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Abstract. High-concentration oil mists from machining plant equipment can cause serious health problems
for workers. The concentration of oil mist is generally reduced by ventilation and purification systems.
However, the coupling relationship and interaction between purification and ventilation systems are not well
understood. This study is based on an actual machining factory. First, the CFD simulation method was
validated by the experimental data. Secondly, the influence of purifier exhaust air and exhaust air direction
on oil mist distribution was studied. The results show that the influence of purifier exhaust air cannot be
ignored in the prediction of oil mist concentration distribution. The difference in oil mist concentration and
oil mist removal efficiency was 24% and 20%, respectively, with and without the purifier exhaust. Compared
with the vertical exhaust direction of the purifier, the purifier with horizontal exhaust has fewer areas with
higher oil mist concentrations. However, for the oil mist concentration at 1.5 m above the floor, the vertical
exhaust air of the purifier is 0.1 mg/m?® lower than the horizontal exhaust air, and the removal efficiency is
increased by 6.9%

emission intensity of pollution sources. So, the
purification of air exhaust should not be ignored and it
may also have a great impact on the distribution of oil
mist concentration distribution and thermal comfort in
the machining plant.

Therefore, this paper researched the influence of the
purification system on the oil mist concentration
distribution in machining plants. And the results can
provide a reference for the design of ventilation and
purification system in factories.

1 Introduction

Metalworking fluids (MWFs) are used frequently to
cool and lubricate workpieces in turning, cutting, or
other metal machining processes. During machining,
MWFs generate oil mist because of impaction,
centrifugation and evaporation/condensation [1-3]. The
OSHA (U.S. Occupational Safety and Health
Administration) Metalworking Fluids Standards
Advisory Committee recommended an eight-hour time-
weighted average permissible exposure limit (PEL) of
0.4 mg/m® thoracic particulate (0.5 mg/m’ total
particulate) [4]. And long-term exposure to the high
concentration of oil mist may cause asthma, laryngeal
cancer, bronchial hyper-responsiveness, and lung cancer
or other diseases [5-8]. Therefore, it is necessary to
study the oil mist concentration distribution in
machining factories.

2 Case description

This study was based on an actual machining factory.
Fig. 1 is the schematic of the machining plant with
dimensions of 206 m long, 90 m wide, and 8 m high.
The factory had three types of ventilation systems
shown in Fig. 2: roof exhausts system, displacement

To reduce the concentration of contaminants in
factories, two types of ventilation systems are
commonly used in the factory: mixing ventilation and
displacement ventilation [9]. For factories with high-
intensity contaminant emission sources, local exhaust
and local purification are also used [10-11]. Previous
studies found that electrostatic methods capture of oil
mist is very efficient [12-14]. Therefore, electrostatic
precipitators are widely used to control oil mist
concentration in machining plants. For electrostatic
precipitators used in machining plants, the maximum air
volume is more than 3000 m3/h. And many purifiers are
usually placed close to the equipment to reduce the
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ventilation system and air recirculation system. And it
contained several production lines. The manufacturing
processes in this factory involved cutting, grinding and
quenching, which produced a different concentration of
oil mist.

The oil mist purifier is used to reduce the
concentration of oil mist in the machining plant. And the
purifier is directly connected to the equipment. After
investigation, it was found that two kinds of air outlet
forms of purifier were frequently-used. It was shown in
Fig. 3, that the air exhaust orientation is vertical and
horizontal respectively. Therefore, the influence of two
kinds of air outlets on oil mist concentration distribution
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Fig. 1. Sketch of the machining factory, where red lines indicate the region investigated in this study
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Fig. 2. Sketch of the main ventilation system in the factory.

was researched. And the purification air volume was set
to 1000 m*/h. the electrostatic precipitators have high
purification efficiency, so the oil mist concentration of
the exhaust air from the oil mist purifier was set to 0.

Previous research had found that the combination of
roof exhaust and displacement ventilation systems can
greatly improve air quality and maintain thermal
comfort at acceptable levels in this factory [15]. And the
research in this paper was also carried out under this
condition.
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Fig. 3. Typical air outlet form of purifier in machining plant

3 Methods

CFD method has been used in a great number of studies
of indoor environments in factories and the results show
that this method can predict indoor environments
quickly and inexpensively. However, the CFD method
needs to be verified by experimental data.

3.1 CFD models

To simulate and predict the turbulent airflow in the
factory, this investigation used CFD methods based on
the Reynolds-average Navier Stokes equations whit the
Realizable k-¢ two-layer turbulence model. This model
can be applied accurately to wall-function type meshes
of y* greater than 30. And the general form of the
governing equations can be written as:

d
E(pd)) + div(pug) = div(lygradp) + S, (1)

where p is the fluid density; u; is the velocity of the fluid
in all directions; ¢ is a specific variable, which can be
velocity, temperature, concentration, etc.; I'y is the
diffusion coefficient; and Sy is the source term of the
general equation.

For oil mist transport in machining plants, the
influence of the oil mist on turbulent flow is negligible
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because of the low concentration of oil mist. Previous
studies have shown that both the Eulerian and
Lagrangian methods predict the oil mist concentration
with reasonable accuracy [16]. And the Eulerian method
was used in this study because of the lower computing
cost.

The Eulerian method can be written as:

aai +V(Cpi) = =V(CpBarp) 2)

where C, is particle concentration, i, is the mass-
averaged velocity, Uy, is the drift velocity for the
particle phase, and the 1i,, is defined as:
am = a’pppﬁp + aapaﬁa/pm (3)
Where a,, is the volume fraction of particles, a, is the
volume fraction of air, p, is particle density, p, is the
air density, p,, is mixture density, i, is particle velocity,
1, is air velocity. And Ug,., is defined as:
17[17‘,1) = ﬁp - z_"')m (4)
To evaluate the performance of the ventilation and
purification coupling system, the contaminant removal
effectiveness | was used, which is defined as:

C,—C,

Where C. is the contaminant concentration in the
exhaust, C is the mean contaminant concentration at 1.5
m above the floor, C; is the contaminant concentration
in the supply air.

3.2 Validation of the CFD model

To validate the CFD model, this study performed CFD
simulations with the measured thermo-fluid boundary
conditions. And the simulated air velocity, temperature
and oil mist concentration were compared with the
measured data at several locations in a machining plant.
The measured thermos-fluid boundary condition and the
locations selected for measuring the velocity,
temperature and oil mist concentration were shown in
previous studies [15].

Fig. 4 compares the simulated air velocity, air
temperature and oil mist concentration. The results
demonstrate that the model can predict the indoor
environment with high accuracy. And the Realizable k-
€ two-layer turbulence model can be used in the indoor
environment prediction of machining plants.

4 Results and discussion

4.1 The influence of purifier air exhaust on the
oil mist concentration

Fig. 5 depicts the oil mist concentration distribution at
1.5 m above the floor. Compared Fig. 5 (a) with (b), the
oil mist concentration in the breathing zone considering
the purifier exhaust was lower than the oil mist
concentration without considering the purifier exhaust.
The mean oil mist concentration was 0.78 mg/m? and
1.03 mg/m3. And removal effectiveness of the two
conditions was 66.2% and 53.0%. As shown in fig. 6,

the purifier air exhaust significantly reduced the
concentration of oil mist in the working area and spread
more oil mist near the roof. Therefore, the purifier
exhaust could not be ignored in the calculation of oil
mist concentration distribution.
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Fig 4 Comparison of the simulated air velocity, temperature
and oil mist concentration with the experimental data
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Fig. 5. Oil mist concentration at 1.5 m above the floor
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Fig. 6. Oil mist concentration on the middle vertical plane in
the working region.
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4.2 Purifier exhaust direction of vertical and
horizontal

Compared to Fig. 7 (a) with (b), the area of “red”
concentration in the breathing zone with horizontal
purifier air exhaust was smaller. This was mainly
because the horizontal exhaust of the purifier promoted
the diffusion of oil mist in the horizontal direction. But
the mean oil mist concentration of vertical exhaust and
horizontal exhaust was 0.78 mg/m? and 0.88 mg/m>. The
removal effectiveness was 66.2% and 59.3%.

As Fig. 8 shows, the oil mist concentration near the
roof with vertical exhaust was higher than that with
horizontal exhaust. The ventilation system in this study
was: a combination of roof exhaust and displacement
ventilation systems. Therefore, higher oil mist
concentration near the roof represented more efficient
pollutant removal.

In conclusion, horizontal exhaust only reduced the
areas with high oil mist concentration, and the removal
effect was lower than that of vertical exhaust.
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Fig. 7. Oil mist concentration distribution at 1.5 m above the
floor
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Fig. 8. Oil mist concentration on the middle vertical plane in
the working region.

5 Conclusion

This investigation is based on an actual machining
factory. Firstly, the CFD simulation method was
verified by experimental data based. Secondly, the
influence of purifier air exhaust and the exhaust
direction on the distribution of oil mist was studied. The
following conclusion can be drawn:

(1) The purifier exhaust could not be ignored in the

calculation of oil mist concentration distribution.
The difference in oil mist concentration and
removal effectiveness is 24% and 20%, respectively,
with and without purifier air exhaust.

(2) Compared with the vertical exhaust direction of the

purifier, the purifier with horizontal exhaust has
fewer areas with higher oil mist concentrations.
However, for the oil mist concentration at 1.5 m
above the floor, the vertical exhaust air of the
purifier is 0.1 mg/m3 lower than the horizontal
exhaust air, and the removal efficiency is increased
by 6.9%
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