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Abstract:

We have successfully produced emulsion droplets on a chip with size-control and on-demand droplet generation by using 
magnetically driven microtool (MMT). The MMT has parallel plate structure to be constrained in translational motion. With a lateral
motion of MMT in microchannels, the continuous phase can be cut into different size of droplets and the dispersed phase flow can
inflow into the microchannels by the movement of MMT to obtain both of size-controlled and on-demand droplets actively. The 
size range of the produced droplet was improved three times as large as the previous system by employing novel hydraulic 
design of the chip, and also the leakage of the fluid was successfully prevented when it is chopped by using MMT.
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Viscous resistance force:
Re = ρ·A·v/μ = 9.41х10-11 ; 

Reynolds number

D = Df + Dp ; 

Df : Viscous resistance force
Dp : Fluid drag 
Dp = 1/2·ρ·v2·Cp·S =1.89х10-27 N

Df = 2μ·v/A = 9.5х10-8N

So D ≈ Df .
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Olive oil 0.90 0.081 20‐30 
(25)

Ethanol 0.79 0.0090 22
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PD = D/S =12 Pa

Conclusion:
So when the P1 < PD, this system 

is stable and can generate the 

droplet successfully.

PD Total resistance pressure 
(Pa)

P1 Fluid pressure (Pa)

A Cross section diameter (m)

V Fluid velocity (m/s)

S Cross section area
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Previous
setting:

Q(dispersed) = 0.06 ml/h
Q(continuous) = 0.3 ml/h
Q(dispersed) = 0.06 ml/h
Q(continuous) = 0.24 ml/h

Q(dispersed) = 0.04 ml/h
Q(continuous) = 1 ml/h
Q(dispersed) = 0.08 ml/h
Q(continuous) = 1 ml/h
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Conclusions:
・ On-demand and size control of droplet dispensing is produced successfully
・The size in a wide range of produced droplet are produced by changing the 
flow rate and MMT frequency from 40 -180 m throughout the MMT frequency
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flow rate and MMT frequency from 40 180 m throughout the MMT frequency 
(1-3 Hz).
・ The dynamic range of the droplet size produced was three times as large as 
the range of the size of droplet produced in the conventional  setting. Electromagnetic coil
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