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Figure 1 Flow focusing micro-channel geometry model
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Table 1 Orthogonal experimental design of flow

focusing micro-channel structure parameters

e o W,/ pm W./pm W,/ pm H/pm
K7 2 C )
1 25 25 40 25
2 25 30 35 30
3 25 35 25 35
4 25 40 30 20
5 30 25 35 20
6 30 30 40 35
7 30 35 30 30
8 30 40 25 25
9 35 25 25 30
10 35 30 30 25
11 35 35 40 20
12 35 40 35 35
13 40 25 30 35
14 40 30 25 20
15 40 35 35 25
16 40 40 40 30
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Table 2 Physical parameters of two-phase flow

VQDW:OO (5>

" HE p/ B w W v/
e (kgem™) (Pa-s) (mes™)
it 1614 0.018 0. 025

EBETK 998.2 0. 001 005 0.015
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Figure 2 Grid independence test
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Figure 3 Formation diagram of droplets in different channel sizes
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Table 3 Analysis table of orthogonal experimental results

KT 5 F,/ms F/ul F,
1 1.99 0.031 25 1.8
2 1.35 0.045 00 1.7
3 0. 66 0.061 25 1.7
4 1.03 0. 040 00 1.8
5 1.45 0. 025 00 1.9
6 1.55 0. 052 50 1.4
7 0. 85 0. 052 50 1.6
8 0.35 0. 050 00 1.7
9 0.59 0. 037 50 1.8
10 0.76 0. 037 50 1.7
11 1.63 0. 035 00 1.5
12 0.99 0. 070 00 1.2
13 0. 81 0.043 75 1.5
14 0. 36 0. 030 00 1.8
15 0.99 0.043 75 1.4
16 1.23 0. 060 00 1.1

TOPSIS 5k i il 1119 MATLAB B2/ 40°F o

1: a=load('C:\Users\xg\Desktop\a.txt") ;
2: PbriEfab 2R

3. fori=1:3

4. ma=max(a(:, i) );

5: mi=min(a(:, i) );

6. b(:,1)=(a(:, i)-mi )/( ma—mi );
7. end

8+ Gl Hhy F JIIASU R S 2 e

9. w=[304030];

10. for I=1:16

11: for j=1:3

12; c(i,j)=0b(i,j) * w(j);

13. end

14. end

15: %It B L2 A 4R 4L

16. fori=1:16

17. dl1(i)=norm(c(i,:)-min(c));

18 d2(i)=norm(c(i,:)-max(c));

19. f(i)=d2(i)/(d1(i)+d2(i))

20 end

21: [sf,ind ] =sort(f, descend’) ,
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Table 4 TOPSIS comprehensive evaluation results table

I s RN R
14 0.691 23
15 0. 603 76
13 0.599 19
10 0. 588 89

9 0.582 49
8 0.552 78
16 0.527 91
11 0.526 96
5 0.498 78
4 0.479 78
7 0. 476 59
12 0.445 43
6 0.423 54
2 0.414 30
3 0.396 07
1 0.381 94
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Figure 4 Comparison of droplet generation results
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Table 5 Comparison of evaluation results before and

after optimization

WA F,/ms F,/pL F, F

He AL B 1.18 0.07 1.0 0.448 17
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Optimization of Micro-channel Structure of Flow Focusing Microfluidic Chip

XU Gang"?, LIANG Shuai’, LIU Wufa', ZHENG Peng'

(1.School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450001, China; 2.Guangdong Shunde Inno-
vation Design Institute, Foshan 528311, China)

Abstract. This study aimed to explore a microfluidic chip that could generate a single droplet with a short cy-
cle, consume a small amount of continuous phase reagents, and have low processing costs. The FLUENT simu-
lation and VOF method were employed to simulate 16 microfluidic chips with different structure sizes in orthog-
onal experiments. Finally, the TOPSIS was used to comprehensively evaluate the numerical simulation results,
and the order of superiority and inferiority of 16 structures was obtained. The evaluation results showed that a
microfluidic chip with the optimal size structure could be obtained under the conditons of the continuous phase
channel size was 40 pm, the discrete phase channel size was 30 pm, the cross exit channel size was 25 pm
and the channel depth was 20 wm. The microfluidic chip could be produced the performance with smaller
droplets, highest frequency and consumes less continuous phase reagent per unit time.

Key words: microfluidic chip; channel structure; orthogonal design method; TOPSIS



