(%0 #E & pawPEPEpPi ¢v ar weeclAv wz o6wyw
Cawo E¢ wwgjie EQA %%z 5

yoAUC HLUA U¢%uBy LB QEOIGecd wp CA

sinamottaghi71@gmail.com -1
nazari_mostafa@shahroodut.ac.ir -2
nazari_me@yahoacom -3
naser.sepehry@shahroodut.ac.ir -4
amir-mahdavi@shahroodut.ac.ir -5

a°cCci

Iy EAC A P & WidAIn)- vt B~ U € By34T Cjulelal ¢, vARmparalirelAr UAME O PE WARE | a%dé
Ao EERN ¢wa OwCACOLEDp VAWERA Az BA v A By @D AZA&° y ARvy Avii BV Eaaw
i AT Uay % W CHFOMNEREE LAE D A SwyAm 1y YO oAl B #wil-A G~  (AWEC Adyw C A
CHLEHVvOyYyvV a°E ¥@RILEE Y~v wBBE BAOO vI 1 ¢ avawia Av a@awwked AéshkwL o4
BAUp U Azt aEps~a & %Al Co WHPAC ~wwiolkn AGBY MBRALHBGCIO 0Cz Ow{
%) 8 LG EUO W #EC ¢ AwapEPmipi ¢v atwecAv wz y xw,oyv Co%opi
%O0é AA ¢CvVACHAR? & W B MYy WAl Az owywi jwuOCAba@dikn: a
o GUDSEVINAL @ 10 AE£  Gw0é 13,0 w.d EFEC AW LEMT v oG WwEBg ICo+ x Ad Ou

YOPE Ol wewhEwhpCaOwpug ptet x Ao Ou ! %l AdY¥ HC Rl BER ¢

¢coCoHdi jwubd
B %06 FBWAY € EEPNIE6alp i 6 WG Wb § Y6 G p



2,B

1

415
517

3D

-1 -2 13 2| ) »
| -6 18]
19
11D
| 1ap T
]1 51, . .
11 81,7
1P
12 12,p
) 12 4
12b
126
132p e |
2 [ -
.2] B
2B )
]



18_

Cz¥%-£ €¢wAAD

Ai %Ga0 O0we %«(,(Owy wi y

1 .
2 . 8 -
. 1
Cy At CxGABATERRE QAR EY ¢ A« WiE Ad° EAGCAWAMRGES A v
Table 1 Program used in spin coater to coat S8 on silicon wafer
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Figure 1 Dimensions of theconcentrating flow focusing microchannel built to control the size of generated droplets
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Figure 2 Microchannel mold built on a silicon wafer
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Figure 4 The syringe pumps digital microscope and micraconnectors in the lab
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Figure 5 The image processing steps: 1) taking pho®) cutting photo 3) making it binary 4) recognizing droplet
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Figure 6 The feedback system with 1D controller. The diameter of the outlet of the channel is measured by an online higk
speed microscope photo shooting and image processing program. Then the output diameter is compared to the des
diameter and the error is sent to the PID controller.To minimize the error, the controller sends the appropriate command to
the syringe pump to control the flow.
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Table 2 Uncertainty assessment of the equipment in microfluidic generation
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Figure 7 The steps toward the creation of droplets for a constant flow rate ratio
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Figure 8 Diagram for the desired diameter of 1004 O versus timestep, and diagram of the continuous flow (oil) versus time
step (control command) (RSME=5.27)
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Figure 9 Diagram for the desired diameter of 1404 O versus timestep, and diagram of the continuous flow (oil) versus time

step (control command) (RSME=3.4)
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Figure 10 Square increase in discrete phase flow (water) as a disruption applied to the system to assess the contr
performance
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Figure 11 The effect of the disturbance and the response of the controller. Diagram of the chanigethe diameter of the
droplet due to increase in the flow rate of the discrete flow, and the diagram of the changes in the continuous flow rateswsr
time-step (RSME = 0.48)
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ABSTRACT
Precise doplet generation with controllable precise size ighe target of this research. For this purpose, a

flow focusing micro-channel is constructed using photolithography. Two syringe pumps are used, one for
injecting discrete phase flow (DI water) and another for injecting continous phase flow (oil). The Meros high
speed camera is used for recording the image of dropletand a fast image processing algorithm is used to
calculate the size of the dropletsTo regulate the size of the droplet, the PID controller is used due to itage of
implementation and robustness. The flow rate of the continuous phadlew is the control input and the size of
the droplets is the output of the closedoop system.Experimental tests are doneby considering three desired
droplet diameter, i.e. 100,140 and 160H O. To show the disturbance rejection characteristic of the designed
closedloop system, the flow rate of the discrete phasow is changeal stepwise. Due to thisdisturbance the
transient response of the system changed, but the controlleittanuates this disturbance, and regulates the
system to the desired size. The experimental tests show that the designed cldeed microfluidic system is able

to generate droplets with desired precise size.

K EYWORDS
MicrochannelActive control, PID cotroller, Two-phase flow, Micredroplet.
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