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Figure 1 Geometric model of microchannel for
droplet detection chip
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Table 1 Orthogonal experimental design table for

structure parameters of droplet detection chip pm

Kl %A %8B %C %D
75 W, W, W, H
1 70 70 70 50
2 70 80 80 60
3 70 90 90 70
4 70 100 100 80
5 80 70 80 70
6 80 80 70 80
7 80 90 100 50
8 80 100 90 60
9 90 70 90 80
10 90 80 100 70
11 90 90 70 60
12 90 100 80 50
13 100 70 100 60
14 100 80 90 50
15 100 90 80 80
16 100 100 70 70
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Table 2 Physical parameters of working fluid

W e/ FEp BE o FEIKIT Biilfhs

g . | .
(kg'm™) (Pass) (m-s™) F/(N'm) (°)
il 1614.0 0.018  0.03 0.01 140
E£BTFIK 998.2 0.001  0.03 0.01 140

(b) 5 um

3 AEME R~ T B
Figure 3 Droplets with different grid size
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Figure 2 Grid independence test
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Figure 4 Comparison between the numerical

simulation and experimental results
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Figure 5 Droplet sequences with different channel sizes
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Table 3 Orthogonal experimental results

R TS F,/ms F,/nL F,/pm
1 3.292 0.210 306.5
2 3. 064 0.252 293.6
3 2.466 0.29%4 217.9
4 2. 166 0.336 184.8
5 2.802 0.336 284.6
6 2.312 0.384 281. 4
7 2.810 0.240 205.5
8 2. 626 0.288 253.6
9 2.576 0.432 274.2

10 2.572 0.378 241.6
11 2. 666 0.324 361.4
12 2.708 0.270 310.7
13 3.070 0. 360 289. 6
14 2.958 0. 300 300.3
15 2.214 0. 480 308.9
16 2.410 0. 420 411.7
x4 EBIRER
Table 4 Proportional scale
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Table 5 Results of joint evaluation

TS 0.1C,+0.9RSRw 0.5C,+0.5RSRw 0.9C,+0. 1RSRw

1 0. 644 27 0.656 87 0. 669 47
2 0.617 13 0.599 17 0.581 21
3 0.713 46 0.638 31 0.563 17
4 0.674 24 0.599 43 0.524 63
5 0.444 97 0.397 87 0.350 77
6 0. 460 30 0.393 49 0.326 69
7 0.761 66 0.745 79 0.729 92
8 0.679 99 0.606 19 0.532 40
9 0.333 31 0.285 81 0.238 30
10 0.472 41 0. 405 54 0. 338 67
11 0.467 23 0.412 16 0.357 10
12 0. 608 46 0.572 28 0.536 11
13 0.318 80 0.295 51 0.272 21
14 0.478 48 0.451 90 0.425 32
15 0.322 34 0.288 95 0. 255 56
16 0.327 66 0.274 29 0.220 92
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Optimization of Micro-channel Structure for Microfluidic Droplet Detection Chip

Based on Joint Evaluation

DONG Xinmin', ZHANG Hongli', XU Gang', LIANG Shuai"?, YU Renhui’

(1. School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. Guangdong Shunde Inno-
vation Design Institute, Foshan 528311, China; 3. Guangdong Institute of Special Equipment Inspection and Research Shunde
Branch, Foshan 528300, China)

Abstract; In order to explore the droplet detection chip with short detection instrument time, small continuous
phase reagent consumption and small single column spacing, the micro-channel simulation geometric model
was established, and the model validity verification experiment was carried out. Using Fluent simulation soft-
ware , and simulating 16 kinds of droplet detection chips with different structural sizes in the orthogonal experi-
ment, the subjective weighting method and the objective weighting method were combined to form a combina-
tion weighting method to weight the evaluation indicators. TOPSIS and RSR were used to jointly evaluate the
numerical simulation results, and the order of superiority and inferiority of 16 kinds of structures were
obtained. The evaluation results showed that a droplet detection chip with the optimal size structure could be
obtained in the conditions of the continuous phase channel size of 80 wm, the discrete phase channel size of
90 wm, the cross exit channel size of 100 pm and the channel depth of 50 pwm. The droplet detection chip
with that structure consumed less continuous phase reagent per unit time and could produce the performance
with smaller droplet sequence spacing and short detection interval time of single droplet.

Keywords: droplet detection chip; channel structure; combination weighting; rank-sum ratio method;

joint evaluation



