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Influence of fluid viscosity on metering characteristics of the turbine flowmeter
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Abstract: The cementing mud flowmeter is an instrument that is used to measure mud flow rate in oilfield cementing engineering. It
belongs to tangential turbine flowmeter. To explore the influence mechanism of fluid conditions on its metering characteristics, the
mathematical models of the driving moment and the resistance moment of the impeller of the flow meter are firstly formulated. Based on
this, the instrument coefficient K model is established. And the fluid viscosity is confirmed to be one of the influencing factors.
Secondly, in actual cementing operation, the influence of viscosity on meter measurement characteristics is complicated. Therefore, the
finite element analysis software is used to establish the 6DOF impeller passive rotating fluid simulation calculation model. The flow field
characteristics and instrument coefficient characteristics under the conditions of various fluid viscosity 35, 45, 55, 65, 75 mPa-s are
simulated and analyzed. And the influence law of viscosity change on the flow meter measurement characteristics is summarized. Finally,
the average error is 1.38% by comparing the actual cementing measurement data with the simulation data, which evaluates the
effectiveness of the simulation model.

Keywords : turbine flowmeter; instrument coefficient; the impeller; fluid viscosity
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Fig. 1 Diagram of impeller moment analysis
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Table 1 The simulation results
Q/(m*-min™") AN B/ (reminT')  Kg/(1om™)
0.21 0.35 370.246 2 1 898.21
0.25 0. 66 472.029 8 1 888. 45
0.32 1.00 602. 629 2 1 883.22
0.42 1.76 786. 300 6 1 858. 14
0.50 2.33 947.777 9 1 842. 56
0.58 3.03 1097.051 0 1 849.95
0. 66 4.35 1231.110 0 1 880. 32
0.74 5.24 1419.373 0 1 887.56
0.83 6.54 1570.418 0 1 892.07
1.00 9.22 1936.019 0 1936. 02
1.20 13. 63 2 413.007 0 1979. 36
1. 60 23.12 3160.512 0 1985.32
2.00 34.09 3 970.460 0 1 985.23
2.40 51.23 4770.032 0 1 987.50
2.80 70. 11 5 669.944 0 2 024.98
3.20 90. 50 6 651.360 0 2 078.55
3.60 118. 18 7 521.588 0 2 089.33
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TR N AR I R 1 S U SR S D7 BB A A
HlE IR ANER 2 PR,

F2 FhE 54 mPa-s FE 1500 kg/m’ EFH NIRRT E
Table 2 Viscosity 54 mPa-s, density 1 500 kg/m’
comparison of cementing measured data

/ Jj LG/ S .
3 ¢ .-l b %ﬁ *UJ%E RZE/%
(m’+min™") (remin”") (remin”")
1. 66 3 500. 12 3 600 2.70
1.71 3511.79 3620 2.90
1. 80 3 602. 37 3 680 2.10
1. 88 3752.33 3760 0.20
1.98 3 944. 67 3960 0.39
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AT RERNBER R E 1.05~2. 15 m®/min 70 FE N
5 AN A, E SE PR IR TS W S5 R AR
ZH TR R INER 3 i,

R 3 HHE 50 mPa-s ZFE 1380 kg/m® Bl FSDiEERT L

Table 3 Viscosity 50 mPa-s, density 1 380 kg/m’
comparison of cementing measured data

Q/ (UEsRi3i v S o
(m® min™") (remin”") (remin”") R/
1.05 2 144.24 2 160 0.73
1.48 3 001. 40 2 980 2.00
1.75 3 800. 79 3 840 2.30
1.93 3 842.46 3 860 0.15
2.15 4 406. 27 4390 0.37
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