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The Influence of the Geometry on the Performance of a Thermopneumatic
Micropump Operated by Capillary Attraction
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Abstract

Recently, we developed a simple thermopneumatic micropump having neither a membrane nor a valve.
This micropump discharges liquid by a thermopneumatic pressure and refill by a capillary attraction. In case
of the micropump driven by the capillary attraction, the flow characteristic depends mainly on the geometry
of the micropump. In this paper, we investigated the influence of the geometry of the micropump on the
performance of the micropump to illustrate the properness of the micropump shape. We analyzed the
micropump characteristics of six types having different geometries by FVM simulation with a commercial
CFD tool. Also we fabricated the micropumps with PDMS and glass by micromachining, and tested the
performances. The simulation and the test results illustrate that the discharge volume and the discharge time
depend on the chamber volume. The expansion angle of the inlet channel location has influence on the refill
time, while the front air channel direction has influence on the backward flow loss.
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Fig. 1 The schematic of micropump
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Fig. 2 The layouts of various pump geometries(Arrows
indicate the front air channel direction) ; (a) Type
1A, (b) Type 2A, (c) Type 1B, (d) Type 2B, (e)
Type 1C, (f) Type 2C
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Table 1 Simulation results of micropumps
Type 1A Type 1B Type 1C Type 2A Type 2B Type 2C
Discharge time (sec) 2.83 291 2.93 3.54 3.62 3.58
Refill time (sec) 3.07 3.12 2.92 3.71 3.79 3.81
Discharge volume (nL) 101.4 103 104.2 124.6 126.4 127.8
Backward flow loss (nL) 49.6 56.8 49.2 47.4 55.6 46.4
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Table 2 Test results of micropumps
Type 1A Type 1B Type 1C Type 2A Type 2B Type 2C
Discharge time (sec) 4.2 4.2 6.4 7 7.1 6.3
Refill time (sec) 16.1 16.2 17.9 323 31.1 28.7
Discharge volume (nL) 102.8 102 100.5 123.1 125.9 127.3
Backward flow lose (nL) 50.9 75.4 50.1 48.2 76.6 48.2
Standard deviation (nL) 1.4 1.7 1.6 1.5 1.8 1.1
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Fig. 5 The image of micropump (Type 1A)
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Fig. 6 The graph of the discharge volume and deviation
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