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Abstract: To inhibit the generation and development of cavitation, a bionic coal liquefaction
regulating valve with a drainage structure is designed by following the Bio-TRIZ bionics theory
and taking the cuttlefish nozzle structure as the biological prototype. The distributions of
pressure and vapor volume fraction in internal flow fields of the bionic valve and the original valve
are studied and compared by numerical simulation. The characteristic quantity of cavitation
suppression efficiency () is introduced to quantitatively evaluate the cavitation suppression effect
of the bionic valve seat structure. At the same time, a visual experiment system of the regulating
valve is built and the cavitation images of different valve seats are captured by high-speed
cameras. The influence of the bionic valve seat on the cavitation length is analyzed. The results
show that the head of the valve, which is a key part, is vulnerable to cavitation damage. The
optimized bionic seat structure can effectively inhibit the generation and development of
cavitation, and the effective volume of vapor phase and the cavitation length are reduced. In

addition, the bionic valve seat can suppress the severity of cavitation under small opening

Wk HB: 2022-03-10, FEHEFE A X FEMA9I82—) & HFz . A I Xk GEEEE . B . mtE., HEEWH.
% E AR 3 4 9 B30 H (51875559)
2 R B[R] . 2022-05-11 W 2% L hE . http: // kns. enki. net/kems/detail/61. 1069. T. 20220510. 1838. 002. html



%o

XU T A & 4 (17 A2 5| O 91 T g 3 A AT S F 29

conditions and accelerate the development and collapse of cavitation under large opening

conditions. The cavitation suppression efficiency improves with the gradual increase in opening

and reaches 32. 81% at 70% opening.
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Fig. 1 Schematic diagram of the experimental system
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Fig. 2 Geometric model of coal liquefaction regulating valve
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Fig. 3 Control valve mesh division
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Fig. 4 Grid independence verification
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Table 1 Operation condition and fluid physical properties of

control valve
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Fig. 5 Bionic design model of coal liquefaction regulating valve
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bionic optimized structure of the regulating valve
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Fig. 7 Schematic diagram of the cavitation

area of the regulating valve
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Fig. 8 Pressure cloud diagram
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Fig. 9 Pressure variation curve of different valve seats
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Fig. 11 Variation curve of vapor phase volume

fraction under different opening degrees
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Fig. 13 Variation curve of cavitation suppression efficiency

under different opening degrees
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