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Abstract: To solve the technical difficulties in the collaborative design of wide range, high accuracy, and smooth ope-
ration of domestic reciprocating piston flowmeters, this paper establishes a four piston linkage kinematic model based on
crank slider mechanism, and analyzes the piston motion law and dynamic characteristics systematically. By utilizing gap
optimization control technology, it studies the influence mechanism of motion pair clearance on piston resistance and lea-
kage, breaking through the key technical difficulties of gap matching and dynamic sealing under high-precision working
conditions, and ultimately achieves the structural optimization design of a four piston linkage piston flowmeter. Experimen-
tal results show that the flow measurement range of the developed prototype can reach 5 ~ 10 000 mL/min, and the error
does not exceed +0.54% over a 200: 1 turndown ratio. This study can effectively meet the technical requirements of indus-
trial sites for wide range and high-precision flow measurement, and has good engineering applicability.
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Fig.1 Working principle of reciprocating piston flowmeter
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Fig.2  Structural composition of reciprocating piston flowmeter
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Fig.3  Piston size
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Fig.4 Crankshaft speed pulsation of piston flowmeter
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Fig.5 Schematic diagram of piston motion force
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Fig.6  Curves of internal leakage fraction and viscous friction
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Tab.1  Flow calibration test results of HSO10 flowmeter in RP-3 aviation kerosene medium
B it g,/ (L/min) PRl it g,/ (L/min) BRI 1 Hz SRR L K/ L EREME %
10 10.015 170 61.633 369.24 0.02
7.5 7.471 543 46.086 370.09 0.02
5 5.006 340 30.971 371.18 0.02
2.5 2.497 903 15.477 371.75 0.05
0.05 0.049 970 0.308 369.50 0.06

&2 HSO10 A 7 B3t /£ 4050408 7 it A T 89 SR AU KB 28 R
Tab.2  Flow calibration test results of HS010 flowmeter in 4050# lubricating oil medium

BEE & g,/ (L/min) FRAER & ¢,/ (L/min) BEAZITZ f1 He IR RRK/L WREEE %
10 10.009 750 61.745 370.11 0.02
7.5 7.508 160 46.471 371.37 0.05
5 5.004 880 31.053 372.27 0.00
25 2503 513 15.572 373.19 0.05
0.05 0.051 140 0.319 374.12 0.06
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