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A Real-Time Measurement of Bubbly and Slug Flow Using
Electromagnetic Flowmeter with Low Frequency Sinusoidal and High
Frequency Triangular Excitations
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Abstract

In order to investigate the characteristics of electromagnetic flowmeter in two-phase flow,
electromagnetic flowmeters with 5Hz sinusoidal and 240Hz triangular AC excitation were
designed and manufactured. The sinusoidal flowmeter was a voltage type. It enabled us to
detect transitions from bubbly to slug flow. The relation among its output, liquid flowrate and
void fraction has a good agreement with the simple relation. Therefore the measurement of void
fraction became possible by two electromagnetic flowmeters installed in the single-phase
section (for the measurement of j;) and in the two-phase section (for the measurement of [1U+p).
The triangular flowmeter was a current type. For two-phase slug flow, it provided real-time
simultaneous measurements of the mean film velocity around Taylor bubble and the relative
location and the length of the bubble. Besides, it is an easier and cheaper method for measuring
mean film velocity than others such as photochromic dye activation method or particle image
velocimetry.
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Fig.1 (@) The schematic diagram of electromagnetic flowmeter developed (Voltage type)
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Fig.1(b) The schematic diagram of electromagnetic flowmeter developed (Current type)
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UPS( ) (frequency converter)
(5H2) (2A) (Fig.1(a)). 630Gauss(rms)
0.10hm, 10W
(Vref) .
Fig.1(b) UPS
60Hz (triangular wave editor, Pacific Power Source 115ASX)
240Hz, 470Gauss(rms)
0.10hm, 10W
(Vref) (Vpc) '
V ref Ve Fig.1(b) (control
signal)
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Fig. 2(a) The distribution of magnetic flux density (Voltage type)
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Fig.2(b) The distribution of magnetic flux density (Current type)
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Fig.5 Schematic diagram of two-phase flow experimental facility
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Eleciromagnetic Flowmeter Curpul, AU, 0V, RMS)

Fig. 7 Flow-pattern transition with gas volumetric flux j,

Normalized Flowmeter Output, DU, /j; (V(RMS)/m/sec)
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Fig. 8 Cdlibration for Two-phase Bubbly Flow
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Fig.9 (b) Photos taken by high speed CCD camera with the time and the distance from
electrode to Taylor bubble nose for the bubble of L=0.131m
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