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Development of multiphase flow meter by means of
multiple ultrasonic velocity measurements and Li-Fi
Technique
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ABSTRACT- This article reports the methodology that the liquid phase velocity and gas-liquid interface information are
obtained from Ultrasonic Velocity Profile (UVP) measurements. This kind of flow measurement is designed for the
estimation of the liquid phase flow rate of a gas-liquid two phase flow. Three ultrasonic transducers are used
simultaneously at different locations in the pipe. The gas-liquid interface can be detected with one UVP transducer.
However, the curvature of the interface in the cross sectional area of the pipe cannot be inferred. By using three ultrasonic
transducers the estimation of the gas-liquid interface curvature can be improved. We focus here on certain specific points
to achieve this accuracy. The liquid flow rates in these experiments ranged from 0.6 m%h to 7.2 m *h. The gas void
fraction ranged from 0 % (pure liquid) to 50 %. Only liquid flow rate calculations are performed, no gas phase
calculations are shown in this paper. We also propose a special configuration for transmission of the calibrated data using
Li-Fi technique.
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INTRODUCTION

Gas-liquid two phase flows are a.common occurrence in engineering applications; these types of flow can be encountered in the
food industry, oil industry, and power generation processes among others. This paper deals with the liquid flow rate measurement
of a gas-liquid two phase flow in a horizontal pipe; although the flow rate measurement in a vertical configuration is more
commonly performed the flow rate measurement of a two phase mixture in a horizontal orientation occurs in the transport of oil-
gas mixtures from the wells to the reservoirs [1,2,3]. As noted by Oddie and Pearson several devices are available to measure
multiphase flows. However, they mostly lack a mechanical understanding of the flow itself. A noninvasive, reliable method to
estimate the liquid flow rate of a gas-liquid two phase mixture accurately and acquired data’s are transmitted using Li-Fi techiques
in real time is the driving motivation of the present research work; the instantaneous liquid velocity measurements from three
ultrasonic transducers are used in the liquid flow rate calculation; no gas flow rate estimations are performed.

TECHNIQUES AVAILABLE

With regard to multiphase flow measurement, two of the most commonly used flow meter devices in industry are the Coriolis type
and the electromagnetic flow meter. The Coriolis flow meter, although an accurate device, has implicit some assumptions of the
actual flow i.e. the phases do not slip with respect to each other when oscillated and the phases are incompressible. Due to these
assumptions the Coriolis flow meter is suitable for a liquid-liquid application but not for a solid-gas or gas-liquid application.

On the other hand the electromagnetic flow meters process signals that depend on the electromagnetic conductivity of the phase of
the flow. It is non intrusive and it has no moving parts; but it may need a separate measurement of the liquid phase density to
perform the mass flow rate measurements .Approaching the gas-liquid flow metering problem by means of ultrasound offers
similar advantages. It is also a non intrusive method and it has no moving parts, therefore maintenance free. In a recent study,
Wada et al demonstrated the use of the echo intensity as a way to obtain pattern recognition of a two phase flow. Using the idea
presented by Wada et al a method is presented here to calculate the liquid flow rate of a gas-liquid two phase flow by using three
simultaneous UVP measurements.

PROPOSED METHOD
EXPERIMENTAL SETUP

A schematic diagram of the experimental setup can be seen in Figure 1. It mainly consists of the gas—liquid two phase flow loop
and three UVP-DUO systems. Water and air are used as the liquid and gas phase respectively. The water is fed into the pump by
the water reservoir. It flows through the pipe loop and returns in a horizontal path. At the beginning of the horizontal path the gas
phase is added. Before the gas is added to the liquid phase both the gas phase and the liquid phase volumetric flow rates are
measured. In this way the desired void fraction for every test is set. The test section that houses the three ultrasonic transducers is
located 2.4 m from the entrance of the gas phase. It is a cylinder of 40 mm in inner diameter and 90 mm in length made of an
ultrasonic absorbent material. The ultrasonic absorbent material of the test section is selected to avoid interference among the
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UVP transducers due to the proximity to each other. A schematic diagram of the test section can be seen in Figures 2a and 2b.
The transmitting frequency of the UVP-DUO systems is 4MHz in all the tests performed. The ultrasound wavelength, 4, is 370
um . 100 um ion exchange (Diaion) particles are added to the flow. Due to theoretical considerations the size of the flow tracers
must be larger than one quarter of the emitted ultrasonic burst

Pubse Generator Ossilloscope UVP DLO

L — Compater

- .-;“‘ UVP Data
Bt e e B (2 * 5
] e .

&V TTL Signal whoSgmal ; | 4 . 3

Fresematc
vane ¥ Text Sestion

P 2 = |
Gas phase

flow moter AMVEZ US Treesducen

Atr suprply from Ligaad phase Pune Wales reservuir
coerpreasot Do metes

Figure 1. Experimental setup
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Figure 2. US transducer arrangement in the test section a) Side view b) Front view
EXPERIMENTAL METHOD

For every UVP file captured one gas-liquid interface height time series, ht,( t), is obtained; n = 1,2,3 (one gas- liquid interface
height time series for each transducer). The gas-liquid interface height is obtained as follows: each UVP file contains velocity and
echo intensity information; from every echo intensity profile the maximum absolute echo intensity value is located and labeled as
the location where the gas-liquid interface is found. Due to the location of the transducers the gas-liquid interface height is
detected at a different time. This mismatch in the interface height series can be adjusted by finding the maximum correlation
coefficient between the series. Then the interface height can be placed as if they are in the same plane, as seen in Figure 3a. After
that, the portion of the cross sectional area of the pipe occupied by the liquid phase can be estimated. Consider a square area as
that shown in Figure 3a. This area is divided into 200 elements in both the horizontal and the vertical direction. The locations of
transducers 1, 2 and 3 and the location of the gas-liquid interface height are x;, X, and X3 and sy(X1, Y1), Sa( X2, Y2) and ss(Xs, Ya)
respectively. In the range x; < x < x3 the free surface is calculated by a cubic polynomial function (spline interpolation), [6]. In the
ranges 0 < x < x; and x3 < X < X; the gas-liquid interface is calculated by a linear extrapolation. The slope of the line in these ranges
is the slope of the curve at x = x; and x = x3 respectively.
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Figure 3. a) Gasﬁiquid interface height position b) Channel distribution
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The velocity values obtained from the three UVP transducers are located as shown on Figure 3b. Next they are distributed
radially. At the bottom of the pipe, there are no UVP velocity values (grey shaded region); the first measuring channel (Channel 0)
is located at y = 3.6 mm from the bottom of the pipe. This is because it takes several microseconds to the UVP DUOQ system to
switch from transmitting to receiving mode, so the echo from the particles closest to the transducer will be lost during the
switching time. Consequently, the first measurement is located 3.6 mm away from the bottom of the pipe. In the region 0<y<3.6
mm the following liquid velocity values apply.

180<0<250  V(r,§)=07 VUVPL (2.1
250 <6 < 290 V(0)=07 VUWP2 (22
290 <6 < 360 V(r6)=07 VUVP3 (23

The values VUVP1 , VUVP2 and VUVP3 are

The average liquid velocity values of transducers 1, 2 and 3 respectively from channel 0 to the channel where the gas-liquid
interface is located. The constant 0.7 is the value obtained in the region 0 <y < 3.6 mm from the power law equation this equation
is used in single phase turbulent flow; the assumption is that the gas phase is located in the upper part of the pipe, then the liquid
velocity, not disturbed by the gas phase, develops in the lower part of the pipe as it does in single phase turbulent flow. The
position of the velocity values, so far distributed in cylindrical coordinates, are converted to Cartesian coordinates. With both the
liquid velocity distribution and the cross sectional area of the pipe occupied by the liquid phase known, the volume swept out in
time dt can be obtained from equation 2.4.

vol =V (x, y,t)dAdt (2.4
Finally, from the instantaneous volumes the time average liquid phase flow rate is calculated from equation 2.5.
o =MV (x, y.t)dAdt (2.5
e
jdt

Experiments were conducted at eight different liquid flow rates: 0.6, 1.8, 2.8, 3.4, 4.5, 5.2, 6.2 and 7.5 m*/h. The void fraction, o,
in the flow is 0 % (liquid phase only), 10 %, 20 %, 30 %, 40 % and 50 %. The void fraction, «, is defined as:

Qq
a= (3.1
QatQq

Qq is the actual gas flow rate and Q is the actual liquid flow rate. The difference between the actual liquid flow rate, Q, and the
estimated liquid flow
rate, Q. is expressed by J

Qe *Qa
Oe = 3.2
Qa
Before every test is performed both the gas phase and the liquid phase are set to the desired values; then the flow rate is measured
pouring the mixture in a bucket for a specific amount of time. The volumetric flow rate of the liquid phase is then calculated and
recorded,; this is the actual flow rate, Q,. Next, the UVP measurements are performed.
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Figure 5. de values of the tests performed
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The upper part of the pipe is occupied by the gas phase. The gas—liquid interface height detected by each one of the three
transducers has a very similar value; due to it the gas-liquid interface is not flat as expected but instead it shows a small curvature.
Liquid velocity values are higher near the center of the pipe. The darker color lines in the lower part of the pipe and near the wall
are the values due to the power law equation.
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Figure 7. Qa=6.2; a =30% a) Raw data b) Processed data c) liquid phase velocity distribution, profile#221

Figure 7a shows the raw data of the test of Q, = 6.2 m*h and a = 30%, the highest void fraction tested for this liquid flow rate.
Figure 7b shows the UVP data processed; at this void fraction the gas-liquid interface can be seen below the middle of the pipe.
Figure 7c shows a sample flow map of liquid velocity profile # 221. The gas phase occupies more than 50% of the cross sectional
area of the pipe and it is not symmetrically distributed in the upper part of the pipe. This figure also shows higher liquid velocity
values near the center of the pipe that decrease radially. The dark (low velocity) values correspond to the near field effect where
the transducers output lower liquid velocity values than the actual liquid velocity values. If only one UVP transducer is used, the
gas-liquid interface must be assumed to be flat. By using three ultrasonic transducers a more accurate gas-liquid interface shape
and there values are obtained.these values are calibrated and viewed using monitor and transmitted using Li-Fi technique.

TRANSMISSION OF DATA USING LI-FI
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From the estimated values the data’s are transmitted through illumination by sending data through an LED light bulb that varies in
intensity faster than human eye can follow .Li-Fi refers to a visible light communication technology that use as medium to deliver
high speed communication that provides better bandwidth, efficiency, availability and security .thus we eed some LED and
controller which code data in to those LED’s in order to setup the system .By varying the rate at which the LED flickers we can
encode the desired data and transmit the data

CONCLUSION

In this study the liquid flow is assumed to be one dimensional; however, it is acknowledged that this is not true in the vicinity of
the bubbles (especially in their leading and trailing edge) where the relative velocity between the bubbles and the liquid phase
creates complex liquid motion that is far from one dimensional. The maximum echo intensity value can be used to estimate the
location of the gas-liquid interface. It can be applied to pure liquids as well as gas—liquid two phase flows where the void fraction
is as high as 50%. Nonetheless, the estimated liquid flow rate values results show good agreement with the actual liquid flow rates
and the obtained data’s are transmitted with better bandwidth, efficiency and security using li-fi technique.

REFERENCES

[1] Oddie G and Pearson J R A: Flow-rate measurement in two—phase flow, Annu. Rev. Fluid Mech. 36 (2004) 149-172.

[2] Shemer L: Hydrodynamic and statistical parameters of slug flow, Int. J. Heat and Fluid Flow. 24 (2003) 334-344.

[3] Cook M and Behnia M: Slug length prediction in near horizontal gas-liquid intermittent flow, Chem. Eng. Sci. 55 (2000)
2009-2018.

[4] Wada S, Kikura H and Aritomi M: Pattern recognition and signal processing of Ultrasonic Echo Signal on Two—phase Flow,
Flow Meas. and Inst.17 (2006)

[5] Munson B R, Young, D F and Okiishi, T H: Fundamentals of Fluid Mechanics, John Wiley & Sons (1990).

[6] Brennen C E: Fundamentals of Multiphase Flow, Cambridge University press, (2005).

[7] Ravi Prakash, Prachi Agarwal “The New Era of Transmission and Communication Technology : Li-Fi (Light Fidelity) LED
& TED Based Approach”, International Journal of Advanced Research in Computer Engineering & Technology (IJARCET)
Volume 3, Issue 2, February 2014

[8] Jitender Singh, Vikash “A New Era in Wireless Technology using Light-Fidelity” International Journal of Recent
Development in Engineering and Technology ISSN 2347-6435(0nline) Volume 2, Issue 6, June 2014

[9] R.Karthika, S.Balakrishnan “Wireless Communication using Li-Fi Technology” SSRG International Journal of Electronics
and Communication Engineering (SSRG-IJECE) volume 2 Issue 3 March 2015

IJSDR1606068 International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org 394


http://www.ijsdr.org/

