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Free surface flows are ubiquitousin our daily life and industrial fields. In response to the increasing
demands to enhance the performance of equipment associated with free surface flows, study on the
free surface flow behavior is greatly important. Since over half a century ago, various kinds of
measurement method have been used to study the behavior of liquid flow such as particle image
velocimetry (PIV). However, the PIV may not reliable to deal with the study of free surface flow as
it presents very large deformation on the liquid surface that cause difficulty to detect the flow signal.
Therefore, a proper measurement method is highly needed.

Here, a laser tagging method by photochromic dye tracer is used to measure the free surface
flow behavior. The technique is based on temporary color change of liquid containing atracer called
as photochromic dye with ultraviolet (UV) light exposure. From the movement of the dye trace
tagged by the UV laser, the liquid velocity can be obtained. The merit of this method is that it
alowsthe liquid flow being studied to be easily tagged by UV laser with our desired tagged pattern
at any position on the liquid flow. Moreover, the measurement of liquid deformation and rotational
motion (vorticity) can aso be achieved from the change of relative position of the multiple dye
traces formation. Therefore, the purpose of this research is set out as to study the behavior of free
surface flow using the laser tagging method by photochromic dye tracer.

In this study, the cal culation method was firstly arranged in order to measure the normal strain,
shear strain and rotational motion of the liquid flow from the change of relative position of the dye
traces. Normally, the error of deformation or rotational motion become large if the velocity
distribution of flow field was given in space derivative. However in this study, evaluation of the
liquid flow behavior was made without the large error by using an integration formula which was
applied in the calculation method. It was realized by converting the line integral of closed curve that
connecting the dye traces into surface integral.

Then, a preliminary experiment was conducted, i.e. a known flow field of creeping flow
around a moving cylinder in order to confirm the applicability of laser tagging method for liquid
flow measurement. As a result, the applicability was successfully confirmed from the good



agreement of present study with numerical results of creeping flow in previous literature.

Moreover, the method was applied to two kinds of free surface flow fields, i.e. liquid sheet
spray and liquid film flow on inclined wall. For the liquid sheet spray experiment, the method was
utilized to fundamentally study the atomization process of liquid jet from the liquid film until
disintegrated into ligament and droplets. Especially in this experiment, besides the measurement of
liquid film velocity, the change of relative position of 4-points of dye traces tagged in the liquid film
surface also allowed the measurement of deformation behavior and rotational motion. As a result,
the velocity of droplets after break up was found to become lower than velocity of liquid film
before break up. This can be attributed to the effects of surface tension during disintegration of
liquid into droplets. Moreover, the liquid in mainstream region was also found as majorly pulled
into perpendicular direction and almost no rotational motion occurred in the liquid flow behavior.

For the experiment of liquid film flow, the laser tagging method was utilized to clarify the
liquid film flow delivered on an inclined wall. Simultaneously, the velocity of surface wave on the
liquid film surface was a'so measured and compared to the liquid film surface velocity. Generally,
the velocity of liquid film and surface wave are not consistent. The relationship between liquid film
and surface wave velocity affected by wall inclination angle and liquid flow rates was clarified
experimentally in this study. As a result, the velocity of surface wave was found as larger than
liquid film velocity. The velocity of liquid film became larger when wave peak passed on the liquid
film. From the change of dye trace diameter, the inner flow structure of liquid film upon redundant
with surface wave was observed. Here, the free surface flow tended to be attracted when
approached by surface wave. Thereafter, the liquid film was then found to shrink its surface after
the wave peak passed by due to accumulation into the inner liquid.

As a conclusion, by directly tagging the liquid at its free surface, the behavior of flow being
tagged can be analyzed in detail. Especially from the formation of multiple dye traces on the liquid
surface, the measurement of deformation in normal strain, shear strain, and rotational motion
behavior was successfully achieved. Therefore, the measurement of free surface flow was finaly
realized by using the laser tagging method by photochromic dye tracer.
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