

as a basis to estimate and control the hazardous cutting fluid aerosol in machining process in
view of environmental consciousness.
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Nomenclature

Qi : input flow rate at point A, m’/s
&itm : flow rate in film formation mode, m*/s
Qigomens © flow rate in ligament formation
mode,
m’/s

Q. : flow rate in liquid sheet, m*/s
&,y : critical flow rate between ligament and

drop formation mode, m%/s

@, -, : critical flow rate between film and
ligament formation mode, m*/s,

N, : number of ligaments

" : length of ligament, m

R, : workpiece radius, m

R, . reynolds number

W, © Weber number
V,

1 velocity of ligament, m/s

Vy : velocity of surface fluid relative to
rotational



©  contact angle between

0 : surface tension. KJ‘m®

p  fluid density, kg/m’

w . rotational speed of workpiece. rad’s

k), © half thickness of liquid sheet. m

A" width of liquid sheet. m

®(D) : fraction of the total volume contained

m
drops of diameter less than D
X : size parameter

§ : distribution parameter

M, M;, M,; M,: mass change in film,

ligament. drop sheet aerosol formation
mode

dAD). o[D). /D)

function

: Rosin Rammler

of each formation mode

D : cutting fluid’s aerosol particle diameter,
m

n : number of aerosol particle
R  spherical radius of aerosol dispersion

§ : spherical distance from aerosol

generation source
D g : binary mixture dispersion coefficient
VOL : control volume size of machine tool, m’
At - operation time, sec
7, : initial aerosol concentration in control
volume
}} : cutting fluid aerosol generation rate

7 : total cutting fluid aerosol concentration
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