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Research on a novel dual-mode thermal microflow sensor

Wu Wei, Guan Haogiang, Lijin beiqi, Wang Ruijin, Zhu Zefei

(School of Mechanical Engineering, Hangzhou Dianzi University, Hongzhou 310016, China)

Abstract : Due to the advantages of low power consumption, fast response and high measurement accuracy, Micro flowmeter have a wide
application in the fields of automotive industry, aerospace engineering, biological research, clinical diagnosis and so on. Calorimetric
micro flowmeter determines the flow velocity value by measuring the temperature difference between the upper and lower reaches of
heater. However, when the flow velocity exceeds a certain threshold, the temperature difference will not increase with the flow velocity,
which limits the measuring range of the micro flowmeter. In this paper, numerical simulations for a wide range of flowrates (0.01-160
SCCM) are firstly carried out to investigate the response of temperature difference to flowrate. It is found that the response of temperature
difference to flow velocity is almost linear when diffusion is dominant. With the increase of flow velocity, the response of temperature
difference decreases gradually and is nonlinear. As the flow rate increases further, the response of temperature difference becomes
saturated and the calorimetric operation mode fails. Secondly, on the basis of numerical simulation, a dual-mode micro-heat flow sensor
is proposed, which adopts hot wire operation mode at high flow rate and calorimetric mode at medium and small flow rate. Finally, a
micro flowmeter is manufactured by 0. 18 pm CMOS-MEMS technology, and the threshold for mode-switch is defined by the sensitivity in
experiments. Compared with standard flowmeter, the error is less than 2% , which is in line with the practical application requirements,
but the range is doubled.

Keywords : thermosensitive ; micro flow sensor; dual-mode; calorimetry mode; hot-wire mode
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Fig. 1 Flow sensor structure
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Fig.2 Comparison of numerical results and theoretical results
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Fig. 6 Temperature clouds at various flowrates
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Fig. 7 Responses of temperatures at moderate flowrate
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Fig. 8 Temperature responses at greater flowrate
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Fig. 9 Temperature clouds at various flowrates
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