4% 56 % 4 6 W % ¥ #R Vol. 56, No. 6
2024 £ 6 H Chinese Journal of Theoretical and Applied Mechanics Jun., 2024

WARERMNERE RN E A

AN NRENERARARER"

gyt B et ARET XY BERE-hY
*(PETHEREFWLAA W E TR T E USR0S, B 310018)
T (B RF R TR =R, i 310018)

WE MEERE I EEGRSE . MRRE . BT, BRI AN Se ik ] 18 55 2 2 RL U A2 R, T
BRI RO BB WA X LGRS T M. SRR, AN (BB LROT . LT, B
ZHR) IR T REHT ™ IR R, SR AL R R0, AT (9 A B B AR L T vk A DN B v e
R, TR, 75 B I R BOR (R HE — 25 A R R A2 SN I A AR R EE SR BRI 5 K. LA T
ATl R P P SR I M £ 2 2 e, e, IRAE I B R R RS NSM S RE R (BIAnFRE . FARESS),
R BUA BRI AL T A BN DN B BOR 73 DA DA S R AN JE A Sl AR ok, 7 v
R RAFNERARRIT R, X EUFERERENESAR (B REAMBPLOERE) . RURENESAR ik
R AT RN ) G RR R R EOR OSBRI EROR (EEX, &8
PEBEEAR ) R IEEAR . B EHORRE H IR ERBOREE, it 7 LR B HoR A A& B & B . )
BErERETR R ILER T 5, S5 A ARSI ORI A e BEN Bk R B B, B TR N R
0B P I ISR R A R R

XEEE UNAUR, W, WR, MORRUE, s

hESES: THRI4  CHEFRIREE: A doi: 10.6052/0459-1879-23-500
RESEARCH PROGRESS OF LIQUID MICRO-FLOW MEASUREMENT TECHNIQUES‘)

Hou Likai *T FanXu® Jin Yuzhuo ¥ LiuMingyang ¥ Bao Fubing *?

: (Zhejiang Key Laboratory of Flow Metering Technology, China Jiliang University, Hangzhou 310018, China)
i (College of Metrology and Measurement Engineering, China Jiliang University, Hangzhou 310018, China)

Abstract  With the interdisciplinary research of fluid mechanics and multi-disciplinary fields such as life science,
materials science, medical and health, energy technology, environmental sciences, advanced manufacturing, etc., liquid
micro flow and microfluidic technology have gradually been widely applied in the above fields. At the same time, the
need to measure liquid micro flow (microliters or nanoliters per minute, or even smaller) is becoming more and more
prominent. With the shrink of characteristic scale under the microscale application, the original liquid flow measurement
technology has been unable to meet the requirements of measurement accuracy of liquid micro flow. Therefore, the
further development of flow measurement technology is needed to meet the needs of micro flow measurement and
microscale integration of sensors. This paper mainly introduces the existing and developing liquid micro flow

measurement technologies and discusses its application background and existing problems. Firstly, depending on whether
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external energy (such as electric energy, heat energy, etc.) is introduced in the measurement process, the existing and
developing liquid micro flow measurement technologies are divided into active flow measurement technology and
passive flow measurement technology. Then, their specific measurement technologies are discussed respectively,
including mass flow measurement technology (Coriolis flow measurement, micro resonator), thermal flow measurement
technology (heat loss flow measurement, calorimetric flow measurement, time of flight flow measurement), optofluidics
technology (photobleaching flow measurement), pressure conversion flow measurement technology (pressure difference
flow measurement, cantilever flow measurement, flexible film deformation flow measurement), particle image
velocimetry technology, gravity measurement technology, meniscus tracking technology, etc.. The sensor measurement
principle, measurement performance index, advantages and disadvantages of the above-mentioned liquid micro flow
measurement technologies are discussed. Finally, combined with the development of liquid micro flow measurement
technology and the construction of national advanced measurement system, the application prospect and challenges to be

solved in micro flow measurement of liquid are summarized.
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Fig. 1 Operation principle of Coriolis flowmeters
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Fig. 2 Principle of thermal flow measurement
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Fig. 3 Optofluidics flow measurement technology
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Table 1

Micro liquid flow measurement techniques

Category Type Sketch Range/(uL-min™") Uncertainty/% Response time/s
coriolis 0.84 ~ 3300122 0.2 0.2
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optofluidic 0.00583%] 10 —
2~ 3511 0.1 NA
cantilever
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passive
1.1~ 1100131 10 0.1

pressure difference

1.7 ~ 1700644 — —
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Fig. 4 Principle of cantilever flow measurement
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Fig. 5 Principle of cantilever flow measurement
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