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Abstract. The objective of this research is to develop greeérmental design for measuring void fraction usapdical

sensor in a horizontal mini-channel of 2.6 mm iné¢rdiameter with air-water two-phase flow. The megament
system consists of a light emitting diode (led)mhiigh brightness, light dependent resistor (la) data acquisition
circuit. A glass tube, which passes air-water mixtlies between led and Idr. The flow pattern atéges Idr's light
and changes resistance varying voltage, measuratayacquisition circuit. Through the analysis ges from high
speed camera is proposed a methodology for congpaing number pixels of the image with bubble averagea
produced by curve created of the optical sensarasig
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1. INTRODUCTION

In the study of two phase flows into mini-channéiss important to characterize void fraction farcomplete
understanding of the hydrodynamics of fluids assed with multiphase flow. Measurement for voidcfian in mini-
channel has difficulty to insert a sensor, whichulgloalso cause a change of flow. The solution fonitoring without
disturbing the measurement is to use non-invaswe®s.

In the technique of ultrasound, sensors are archngeially on the mini-channel surface at same scisEction.
These sensors can operate either as transmittersearivers according to the mounting chosen, st When a
transmitter is being excited, all other functionraseivers. The received images are manipulatedrbyplgorithm,
making an estimation of the spatial distributiontieé phases to be constructed. Murakaval. (2005) developed
ultrasound for measuring flow of bubbles in veltitde with internal diameter of 3 mm, using diffat sizes of ultra
sonic transducers and comparing results with thieatemodel correlations, indicating that methodn de applied in
multiphase flow consisting of several types of jpées whose sizes are considerably different.

The technique of electrical impedance is definethasrelationship between voltage and current wdigsrnating
current is applied and the frequency changing wfriahiting current of the used method can be resisti capacitive.
The resistive method considers the fact that caiasge varies with composition of phases and it 9eduwhen
dielectric between the electrodes is conductive famoh an alternating current imposed on electroded#tage values
are obtained between them, which allows to comethé void fraction to conductance. Garimella (204t2died to
identify micro-channel flow patterns with 0.78 miaumheter, based on the electrical impedance. Thediapce sensor
is calibrated against the time-averaged void feerctiletermined from flow visualization using a higfeed movie
camera. The calculated time-average void fractigmears reasonable with those predicted by homogenfémwy and
drift flux models. However, a summary conclusivefavor of a particular model cannot be done sidte model
parameters (e.g., the distribution parameter aedditift velocity for the drift-flow model) are natvailable to the
microchannel flows.

The capacitive method is based on the differented®n dielectric constants of two phases, whichna¢hat the
greater the difference is the better the abilitioisthe sensor to perceive differences. The digteconstant of liquid is
different compared to gas. The capacitance measunteismade with electrodes fixed to the mini-cledmwall. As the
areas of electrodes and distance between themoastant, the only contribution to change capac#@ascchange of
dielectric. Carniére (2008) developed a capacitieasor to observe two-phase flow in horizontal sub& 9 mm
internal diameter containing air-waterest results with demineralised water show clestirtitions between the sensor
signals for all flow regimes. Therefore capacitanoeasurement technique is successfully appliediéonineralised
water, but suffers from conductivity effects whesed with tap water. The electrical properties dfigerants are
compared with the properties of water. Because dbeductivity of refrigerants is negligible, the eafiance
measurement technique is useful, but the transdwidkhave to deal with smaller capacitance diffeses. Time-
averaged sensor signal values, combined with thian@es and a high frequency contribution factoe, studied to
quantify the differences in flow pattern compardathwisual analysis.

The image processing uses films or photographicecasmof high speed. One can obtain a sequenceageisrflow
at very short intervals or simply record a snapdlaw. An algorithm interprets each information tained in the
frame from each pixel’'s hue, calculating the sifead fraction. Ahmed (2011) used capacitance aigmvith air-oil
flow in a tube of 15.8 mm internal diameter, alomigh data obtained by image processing the flowe Thptured
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image was scanned in the MatLab program to countdmtour of bubble and the gray levels of eacklpmx a single

bubble to determine the speed, the length andaibeibble area. The average area of void fractias also obtained
calculating the area under the curve traced diviglethe total area of the captured image but troskvdoesnt show
how to calculate the area under the curve traced.

The technique with optical sensor is based on tlenpmenon of refraction that occurs with light wliepasses
from a homogeneous and transparent environmenidther one also homogeneous and transparent bertedtif from
the first. In this environment alteration changespeed and direction of light propagation occanalet al. (2007),
developed optical sensor only to observe the behafitwo-phase flow in tubes of 25.4 mm diameté&hwbjective to
identify the flow patterns and their transitionghwiubes horizontally and vertically.

The purpose of this work is to use technique wjttical sensor for measurement void fraction in reimannel 2.6
mm internal diameter with horizontal air-water tpbase flow. Develop a methodology for comparing pirels
number of the image with bubble average area pestludth the signal’s optical sensor.

2. SENSOR DESIGN AND INSTALLATION

The light source used is a light emitting diodel)levhite high bright and installed in opposite dtien to a light
dependent resistor (Idr) horizontally. The instidia of led and Idr was mounted in nylon solid ogler with 15 mm
diameter in a hole for perpendicular directionhte kength of the cylinder. An operational amplifiginstalled together
with the Idr to attenuate the noise in the sigriatamed by the sensor and to send measurementadatse block
diagram of Fig. 1. The cylinder is covered withlad ribbon so that external light does not intexfevith the Idr. A
glass tube of 6 mm external diameter and 2.6 marniat diameter, is installed at the center of temcylinder in a
hole parallel to the length Fig. 2. The air is atggl directly into the mini-channel by a needlevedbor controlling the
air flow. The water flowing through the mini-chaheaters and exits through the same tank’s pume.taik is open
to the atmosphere to be used as a separator ariciwater flow, Fig. 3.
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Figure 1: Block diagram of the optical sensor.

Figure 2: Optical Sensor.
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Figure 3: Schematic diagram of experimental apparat
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3. EXPERIMENTAL METHOD AND RESULTS

For a better understanding of the optical sens@smmements, tests were made with the air-waterunaxt a rate
of 5.2 g / s. The amount of air injected into tlystem is controlled by a needle valve. The resparfisghe optical
sensor is the voltage level. If there is only ldjfliow, the voltage level is zero volt, if thereasly gas voltage level is
0.45 volts. For a two-phase flow the response ef dptical sensor is in function of the bubble arEhe signal
amplitude refers to the diameter of the bubble tuedperiod of the signal refers to the length & bubble. The air
flow rate was adjusted so that the bubbles didahainge the flow pattern. Measurements were perfdrwith the
mini-channel containing only air, liquid, and bublglugs and small isolated bubbles to understamditinal generated
by optical sensor. The methodology used in optseaisor for measuring void fraction with the imagésained by
high-speed camera that shows a single frame wép#ssage of the bubble mini-channel, Fig. 4. Tdesément of

light intensity so that the bubble is highlighte@hin the mini-channel is an important factor sattft is well defined
the outline of the bubble.

Figure 4: Bubble image.

To count the number of pixels within the area & Hubble it is necessary to remove the shadesagfayjrd make
the picture only in two colors, white and blacklles a mask file, using developed using PhotoSkapwing that the
internal diameter is 2.6 mm, a measurement is roétlee dimensions of the internal diameter of thainthannel on
computer screen using Pixel Ruler software to nsakquare with one side mm informs that the numbeixels in 1

mn¥, show in Fig 5.

Figure 5: Mask file.

The file mask of respective bubble is used by gorihm developed in Matlab for counts black andtevipixels.
In Fig. 6, show the reference square of 1°mith 6561 pixels and the shape of bubble with 89.pixels. In this case,
the value of the bubble area is 9.02 fmm

Figure 6: Bubble area in pixels.

The signal generated by a bubble is transferrdchbdy/IEW software that generates a curve where #r@tion of
voltage as a function of the time, as shown inFidfter that, it is found the function that bespresents the behavior
of this curve using the Curve Expert program. Thisction is included in an algorithm developed iratMab to
estimate the area under of curve.
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Figure 7: Curve representing variation of the \gdt@abtained from optical sensor.

This methodology was applied to thirty tests wittaging. Each void fraction obtained in pixels panfe, called
reference value (va)), is compared with values obtained from the tracedres areas, called optical value {val
Since these values are in different scales and woibe able to relate them became a normalizattative to the
maximum value of each. Thus, it is obtained dimemisiss values between 0 and 1 which representithendionless
areas of images obtained by the optical sensorlyimp statistical methodology of the mean bias ef(f{dBE) in
measurements of the optical sensor, Eqg. (1) we hawean bias error of 28.15% in measurements ajitieal sensor
with respect to measurements in pixels capturethéymage Fig. 8.

MBE = %Z |valyer—valopt| (1)
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Figure 8: Samples of dimensionless areas.

As the curves show similar behavior, but with diggiment between them, it is necessary to equdlera tising
the value of the mean absolute error of 28.15%, emrrection coefficient (¢ in the area of optical equationdf, Eq.
2).

Aopr: Va'opt+Cc Va'opt (2

Thus the areas provided by pixel image can be cozdpaith the areas of optical, show in Fig. 9. Rejmg the
same statistical methodology, the mean bias esoofi8.96% in measurements of the optical sendative to
measurements in pixels captured by the camera.
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Figure 9: Comparison area’s image with area’s apsensor.
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4. CONCLUSIONS

The work demonstrates that the measurements wéatloptical sensor showed average values reasorabliti
fraction with the slug flow and smaller bubblesteats in air-water two-phase flow. Other adjustreeart still needed
in the project to measure the annular and bubbly.flt's necessary to observe that the adjustmetiteolight used for
shooting with high-speed camera will not interferéhe results of the optical sensor.

In the method for image processing when bubblegdothan the length of a frame cannot measurertimuat of
total pixel bubble to determine the area, but with methodology presented here it will be possibleneasure the
bubble’'s average area independent of its lengtlubblks smaller than the light beam of the led whack close
together, the optical sensors identify them asglsibubble. With the development of the algoritiemthe sum of the
areas under the curve traced it will be possiblesiimate the average void fraction and its pattienn without the
need for visualization of images.
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