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1 Introduction

The various type of Plasma Material Interactions are one of the main cause of dust creation
inside tokamaks [1-4]. A small facility, Small Tank for Aerosol Removal and DUST
(STARDUST), [1-12, 19] was set up to perform experiments concerning the dust mobilization
in a volume with the initial condition similar to those existing in ITER VV.

The dust velocity and direction values under LOVA experimental simulation have been
analyzed by the mean of two optical techniques:

1. Particle Image Velocimetry, used for dust type: Stainless Steel (SS316) [6];

2. Shadowgraph used for tungsten (W). [6]

In the present paper the two experimental set-up and the preliminary results will be discussed.

2 Method and materials
2.1 PIV experimental set-up

Particle image velocimetry (PIV) is an optical method generally used for flow visualization.
It is used to obtain instantaneous velocity measurements and related properties of dust (or more
in general particles) in fluids. With this aim the fluid is seeded with tracer particles (dust, in our
case) which, for sufficiently small dimensions, are assumed to faithfully follow the flow
dynamics The motion of the seeding particles is used to calculate speed and direction (the
velocity field) of the flow being studied.

2.2 SHADOWGRAPH experimental set-up

SHADOWGRAPH is a technique generally used for flow visualization too. It employs an
expanded collimated beam of light that illuminates a fluid. If the region crossed by the light
beam shows a disturbance, the refractive index could change and the individual light rays are
refracted and bent out of their original path. This causes a spatial modulation of the light-
intensity distribution with respect to the original intensity on the screen. The resulting pattern
is a shadow of the refractive index field prevailing in the region of the disturbance. As in the
PIV techniqgue, SHADOWGRAPH has not been employed in order visualize the fluid itself but
rather the particles (tungsten dusts) mobilized by the flow fluid.
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3 Experimental results

The PIV and SHADOWGRAPH experimental set-up used for the experimental campaign
are illustrated, respectively, in [18] and [20]. The Figure 1 and 2 showed the resolution of
images (in a pre-processing phase) obtained, respectively, with PIV and Shadowgraph.

Fig.1 Image of SS316 with PIV Fig.2 Image of W with SHADOWGRAPH

The computer vision approach proposed for SHADOWGRAPH consists of two main steps:
particle detection (PartDet) and tracking (PartTrack). The use of the shadowgraph technique
guarantees high contrast images allowing for particles detection moving inside STARDUST
without a pre-processing phase. The obtained high contrast images are used to build a stable
background model of the scene before the experiments have started, this model is then use to
accurately identify, in each frame, the particles present in the tank. In particular, the background
model is based on the Mixture of Gaussian (MoG) background model presented in [13]. In the
work presented in [14], dust particle detection is performed with a similar approach. In
particular, a per-pixel background model is obtained by estimating a temporal median of the
pixel values; however, they generate a large number of erroneous detections due to camera
noise that, in our case, is still present also in the high contrast images. The resulting foreground
binary image is presented in figure 3 (that represent a different temporal frame than figure 2).
As it can be noticed, the proposed approach guarantees a good detection accuracy of the moving
particles in the tank. The obtained foreground connected regions are filtered by considering
their area in order to identify the small moving particles.

Fig.3 Detected dust particle

For each iteration, the predicted positions and the detected particles position are then
associated by considering their closeness in the image plane. The Hungarian algorithm [15] is
employed in order to solve the assignment problem, allowing to track the same particles along
the frames. The proposed approach for images elaboration obtained with PIV consists of three
main steps: Pre-processing (imgProc block) to improve the image quality and ease particle
detection and tracking (PartDet and PartTrack blocks). During the pre-processing step
histogram equalization [16, 17] is applied to increase the images’ contrast. This step is
fundamental because the resolution of images obtained with PIV is lower than the one obtained
with SHADOWGRAPH (see Figure 1 and Figure 3 and [18,20]) The rest of the approach is
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quite similar to those adopted for SHADOWGRAPH.

For both the experimental-set up described above, the sequence analyzed consist 0f 4000 fps
simulating a LOVA at 300 Pa/s (27 I/min of flow rate).

The temporal range analyzed is from:

e 00,0744 to 0,11 seconds after the beginning of air inlet for PIV with SS316 (see table

1 for the values collected inside STARDUST in this temporal range);

Time (s) Twall mean(K) | Tenv (K) Pin (Pa) FR (lit/min)
0,0744 280,13 280,46 170,92 3,18
0,11 282,13 280,46 191,83 4,68

Table 1 Experimental data collected inside STARDUST *

0,0754 to 0,1604 seconds after the beginning of air inlet for SHADOWGRAPH with
W (see table 2 for the values collected inside STARDUST in this temporal range);

Time (s) Tuatimean (K) | Tenv (K) P. (Pa) FR (lit/min)
0,0754 278,19 280,24 172,35 3,16
0,1604 285,17 281,33 200,82 4,74

Table 2 Experimental data collected inside STARDUST *

* Tables - Legend:

I*" Column : Time (in second) after the beginning of air flow inlet

2" Column : Mean value of wall temperature (in Kelvin) measured by thermocouples

3" Column : Mean value of STARDUST internal environment temperature (in Kelvin) measured by thermocouples
4™ Column : Internal pressure inside STARDUST (in Pascal)

5™ Column : Flow rate of pressurized air flowed inside STARDUST (Liter/minute)

By data images techniques the velocity values of dust particles mobilized have been
calculated considering a time step of 0,005 seconds (25 frames). The results are shown in Figure

3 for PIV and Figure 4 for SHADOWGRAPH.
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The authors have investigated the dust mobilization inside STARDUST reproducing a
LOVA and then they have analyzed the velocity values and directions of SS316 and W. It has
been demonstrated that with the two optical techniques (PIV and SHADOWGRAPH) it is
possible investigate the dust behavior (of both the dark dusts like W and the bright dust like
SS316) during a LOVA experimental simulation. The main evidences are: a)There are both a
better resolution and contrast of images with Shadowgraph compared to those obtained with
PIV. b) A Reduction of computational time during the computer vision with the images
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obtained with the SHADOWGRAPH. c) It is necessary to increase the field of view inside
STARDUST by introducing new windows. d) It is necessary to create an inlet of the air from
the divertor region in order to reduce the direct impact of air on the dust. e) It is necessary to
compare the velocities with those recovered with lower pressurization rates.
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