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Experimental analysis of measurement method for
micro coriolis mass flowmeter with differential tubes

Yang Huiyue Tu Yaqing Peng Yuqin

(Army Logistics University of PLA, Chongqging 401311, China)

Abstract: To investigate the problem of small flow measurement, a micro Coriolis mass flowmeter is introduced which is designed with
diversion pipe crossed. Liquid in two different tubes flows in the opposite direction. The measurement value of Coriolis mass flowmeter is
the difference between the two tubes’ flow. A phase-frequency matching method for frequency estimation, phase difference estimation is
discussed in detail. Smoothing method for the estimation results is also put forward. Experimental research is carried out under three
different basic flows. On this basis, the zero stability, linearity and measurement error of the flowmeter are analyzed. The experimental
results show that the zero point of the differential flowmeter has a great relationship with the basic flow. The instability of the zero point
is estimated to be 0. 539 g/min, and the accuracy of the full range is within 0. 5%. The mass flow has a remarkable linearity with the
time difference.
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with differential flow tubes
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Fig.2 Experiment device
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Fig.3 CMF with differential flow tubes
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Fig. 4  Test results of zero stability with different basic flow
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Table 1 Test results of mean zero point

HAbfR/ (g min") e 2% /s 4R/ Haz &/ V
300 -1.413x107* 47.5321 0.940 3
500 -1.939x107* 47.5257 0.920 8
700 -2.573x107* 47.5134 0.895 9
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7 o TR 52 e R BE AL 152 22 °F J7 RN 7 2% 1T 6. 828 x
107, BMAR A Bk 29, BT p<<0. 01, IF LI R LAt 9
W ERERIC D,

x2 10000 =6tE=EFHE

Table 2 Mean time difference of every 10 000 points

SRR R 22/ (X107 s)

.

SRA 300 g/min 500 g/min 700 g/min
1 ~1.449 -1.912 -2.55
2 -1.331 -1.956 -2.567
3 -1.416 -1.924 -2.587
4 -1.47 -1.936 -2.601
5 ~1.409 -1.96 -2.563
6 -1.432 -2.001 -2.55
7 -1.359 -1.945 -2.641
8 -1.44 -1.896 -2.601
9 -1.383 -1.935 -2.528
10 -1.475 -1.945 -2.611
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Table 3 ANOVA table
Ty 2K A 5% 1] BEALIR 2

T 6.790x107 3.794x1071°

B 2 27

Y395 3.395x107% 1.405%x1071
F 2416. 38
p 3.582x107

3.3 NELHEESH
MR R G S50, AV At 5 9 5 1 )

PRI b, B A] 22 55 o B i A 2R R B B I R
R, M AN [F SR &, BT it X R [ B[] 2 25
KR, SR, AN R T E 10 000 WK, IS
{8, SCEEE AR 4 PR,

FIH MATLAB &1 B A TF5 3 AL fib gt o T 2k
FE MR A A R 5 s, etk AR As R an gk s
fiR, FTLAE W, 3 PRI 2 TR R ZS R REmN
LRMEREARLY R HER S PHERR R AR LT 1 H
F RIS MERAE p 2/ T 30 2 K o, 16 B (] DA 7Y g 41
AR B R R R



- 70 - LSRR R e o

5 34

F4 AREMREREZERFEMULER

Table 4 Test results of frequency and time difference with different basic flows

FEAA 300 ml/min

FERAR & 500 ml/min

FEAA 700 ml/min

it/ (g - min~")

ISR 22 /s R/ Hz B[] 22/ W/ Ha EE e
0 -1.363x107* 47.515 1 -1.901x107* 47.514 3 -2.650x107* 47.513 5
0.5 -1.324x107* 47.514 8 -1.894x107* 47.514 3 -2.549%x107* 47.513 5
0.833 -1.126x107* 47.514 8 -1.814x107* 47.514 1 -2.469x107* 47.513 4
1.333 -1.117x107* 47.514 8 -1.715%x107* 47.514 4 -2.341x107* 47.513 4
1. 667 -1.104x107* 47.514 9 -1.637x107* 47.514 1 -2.266x107* 47.513 4
3.333 -7.375%107° 47.514 9 -1.279x107* 47.514 2 -1.904x107* 47.513 4
8.333 3.546x107° 47.515 1 -1.678x107° 47.514 2 -7.717x107° 47.513 4
11. 667 1.120x107* 47.515 2 5.541x107° 47.514 3 -3.954x107° 47.513 3
16. 667 2.201x107* 47.515 1 1. 664x107* 47.514 3 1.088x107* 47.513 3
25 4.087x107* 47.515 1 3.524x107* 47.514 1 2.959%x107* 47.513 2
33.333 5.925%x107* 47.515 1 5.375%x107* 47.514 3 4.823x107* 47.513 2
41. 667 7.804x107* 47.5152 7.282%x107* 47.514 2 6.707x107* 47.5135
50 9. 645x10™* 47.5152 9.117x107* 47.514 1 8.537x10™* 47.513 4
60, 70
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50+ o 60 FARBHE 500 ml/min
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Fig.5 Linear fitting chart
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Table 5 Linear regression analysis

FR R/ (ml - min™") 300 500 700

RN kxlOi 4.5250 4.504 4 4.462 6
bx10 0. 000 6 0.000 9 0.001 2

H5E BB R 0.999 8 0.999 9 0.999 9
F 6 136.3 122490 1610 280

P 0 0 0
ENEpF= 0.058 1 0.029 1 0.002 2
2k «=0.01 a=0.01 a=0.01
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