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ABSTRACT 
Oil flow distribution in Minimum Quantity Lubrication 

(MQL) plays an important role in the efficiency of machining 
processes, but it remains challenging to measure experimentally. 
This paper presents a new method to measure the oil flow 
distribution in through-channel drill bits based on the reflected 
light intensity. Measurements were conducted from multiple 
angles in order to map the flow distribution across the channel 
cross-sectional area. The method is applied to drill bits of a 
circular cross-section channel and two helix angles, 0° and 30°.  
The results show that, for the 0° helix angle channel, the oil 
concentrates near the periphery of the channel, while for 30° 
helix angle channel, the oil concentrates towards the center of 
the drill point. Furthermore, Computational Fluid Dynamics 
(CFD) simulation was conducted to compare with the 
measurement results, and it was observed that the oil 
distribution is correlated to the velocity field. Oil flow 
concentration is high in low velocity regions. Though 
preliminary, this study has concluded that the velocity field 
generated using single-phase CFD is a critical indicator for oil 
distribution in an MQL flow.  

 
INTRODUCTION 

Machining processes involve plastic deformation of the 
workpiece and removal in the form of chips. This shearing 
plastic deformation along with the friction between the tool and 
the workpiece generates a huge amount of thermal energy, 
which degrades the tool and its coating, and is an important 
cause of tool wear and tool failure [1, 2]. Hence, cutting fluids 
have been a common approach to deal with heat generation in 
machining. However, some cutting fluids may have a harmful 
effect on the worker’s health, and increase social and economic 

problems [3, 4]. These drawbacks can be abridged by 
employing Minimum Quantity Lubrication (MQL). 

MQL, also known as near dry machining, uses a tiny 
quantity of lubricant in the form of a mist to aid machining 
process. The mist is atomized using pressurized air and 
delivered through either a nozzle directed towards the cutting 
zone or internal channels in the tool. In MQL drilling, the later 
system has proved to be more efficient because of its capability 
to deliver the mist directly to the cutting zone [5]. Also, unlike 
traditional flood cooling, which leaves the parts wet, the parts 
produced with MQL machining are almost dry and ready for the 
next process; this reduces the auxiliary time for the production 
and improves the efficiency of the whole plant [5]. Studies 
show that MQL provides better surface finish, tolerances, and a 
longer tool life when compared to flood cooling [6-10]. 
Considering all these advantages, MQL seems superior to the 
traditional flood cooling. Nevertheless, because of the 
sensitivity of the MQL process, a small deviation in flow 
condition can degrade the machining quality [11]. The heat flux 
generated at the cutting edge is not constant[12], more heat is 
generated at the chisel edge than at the periphery of the tool. If 
low quantities of lubricant is being used like in MQL, it is 
important to efficiently deliver the lubricant to the required 
location. Furthermore, a lot of research has been done on the 
effects of multiple parameters on their machining effectiveness 
[13-19] as well as on characterization of the mist flow in terms 
of the droplet size or velocity field [20-23]. However, only few 
studies have explored the flow structure (i.e., oil mist 
distribution in a flow), which eventually affects oil coverage on 
the cutting edges. 

MQL is a two-phase flow. The characterization of flow can 
be complex as compared to a single-phase flow. Several 
methods are available for the analysis of two-phase flow, which 
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velocity zone near the chisel tip of the tool, but the side view 
does not show oil concentration in that zone, one possible 
reason for that can be that the oil concentration at other 
locations along the view is so low that the high oil concentration 
at the tip gets compensated and the total intensity matches the 
baseline intensity. Nonetheless, based on the CFD results and 
experiments, there exists a strong correlation between the 
velocity contours and the mist flow distribution.   
 
DISCUSSION 

From the results, the oil droplets tend to gather in a low 
velocity region. This phenomenon can be explained by that the 
resistance to the flow is lower in a high velocity region, so the 
less viscous fluid tends to occupy the area with high velocity. 
This forces the more viscous fluid, such as oil droplets, to move 
towards the low velocity zones. In the 0° helix angle channel, 
oil is pushed towards the wall, because, the velocity was higher 
in the core region and lower in the outer region. For air being 
less viscous, it always tries to occupy the region with a higher 
velocity. For the 30° helix angle channel, since the flow field 
gets distorted due to the centrifugal force acting during flow 
through the helical passage, the oil flow distribution also 
changes accordingly to have more oil mass flow towards the 
center of the drill bit i.e. towards the chisel edge.  

The current research was limited to a qualitative analysis of 
the oil flow distribution. However, the finding is important as, 
in the future, MQL flow can be predicted using simply a single 
phase flow CFD, which is more practical. For more quantitative 
analysis, the 3D flow distribution can be possibly reconstructed 
if multiple angles of views are taken and analyzed using the 
proposed image processing method.    

Another limitation of this study is the naturally pulsed flow 
of MQL system. Despite a high frequency, the mist flow is not a 
completely continuous stream. Instead, the mass flow rate varies 
slightly over time. The normalization can diminish this effect 
only up to a certain extent. From the measurement perspective, 
it is important to synchronize the image acquisition with the 
flow pulse to ensure that the measurement is always taken at the 
same mass flow rate. 

CONCLUSION AND FUTURE WORKS 
The study presented a method to analyze the flow structure 

for MQL through-tool channel drill bit. This method was 
applied to compare two circular channels with 0˚ and 30 ˚ helix 
angles. The major finding is that the distribution of oil droplets 
in MQL mist flow is highly related to the velocity profile. This 
is confirmed by comparing the measured flow structure and 
CFD simulated velocity field. This means, a single phase CFD 
can be used to estimate the multiphase flow distribution without 
a time-consuming simulation such as Volume of Fluid (VOF) or 
SPH-CFD coupled analysis.   

Based on the results, the helical angle can change the flow 
field and thus affect the oil distribution. Therefore, the shape 
and size of channels are also expected to change the oil droplet 
distribution in a flow. It can be concluded that channel 

geometry plays an important role in MQL flow distribution, 
which in turn determines the machining performance.  

To advance the current study, the future work includes 
experimentation for different channel cross-sectional shapes and 
areas, incorporating the effect of surface roughness on the oil 
distribution, flow distribution during the cutting conditions. 
Furthermore, for detailed tomographic regeneration of the 3D 
profile image acquisition and processing will be carried out 
from multiple angles. Effect of the workpiece material, which 
creates a back pressure on the fluid delivery channel will also 
be worked on. 
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