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Structure Optimization of Saw-Tooth Microvalve Based on Simulation
and Orthogonal Test

GUAN Yan-fang, ZHANG Guo-xian, JIN Jian
( School of Mechatronics Engineering and Automation, Shanghai University, Shanghai 200072, China)

Abstract ; The structure of saw-tooth mierovalve used in valveless micropump with piezoelectrie actuator is
designed. The orthogonal design is adopted in optimizing the structure. Using the data of flow rate and
pressure loss obtained in computational fluid dynamics ( CFD) simulation, the range analysis and variance
analysis of the different combination of width, depth, length, taper and diffuser angle are performed. The
optimal level combination and signicifance level of several structural parameters are obtained. Availibality

of the optimal combination is testified in simulation.
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Fig.1 Structure of saw-tooth channel
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Table 1 Factors and level

d

HE
A B C D E
7J(EF‘ L===3 |2,

WER/ TEL/ EHR/ T HAo/ KEL/

m pm ) ) wm
1 60 80 7 45 1093.0
2 40 40 5 10 1366.3
3 20 120 10 30 1366.3
4 10 160 13 60 1366.3
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Fig.2 Boundary conditions of the 3D fluid

simulations of microfluid conduits
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Table 2 Orthogonal design and test results
i HE e Q/(ul s min™") HEJj P /kPa
B A B C D E = 2 0.05 0.40 0.70 1.00 1.30 0.05 0.40 0.70 1.00 1.30
= m/s m's m's ms ms m/s m/s m/s m/s m/s
1 1(60) 1(80) 1(7°) 1(45°) 1(1093) 1 1 0.39 8.25 16.57 24.99 33.55 0.003 2.860 9.779 21.629 38.087
2 1 2(40) 2(5°)2(10°) 1 2 2 0.52 15.27 29.31 43.60 58.08 0.166 16.443 47.630 93.419 154.585
3 1 3(120) 3(10°)3(30°)2(1366.3) 1 2 0.10 3.26 3.57 5.17 6.96 -0.005 1.262 4.526 8.999 14.667
4 1 4(160)4(13°)4(60°) 2 2 1 0.19-0.94 -3.13-7.63-13.83 0.003 0.614 2.102 3.974 6.330
5 2(40) 1 2 3 2 2 1 0.10 1.82 2.87 3.92 5.06 0.004 1.714 4.737 11.035 21.082
6 2 2 1 4 2 1 2 0.96 14.77 27.66 40.54 53.73 0.022 8.226 32.876 78.848 146.640
7 2 3 4 1 1 2 2 0.14 1.56 1.99 3.63 4.09 -0.017 0.583 2.579 6.716 12.704
8 2 4 3 2 1 1 1 0.05 1.05 1.27 0.61 1.27 -0.019 0.309 1.026 2.478 4.388
9 3(20) 1 3 4 1 2 2 0.15 1.18 1.78 2.57 3.42 -0.020 -0.366 1.371 10.545 28.125
10 3 2 4 3 1 1 1 0.36 7.37 13.84 20.09 26.34 -0.036 2.773 9.964 27.691 52.446
1 3 3 1 2 2 2 1 0.00 0.27 0.97 1.51 2.15-0.028 -0.146 -0.016 0.830 3.230
12 3 4 2 1 2 1 2 0.14 0.62 0.83 0.60 0.25-0.016-0.267 0.173 0.200 0.359
13 4(10) 1 4 2 2 1 2 0.11 0.78 2.02 2.67 3.36 -0.060-1.116 -1.183 -0.018 2.998
14 4 2 3 1 2 2 1 0.80 6.07 10.85 15.52 20.10 -0.039 -3.126-18.279 -39.792 —-51.512
15 4 3 2 4 1 1 1 0.09 0.59 0.73 0.92 0.00 0.004 -0.591 -1.158 -2.472 -5.983
16 4 4 1 3 1 2 2 0.03 0.98 1.52 1.66 2.62 -0.051 -0.337 -0.707 -0.195 -1.433
3 HOFRZEHOO05S m/s FEENEADN kﬁi% %4 EEREKE
Table 3 k value of the flow rate and pressure with Table 4 Optimal level of the factors
the velocity of 0. 05 m/s e &7
ko ke ke ke ky ke hp hy o 05 0.40 0.70 1.00 1.30 0.05 0.40 0.70 1.00 1.30
T m/s m/s m/s m/s m/s m/s m/s ms m/s m/s
0.30 0.31 0.17 0.26 0.04 0.00 -0.03-0.04
A 1 1 1 1 1 1 1 1 1
0.19 0.66 0.08 0.10 -0.02 0.03 —0.01-0.02 5 5 5 o 5 5 5 o o o o
0.35 0.21 0.27 0.20 -0.01 0.04 -0.02-0.03 ¢t v 1 1 1 22 2 2 1
D 1 2 2 2 2 2 2 2 2 2
0.37 0.17 0.15 0.35 -0.02 0.01 -0.02 0.00
E 2 1 1 1 1 1 1 1 1 1
0.22 0.30 0.00 -0.01
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Table 5 Flow rate and range
qu RqZ Rq3 Rq4 Rq5 Rpl RPZ Rp3 RP“ Rrﬁ
0.15 4.36 7.80 11.34 14. 67 0.08 6.59 21.34 42.62 67.40
0.58 10.44 20.29 31.13 41.98 0.05 6.00 17.40 38.43 73.13
0.14 3.87 8.00 12.49 18.02 0.07 4.81 15.68 29.99 47.71
0.22 0.98 2.94 4.38 5.97 0.04 3.86 13.30 26.99 43.87
0.09 1.20 2.67 4.47 6.45 0.02 1.81 5.69 11.97 17.39
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Table 6 Analysis of variance of the flow rate and pressure loss

nE - WEY O WEYIH AWM ¥WEFE O BE  FHE  BF  HEE BE FHE 0 BF
IR Q) H(P) i3 () wE  (Q) 43 (P) wE  (P) 143

A, 0.053 0.014 3 0.018 6.633 (%) 0.005 8.062 (%)
B, 0.886 0.006 3 0.295 110.390 = = = 0.002 3.538 (%)
C, 0.053 0.011 3 0.018 6.581 (%) 0.004 6.344 (%)
D, 0.162 0.004 3 0.054 20.214 * % 0.001 —

E, 0.029 0.001 1 0.029 10.816 # 0.001  0.001 —
e 0.005 0.002 2 0.003 — 0.001 —
Sy 1.189 0.039 15 — — — —
A, 51.772 97.177 3 17.257 6.488 () 32.392 5.383 (%)
B, 270. 222 98.571 3 90. 074 33.862 * 32.857 5.461 (%)
C, 36.302 53.917 3 12.101 4.549 (%) 17.972 2.987
D, 2.140 30. 878 3 0.713 — 10.293 —
E, 5.730 13.165 1 5.730  2.660 — 13.165  6.017 —
e, 19.033 25.289 2 9.517 — 12. 644 —
S1, 385.199 318.996 15 — — — —
A, 161.840  1027.581 3 53.947 4.848 (=) 342.527 4.607 (%)
B, 1022.299 798. 354 3 340.766 30. 622 % 266.118 3.580 (%)
C, 167. 664 608. 106 3 55. 888 5,022 (=) 202.702 —
D, 18. 847 397.594 3 6.282 — 132.531 0
E, 28.523 129. 672 1 28.523  11.128  — 129. 672 —
e 63.930 408. 358 2 31.965 — 204.179 —
Si,  1463.103 3 369.665 15 — — — —
A, 339.969 4 255.082 3 113.323 3.848 (%) 1418.36 4.200 (%)
B, 2306.274 3 806.699 3 768.758 26.107 x % 1268.90 3.757 (%)
C, 404.376 2 480.207 3 134.792 4.578 (%) 826.74 —
D, 47.337 1867.235 3 15.779 — 622.41 Ly
E, 79.939 572.825 1 79.939  29.446  — 572.82 —
€, 161.921 2 035.089 2 80. 960 — 1017.54 —
Sy, 3339.815 15017.137 15 — — — —
Ay 571.568 11 125.244 3 190.523 3.141 3 708. 41 4.338 (%)
B;  4159.976 13 657.786 3 1 386.660 22.859 x % 4552.60 5.326 (%)
C; 792.652  5937.729 3 264.217 4.356 (%) 1979.24 —
D, 99.518  4990.514 3 33.173 — 1663.50 ooy oy
E; 166.279 1 209.727 1 166.279  60.660  — 1209.73 —
€ 329.023  5682.126 2 164.511 — 2 841.06 —
Si; 6119.015 42 603.126 15 — — — —

F 1) F0.01(3,2) =99.2 F0.05(3,2) =19.2 F0.1(3,2) =9.16 F0.25(3,2) =3.15

I F B F0.01(1,2) =98.5 F0.05(1,2) =18.5 F0.1(1,2) =8.53 F0.25(1,2) =2.57
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Table 7 Test result of the combination of A, B,C,D,E,

7
W u / 0.05 0.40 0.70 1.00 1.30
(m+s™)
“i:lé
”'”*Q/_] 1.059 14.592 27.763 41.334 54.976
(L« min™")
EHP/kPa 0.160 16.920 49.133 96.677 157.81
4 HRIE

ATAERGH T 8RA e RIE 450, JF I IEZZ i
TS EARIAAS & RO TLIE LS 5 S8
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40 pum,7°(5°) ,10°H1 1 093 wm. FJ7 22574 J5 9 %t
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