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Abstract. In microfluidic chips, the micro droplet jetting is a key technology to control the droplet 
volume by micro-channel. The micro droplet in micro-channel is highly concerned on the two-phase 
or multi-phase slug flow, in which the two-phase streams can form two kinds of micro droplets 
steadily. This paper focused on the gas-oil two-phase slug flow to realize the digital jetting of the oil 
droplets. The flow rate of air was fixed to be 10mm3/s and of oil was changed to be 4mm3/s, 6mm3/s, 
8mm3/s, and 10mm3/s. The jetting frequency of oil droplets increased in a linear relationship with the 
flow rate of oil while the flow rate of air was the same value. The volumes of oil droplets were similar 
to be 0.5 mm3 and the gas bubbles were surrounded by oil film.  

Introduction 
The ubiquitous fluids non-Newtonian fluids in nature, such as grease, paint, milk, have been 

widely used in chemical engineering, bio-chemical engineering, food processing, and medical 
engineering [1-3]. Many literatures reported all kinds of microfluidic devices to reduce the limitations 
on reagent requirements, enable faster reaction rates, reduce contamination, and be compatible with 
other functional components as micro total analysis systems [4]. Investigation of multiphase flows in 
microfluidic devices has been gaining lot of attention recently as a solution to improve and extend the 
performances of single phase flows. Multi-phase flow systems introduce a second immiscible flow to 
enhance mixing and transverse channel transport. The slug flow pattern takes some advantages on the 
large interfacial area, fast heat and mass transfer and reduced axial dispersion [5, 6].  

The micro scale flow is more uniform and controllable than the traditional method of droplet 
generation [7]. The micro droplet jetting is to make droplets with a volume of nanoliter or below, and 
the formation of those microfluidic droplets typically occur at the instable phase-interfaces that 
subject to micro-scale interactions between fluids shear force and surface tension [8].  

This paper investigated the two immiscible fluids, oil and gas, to form the slug flow pattern in 
micro-channel.  

Experimental 
The experimental system of gas-oil two-phase slug flow was set up as shown in figure 1. The 

system had a gas control module, an oil control module, a nozzle and a computer. Both the flow rates 
of gas and oil had been controlled by the flow meters, which executed the commands delivering from 
the computer. During the experiments, the gas and oil streams were injected into the different 
micro-channel tubes, simultaneously and were mixed in the nozzle. Since the flow rates of oil and gas 
in the micro-channel were too fast to observe, the high speed camera was applied to observe the 
patterns of two-phase flow.  

Figure 2 gives the structure of jetting nozzle, which contains two parts, the gas tube inside and the 
oil tube outside. The gas tube inserts into the oil tube and the stream oil enters the tube from the tube 
side, and the stream gas is injected the tube from the tube top. They take a mixture at the nozzle which 
is the rear part of oil tube before jetting. The end of gas tube and nozzle outlet is defined as the length 
of mixture chamber. 
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Fig.1 The schematic diagram of experimental system  Fig. 2 The schematic diagram of experiment  
The parameters of experiment set up are listed in table1. In the table, do is the internal diameter of 

oil tube, Do is the external diameter of oil tube, dI the internal diameter of gas tube, DI is the external 
diameter of oil tube, Lo the length of mixture chamber. 

Tab. 1 The parameters of nozzle structure  
do Do dI DI Lo 

0.88 1.7 0.42 0.72 10.38 

    During the experiments, the experimental parameters and the physical properties of oil (Shell HX8 
5W-40) and gas are listed in table 2. In the table 2, ρ  is the density of material, µ  is the dynamic 
viscosity, σ  is the surface tension. 

Tab. 2 The experimental parameters and the properties of material 
Materials ]/[ 3cmgρ  ][cpµ  ]/[ cmdynσ  Flow Rates ]/[ 3 smm  

Air 1.205x10-3 0.19 -- 10 
Oil 0.851 64.9 63.4 4,6,8,10 

Results and discussion 
Figure 3 shows the photo of gas-oil slug flow captured by the high speed camera with the frame of 

3000 fps. It is obviously that the transparent oil droplets have been separated by the black gas bubbles 
uniformly and steadily. The ruler (the division value = 1mm) in left can be used to measure the length 
of oil droplets and gas bubbles. 

 
Fig. 3 The slug flow of gas and oil phases 

Fixing the gas flow rate to be 10mm3/s and changing the oil rate from 4mm3/s to 10mm3/s, the 
gas-oil two-phase slug flow are still presented as following photos (Fig. 4).  

    
Fig. 4 The gas-oil two-phase slug flow with the different oil flow rates and the same gas flow rate, 

smmqg /10 3= , (a) smmqo /4 3= ,(b) smmqo /6 3= , (c) smmqo /8 3= , (d) smmqo /10 3= . 

The ratio of flow rate (ϕ ) between the oil and gas is  
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where qo is the flow rate of oil, qg is the flow rate of air. 
The jetting frequency of droplets and bubbles ( f ) can be expressed 

t
nf =                                                                                                                                        (2) 

Where, n  is the number of droplets, t  is time. 
As shown in figure 5, f  has a linear relationship with the ϕ  increasing, while the gas flow rate is 

constant of 10mm3/s. The maximum jetting frequency is about 19 Hz in it. 
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Fig.5 ϕ  versus f  ( smmqg /10 3= ) 

The droplet volume oV  is 

f
qV o

o =                                                                                                                                  (3) 

The droplet volume under different ratio of flow rate between oil and gas has been calculated in 
table 4. The tendency of droplet volume is proportional to the ratio of flow rate between the oil and 
gas. And the volume of oil droplets is similar to 0.5 mm3. 

Tab.3 The droplet volume with the same flow rate of gas  
][ 3mmVo  0.3419 0.4255 0.5229 0.5208 

ϕ  0.4 0.6 0.8 1.0 

In fact, there is an oil film at the interface between the bubble and wall in micro-channel. By the 
way, the bubbles are surrounded by the oil films to be Taylor shape. To simplify the thickness of oil 
film, the Taylor bubble is considered to be a cylinder shape. 

 
Fig. 6 The shape of slug flow in micro-channel 

The bubble volume ( bV ) is  

f
qV b

b =    and  bbb LπrV 2=                                                                                                                   (4) 

The different bL  are measured and listed in table 5.  
Tab. 4 bL  with different ϕ  
)(mmLb   1.6  1.4  1.1  1.0 

   ϕ   0.4  0.6  0.8  1.0 
The bubble radius is calculated in figure 7. It is true that the bubble radius is less than the inner 

wall radius. This can be attributed to the thin layer of oil film at the surface of inner wall. 
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Fig.7 the diameter of bubbles 

Conclusions 
This paper studied the experiment of gas-oil two-phase slug flow in micro channel. The 

experiment structure had an inner gas tube and an outer oil tube. The gas and oil streams entered the 
tubes simultaneously and mixed at the nozzle to form the gas-oil two-phase slug flow steadily. Some 
conclusions can been drawn as following. 

(1) The jetting frequency of droplets is in a positive linear relationship with the increase of the 
flow rate of oil. The maximum jetting frequency is about 19 Hz in experiments. 

(2) The tendency of droplet volume is proportional to the increase of ratio of flow rates between oil 
and gas. And the volume of oil droplets is similar to 0.5 mm3. 

(3) The bubble radius is less than the inner wall radius. This can be attributed to the thin layer of oil 
film at the surface of inner wall. 
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