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Numerical Simulation of Hydraulic Characteristics of Frame-type
Current Meter Based on Dynamic Grid 6DOF Model and
Prediction of Flow Measurement Rate Constant in Open Channel
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(1. College of Water Resource Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China
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Abstract; A six degrees of freedom rigid body dynamics coupled numerical simulation model under
dynamic grid was established, and the passive rotation process of the propeller caused by water impacting
the frame-type current meter was simulated. It was based on the Navier — Stokes equation for
incompressible fluid flow and the SST k£ — @ turbulence model, combined with the VOF multiphase flow
model. This was done to analyze the flow field characteristics and motion posture of the frame-type current
meter in the open channel, while calibrating the multiplier constant K and friction coefficient C. In this
way, this can analyze the influence of different positions of the current meter on the multiplier constant K
and friction coefficient C. The results showed that the use of the dynamic grid 6DOF model can effectively
simulate the flow state of the frame-type current meter in open channels, and the simulation results were
highly reliable. By analyzing the fitting curves of rotational speed and flow velocity at different times, it
can be concluded that the different positions of the current meter would affect the magnitude of the friction
coefficient C of the current meter, and it had little effect on the multiplication constant K of the current
meter. This achievement can provide theoretical basis and technical support for the construction of digital
twin irrigation areas and the measurement of open channel water in irrigation areas. The research results
can provide necessary references for further research on the optimization of frame-type current meter and
the wear of current meters under different sediment flow conditions.
Key words: open channel flow measurement; hydraulic characteristics; frame-type current meter
method; dynamic grid 6DOF simulation model; numerical simulation; rate constant
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Fig.1 Schematic of frame-type current meter structure
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Fig.2  Schematic of on-site installation of frame-type

current meter
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Fig.8 Cloud maps of velocity, streamline, water thrust, and three-dimensional flow field distribution

of No.5 current meter in open channel at different times
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Tab.4 Speed distribution of current meters at different positions at different times r/min
AR I H] /s pemi Npem2 NreMs NrcMa NpcMs N EcMs Npemy Npcms Nrcmo

20 408.177 6 429.052 6 415.446 6 259.2279 262.9200 261.693 2 247.2707 251.130 6 245.419 6

25 389.836 6 416.318 8 397.884 4 272.3756 276.4358 273.565 4 261.920 6 266.353 4 260. 448 1

30 387.218 2 409.928 4 389.7143 266. 098 7 269. 887 0 267.602 3 255.818 8 260. 500 5 254.0719

35 384.5423 409. 196 1 391.0358 266.743 0 270.7525 267. 886 1 256.8410 261.414 1 255.096 6

40 382.3735 407.034 0 387.454 8 265.7205 270. 006 3 267.366 1 256.1437 260. 748 6 254.403 9

45 383.4422 407.553 4 387.8306 265.789 6 269.807 0 266. 826 1 256.025 1 260.477 8 254.1132

50 382.5595 406. 936 8 387.5758 265.4255 269.7316 267.0216 256.047 5 260.5329 254.176 5

55 382.570 1 407.367 4 387.748 6 265.2127 269.613 6 266.745 8 255.8770 260.294 9 254.090 9

x5 AR ERENARE IR RES S
Tab. Velocity distribution of current meters at different positions at different times m/s
LA 8] /s Ve Vpem2 Vpeums Vpcma Vpcus Ukcue Vrcwr Ukcus Vpcumo

20 0. 525 860 0.552 768 0.535 220 0.333972 0.338714 0.337 141 0.318 560 0.323 533 0.316 184

25 0.502 231 0.536 362 0.512 595 0.350910 0.356 126 0.352 436 0.337 434 0.343 145 0. 335 546

30 0.498 858 0.528 129 0.502 069 0. 342 824 0. 347 689 0.344 753 0.329 573 0. 335 604 0.327 331

35 0.495 410 0.527 186 0.503 772 0. 343 654 0. 348 804 0.345 119 0. 330 889 0.336 781 0.328 651

40 0.492 616 0. 524 400 0.499 158 0. 342 337 0. 347 843 0. 344 449 0.329 991 0.335924 0.327 759

45 0.493 993 0.525 069 0.499 642 0. 342 425 0. 347 586 0.343 753 0. 329 838 0.335575 0.327 384

50 0.492 856 0.524 275 0.499 314 0. 341 956 0. 347 489 0. 344 005 0. 329 867 0. 335 646 0. 327 466

55 0.492 869 0.524 830 0.499 537 0. 341 682 0. 347 337 0. 343 650 0.329 648 0.335 339 0.327 356
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Fig. 10  Relationships between rotational speed and

flow velocity of propeller with time
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