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Three-dimensional liquid films (rivulets) flowing down
inclined tubes are the common features of hydrodynamic
regimes in the numerous technological processes (heat
exchangers, absorbers, distillation columns, etc.). The waves
appearing on the rivulet surface strongly affect heat- and mass
transfer intensity through a number of mechanisms. The most
pronounced effect takes place when large-amplitude solitary
waves develop on the film surface.
The present work is devoted to the study of flow structure
in wavy rivulet using PIV. The emphasis is made on the
analysis of liquid velocity fields inside the humps of
developed stationary waves of solitary type.
Experiments were performed on hydrodymanic setup for
analyzing rivulet flow formed by jet irrigation of inclined
tube. The scheme of experiment is shown in Fig. 1. The
working section represented inclined stainless steel tube with
artificial roughness to provide good wetting. The diameter of
the tube was equal to 20 mm, length – 1 m and angle of
inclination α could be changed from 5° to 10°. 50%
water-glycerine solution was used as working liquid. Film
Reynolds number was changed in the range 7.9 ÷ 20.3.
Fluorescent tracers with the mean diameter equal to 10 µm
and density close to the density of working fluid were used
for PIV measurements.
Because of interface presence, the strong distortion takes
place caused by the curvature of interface surface. In order to
make corrections the additional optical measurements have
been performed. Thin (50 µm) specially marked threads were
mounted in the measurement plane perpendicular to the
cylinder axis. The comparison of the images of marked
threads, obtained with the presence of liquid film and without
it made it possible to construct the correction factors matrices.
These matrices were used for the correction of the positions
and absolute values of velocity vectors after calculation of
raw velocity fields.
Vortex liquid motion is observed inside wave hump in
reference system moving with phase velocity of wave. The
example of corrected velocity field for one of regimes is

shown in Fig. 2.
The analysis of modification of vortex motion character at
different flow conditions, such as tube inclination angle, film
Reynolds number, excitation frequency, is fulfilled.
It was shown that for all tested regimes conditionally
averaged longitudinal velocity profiles are more filled near
the zone of the highest thickness in comparison to parabolic
profile. Moreover, for large-amplitude waves velocity
distributions in other parts of the wave are also essentially
different from parabolic type. At the same time velocity
profiles in residual layer are found to be in good agreement
with Nusselt theory. For the first time the profiles of
transverse velocity were measured using statistical data
obtained by condition sampling. It was shown that with
growth of wave amplitude the absolute coordinates of vortex
centre location change weakly for chosen inclination angle.
With the increasing of inclination angle and corresponding
grows of longitudinal velocity, vortex motion becomes less
intensive and vortex centre shifts toward the interface. In Fig.
3 the examples of measured velocity profiles are presented in
the reference system moving with phase wave velocity C.

Fig. 2. Corrected velocity field and isolines inside solitary wave.
α = 5°, Re = 9.9, C = 18.4 cm/s, F = 4.1 Hz.
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Fig. 3. Conditionally averaged velocity fields for longitudinal (a)
and transversal (b) velocity components. α = 5°, Re = 9.9,
C = 18.4 cm/s, F = 4.1 Hz.

Fig. 1. Scheme of experiment.
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