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(57) ABSTRACT

A flow field visualization device includes a chamber, a
power supply, at least one pair of electrodes, and at least two
high-speed cameras. The power supply outputs a voltage for
plasma generation, and the pair of electrodes is disposed in
the chamber. The pair of electrodes includes a first electrode
and a second electrode. The first electrode has a plurality of
first tips, the second electrode has a plurality of second tips,
and the first tips and the second tips are aligned with each
other. The pair of electrodes generates a periodically densely
distributed plasma by exciting a gas in the chamber through
the voltage from the power supply. The high-speed cameras
are disposed outside the chamber and are positioned in
different directions corresponding to the pair of electrodes in
order to capture images of different dimensions.
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FLOW FIELD VISUALIZATION DEVICE,
FLOW FIELD OBSERVATION METHOD,
AND PLASMA GENERATOR

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 107139911, filed on Nov. 9, 2018.
The entirety of the above-mentioned patent application is
hereby incorporated by reference herein and made a part of
this specification.

TECHNICAL FIELD

[0002] The disclosure relates to a flow field visualization
device, a flow field observation method, and a plasma
generator.

BACKGROUND

[0003] Since conventional visualization analysis requires
laser for illumination to allow high-speed cameras to acquire
images, it is confined by the shape of the chamber and air
extraction, which have an impact on particle turbulence.
Moreover, the pressure is required to be within the normal
pressure range, so that an image of the particles can be
effectively captured. Therefore, the flow field of the low-
pressure vacuum CVD process cannot be measured.
[0004] In addition, in the conventional visualization analy-
sis method using a laser light source, it is required to
additionally adopt a prism set composed of a concave lens
and a convex lens to refract the laser beam into a flat beam
plane, and it is required to adjust the flow field to the position
having the least thickness in the laser beam plane, so a result
of a two-dimensional space is obtained.

SUMMARY

[0005] The disclosure provides a flow field visualization
device capable of improving the image-capturing range of
flow field visualization and achieving three-dimensional
flow field observation.

[0006] The disclosure also provides a flow field observa-
tion method for performing flow field observation through a
non-uniform imaging plasma development technique.
[0007] The disclosure further provides a plasma generator
capable of generating a periodically densely distributed
plasma.

[0008] The flow field visualization device of the disclosure
includes a chamber, a power supply, at least one pair of
electrodes, and at least two high-speed cameras. The power
supply outputs a voltage for plasma generation. The pair of
electrodes is disposed in the chamber. The pair of electrodes
includes a first electrode and a second electrode. The first
electrode has a plurality of first tips, the second electrode has
a plurality of second tips, the first tips and the second tips are
aligned with each other. The pair of electrodes generates a
periodically densely distributed plasma by exciting a gas in
the chamber through the voltage from the power supply. The
high-speed cameras are disposed outside the chamber and
are positioned in different directions corresponding to the
pair of electrodes.

[0009] The flow field observation method of the disclosure
includes the following steps. A periodically densely distrib-
uted plasma is generated by using a plasma generator
disposed in a chamber, and then a gas image excited by the
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plasma is captured by using at least two high-speed cameras.
The plasma generator includes at least one pair of electrodes.
The pair of electrodes includes a first electrode and a second
electrode. The first electrode has a plurality of first tips, the
second electrode has a plurality of second tips, and the first
tips and the second tips are aligned with each other. The
high-speed cameras are respectively positioned in different
directions corresponding to the pair of electrodes.

[0010] The plasma generator of the disclosure includes at
least one pair of electrodes and a power supply. The pair of
electrodes includes a first electrode and a second electrode.
The first electrode has a plurality of first tips, the second
electrode has a plurality of second tips, and the first tips and
the second tips are aligned with each other. The power
supply outputs a voltage to the pair of electrodes.

[0011] Based on the above, by using the characteristic of
exciting the gas to emit light through the plasma, the
disclosure provides specific designs of the pair of electrodes
to cause the electric power lines to be periodically densely
distributed, and thus the technical means of non-uniform
imaging plasma development can achieve the effect of
image-capturing of a three-dimensional flow field, and the
disclosure may be applied to flow field simulation verifica-
tion analysis in a low-pressure chamber.

[0012] To make the aforementioned more comprehensible,
several embodiments accompanied with drawings are
described in detail as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings are included to pro-
vide a further understanding of the disclosure, and are
incorporated in and constitute a part of this specification.
The drawings illustrate exemplary embodiments of the dis-
closure and, together with the description, serve to explain
the principles of the disclosure.

[0014] FIG. 1 is a block diagram of a flow field visual-
ization device according to a first embodiment of the dis-
closure.

[0015] FIG. 2 is a schematic diagram of another pair of
electrodes in the flow field visualization device of the first
embodiment.

[0016] FIG. 3 is a schematic perspective diagram of a first
electrode in the pair of electrodes in the flow field visual-
ization device of the first embodiment.

[0017] FIG. 4 is a schematic perspective diagram of
another first electrode in the pair of electrodes in the flow
field visualization device of the first embodiment.

[0018] FIG. 5 is a schematic perspective diagram of still
another first electrode in the pair of electrodes in the flow
field visualization device of the first embodiment.

[0019] FIG. 6 is a diagram of flow field observation steps
according to a second embodiment of the disclosure.
[0020] FIG. 7 is a schematic diagram of a plasma genera-
tor according to a third embodiment of the disclosure.

DESCRIPTION OF THE EMBODIMENTS

[0021] The exemplary embodiments of the disclosure will
be more comprehensively described below with reference to
the drawings, but the disclosure may be further implemented
in many different forms and should not be construed as
limited to the embodiments described herein. For clarity of
illustration, the relative thickness and position of regions or
structures may be reduced or enlarged. In addition, similar
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or identical reference numerals are used in the drawings to
represent similar or identical components.

[0022] FIG. 1 is a block diagram of a flow field visual-
ization device according to a first embodiment of the dis-
closure.

[0023] Referring to FIG. 1, the flow field visualization
device of the first embodiment basically includes a chamber
100, a power supply 102, a pair of electrodes 104, and two
high-speed cameras 106 and 108. The power supply 102 is
used to output a voltage for plasma generation, and the
power supply 102 is generally disposed outside the chamber
100 and electrically connected to the pair of electrodes 104
disposed in the chamber 100. The pair of electrodes 104
includes a first electrode 110 and a second electrode 112. The
first electrode 110 has a plurality of first tips 1104, the
second electrode 112 has a plurality of second tips 1124, and
the first tips 110a and the second tips 112a are aligned with
each other. Specifically, the shapes of the first electrode 110
and the second electrode 112, particularly the positions of
the first tips 110a and the second tips 1124, are substantially
mirror symmetric. Thus, the pair of electrodes 104 can
generate a periodically densely distributed plasma 114 by
exciting a gas (not shown) in the chamber 100 through the
voltage from the power supply 102, and the gas is, for
example, an inert gas. The high-speed cameras 106 and 108
are disposed outside the chamber 100, and the high-speed
cameras 106 and 108 are positioned in different directions
corresponding to the pair of electrodes 104.

[0024] Referring to FIG. 1 again, the flow field visualiza-
tion device of the present embodiment may further include
a vacuum device 116 for maintaining a vacuum state in the
chamber 100. Therefore, the device of the disclosure can be
applied to image capturing of a three-dimensional flow field
in a chamber of low-pressure vacuum to address the issue
that, in the related art, flow field simulation verification
analysis using laser and particles cannot be performed at a
low pressure. In addition, to control the exposure times of
the high-speed cameras 106 and 108, a synchronizer 118
may be additionally disposed to sync the exposure times of
the high-speed cameras 106 and 108 to facilitate image
capturing of the three-dimensional flow field. If image
analysis is to be performed, a computer host and monitor
120 may be further disposed to receive the images obtained
by the high-speed cameras 106 and 108, control the fre-
quency of the synchronizer 118, and analyze the captured
images.

[0025] In FIG. 1, the first electrode 110 and the second
electrode 112 are saw-shaped electrodes, and the so-called
saw-shaped electrode is a structure that is tapered toward the
first tips 110a and the second tips 112a. However, the
disclosure is not limited thereto. The first electrode and the
second electrode may also be pin-shaped electrodes, as
shown in FIG. 2.

[0026] Referring to FIG. 2, for clarity, the figure only
shows a pair of electrodes 200, which includes a first
electrode 202 and a second electrode 204. The first electrode
202 has a plurality of first tips 2024, the second electrode
204 has a plurality of second tips 204a, and the first tips
202a and the second tips 204a are aligned with each other.
In an embodiment, a diameter d1 of the first tip 202a and a
diameter d2 of the second tip 204a are both about 2 mm to
3 mm, and a distance d3 between the first tip 202a and the
second tip 204¢ is about 2 mm to 3 mm. However, the
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disclosure is not limited thereto. The diameters d1/d2 and
the distance d3 may all be changed according to the require-
ments.

[0027] Further variation examples of the electrode will be
described below, as shown in FIG. 3 to FIG. 5. In the figures,
only one side of the pair of electrodes (e.g., the first
electrode) is shown, and the other side of the pair of
electrodes (e.g., the second electrode) is omitted since it is
mirror symmetric.

[0028] In FIG. 3, if the number of the pair of electrodes in
the flow field visualization device is plural (e.g., three),
different first electrodes 300, 302, and 304 in the pairs of
electrodes may have first tips 300a, 302q, and 304q aligned
with each other and may be saw-shaped electrodes. For
example, the first tips 3004, 3024, and 304a may be aligned
along the Z-axis direction, which is a direction perpendicu-
lar to the long axis (X-axis) and the short axis (Y-axis) of the
electrode. Moreover, the first electrodes 300, 302, and 304
may be spaced apart from each other by a distance d4, and
the distance d4 is, for example, 2 mm to 3 mm. However, the
disclosure is not limited thereto, and the distance d4 may be
changed according to the requirements. Alternatively, the
first electrodes 300, 302, and 304 may be in contact with
each other without an interval. If there is an interval between
the first electrodes 300, 302, and 304, the voltage of the
power supply is supplied to each of the first electrodes 300,
302, and 304 respectively via lines. Since the second elec-
trodes (not shown) are mirror symmetric with the first
electrodes 300, 302, and 304, the number and shape of the
second electrodes and the position of the second tips are all
the same as those of the first electrodes 300, 302, and 304
and will not be repeatedly described herein.

[0029] In FIG. 4, the number of the pair of electrodes in
the flow field visualization device is plural (e.g., four), and
different first electrodes 400, 402, 404, and 406 in the pairs
of electrodes may have first tips 400a, 4024, 404a, and 4064
alternately arranged with each other and may be saw-shaped
electrodes. The first electrodes 400, 402, 404, and 406 are in
contact with each other, but the disclosure is not limited
thereto. Alternatively, the first electrodes 400, 402, 404, and
406 may also be spaced apart from each other by a distance
as shown in FIG. 3. Since the second electrodes (not shown)
are mirror symmetric with the first electrodes 400, 402, 404,
and 406, the number and shape of the second electrodes and
the position of the second tips are all the same as those of the
first electrodes 400, 402, 404, and 406 and will not be
repeatedly described herein. The arrangement in FIG. 4 can
generate a stronger plasma, of which the electric power lines
are obviously periodically densely distributed and can thus
present a subtler three-dimensional flow field image.

[0030] In FIG. 5, the number of the pair of electrodes in
the flow field visualization device is plural (e.g., four), and
different first electrodes 500, 502, 504, and 506 in the pairs
of electrodes have first tips 500a, 502a, 504q, and 5064
aligned with each other and are pin-shaped electrodes. The
first electrodes 500, 502, 504, and 506 are in contact with
each other, but the disclosure is not limited thereto. Alter-
natively, the first electrodes 500, 502, 504, and 506 may also
be spaced apart from each other by a distance as shown in
FIG. 3. Since the second electrodes (not shown) are mirror
symmetric with the first electrodes 500, 502, 504, and 506,
the number and shape of the second electrodes and the
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position of the second tips are all the same as those of the
first electrodes 500, 502, 504, and 506 and will not be
repeatedly described herein.

[0031] According to the first embodiment, after a high
voltage power is supplied to the pair of electrodes in the
various forms above, a plasma with periodically densely
distributed electric power lines is generated, and the gas is
excited by the plasma to emit light, which can thereby
improve the image-capturing range of flow field visualiza-
tion. Moreover, the issue that observation cannot be per-
formed if the angle is not correct is not present in the plasma
development of non-uniform imaging. Therefore, the
arrangement in the embodiment is favorable for image
acquisition. With the frequency of the high-speed cameras
being further adjusted to perform global velocity field acqui-
sition, the image capturing of the three-dimensional flow
field can then be completed and the three-dimensional flow
field can be analyzed.

[0032] FIG. 6 is a diagram of flow field observation steps
according to a second embodiment of the disclosure.
[0033] Referring to FIG. 6, in step 5600, a periodically
densely distributed plasma is generated by using a plasma
generator disposed in the chamber, and the plasma generator
includes the pair of electrodes as described in the first
embodiment. The pair of electrodes includes a first electrode
and a second electrode, the first electrode and the second
electrode both have a plurality of tips, and the tips of the
different electrodes are aligned with each other. Therefore,
the periodically densely distributed plasma can be gener-
ated. Reference may be made to FIG. 1 to FIG. 5 for the
detailed design of the pair of electrodes, which will not be
repeatedly described herein.

[0034] Then, in step S610, a gas image excited by the
plasma is captured by using at least two high-speed cameras.
The high-speed cameras are respectively positioned in dif-
ferent directions corresponding to the pair of electrodes and
thus can capture gas images in different directions. When the
exposure times of the high-speed cameras are controlled to
be the same, a displacement amount can be calculated
through a particle tracking program based on the captured
gas images, and an average displacement amount of different
regions can be calculated by using the statistical method of
correlation function to obtain a flow field velocity mapping
in the chamber. Specifically, the gas may be excited by the
plasma to emit light, and the frequency of the high-speed
cameras may be adjusted to perform global velocity field
acquisition. Next, the computer host is used to set a global
area or volume, which is then divided into a plurality of
equal areas (to avoid pairing errors resulting from an overly
high velocity of gas particles) to track the movement of the
gas particles in space and record it as the flow field velocity
mapping. Therefore, in the spatial analysis process, the issue
of regional overlapping, which may occur in conventional
two-dimensional image processing, does not occur, and the
study on exact solution of cross-correlation and perturbation
approximation can be improved.

[0035] In addition, before step S600 is performed, a gas
may be introduced into the chamber (step S620), and the
introduced gas is, for example, an inert gas. Further, if the
flow field to be tested is applied to a low-pressure vacuum
state, the chamber is vacuumed (step S630) before step S600
is performed.

[0036] FIG. 7 is a schematic diagram of a plasma genera-
tor according to a third embodiment of the disclosure.
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[0037] Referring to FIG. 7, a plasma generator 700 of the
third embodiment includes at least one pair of electrodes 702
and a power supply 704, and the power supply 704 is used
to output a voltage to the pair of electrodes 702. The pair of
electrodes 702 includes a first electrode 706 and a second
electrode 708, and the pair of electrodes 702 is the same as
the pair of electrodes 104 or 200 of the first embodiment.
Reference may be made to the electrode design of FIG. 3 to
FIG. 5, which will not be repeatedly described herein. In the
third embodiment, since first tips 706a of the first electrode
706 are aligned with second tips 708a of the second elec-
trode 708, the voltage from the power supply 704 causes the
pair of electrodes 702 to excite the gas (not shown) to
generate a periodically densely distributed plasma. 710. The
periodically densely distributed plasma 710 may be applied
to related fields of non-uniform imaging plasma develop-
ment.

[0038] In summary of the above, the flow field visualiza-
tion device of the disclosure uses electrodes of specific
structural designs and thus can generate a periodically
densely distributed plasma. Moreover, the phenomenon that
the plasma excites the gas to emit light (i.e., plasma devel-
opment) is used to replace the conventional laser illumina-
tion, so the image can be directly acquired without consid-
ering the angle to achieve the effect of image capturing of
the three-dimensional flow field. In addition, the embodi-
ment may be applied to flow field simulation verification
analysis in a low-pressure chamber, e.g., multiple reaction
gas flow, air pressure, chemical behavior monitoring, etc.
The plasma generator of the disclosure can generate a
periodically densely distributed plasma, so it may be further
applied to other fields, e.g., various chamber flow field
changes, microchannel design, biomedicine, aerodynamics,
meteorology, and other related applications.

[0039] It will be apparent to those skilled in the art that
various modifications and variations can be made to the
disclosed embodiments without departing from the scope or
spirit of the disclosure. In view of the foregoing, it is
intended that the disclosure covers modifications and varia-
tions provided that they fall within the scope of the follow-
ing claims and their equivalents.

What is claimed is:

1. A flow field visualization device comprising:

a chamber;

a power supply, outputting a voltage for plasma genera-

tion;

at least one pair of electrodes disposed in the chamber,

wherein the pair of electrodes comprises a first elec-
trode and a second electrode, the first electrode has a
plurality of first tips, the second electrode has a plu-
rality of second tips, the first tips and the second tips are
aligned with each other, and the at least one pair of
electrodes generates a periodically densely distributed
plasma by exciting a gas in the chamber through the
voltage from the power supply; and

at least two high-speed cameras disposed outside the

chamber and positioned in different directions corre-
sponding to the pair of electrodes.

2. The flow field visualization device according to claim
1, wherein the first electrode and the second electrode are
saw-shaped electrodes or pin-shaped electrodes.

3. The flow field visualization device according to claim
1, wherein a number of the pair of electrodes is plural.
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4. The flow field visualization device according to claim
3, wherein in the pairs of electrodes, the first tips of the
different first electrodes are aligned with each other, and the
second tips of the different second electrodes are aligned
with each other.
5. The flow field visualization device according to claim
3, wherein in the pairs of electrodes, the first tips of the
different first electrodes are alternately arranged with each
other, and the second tips of the different second electrodes
are alternately arranged with each other.
6. The flow field visualization device according to claim
3, wherein in the pairs of electrodes, the first electrodes are
in contact with each other, and the second electrodes are in
contact with each other.
7. The flow field visualization device according to claim
3, wherein in the pairs of electrodes, the first electrodes are
spaced apart from each other by a distance, and the second
electrodes are spaced apart from each other by the distance.
8. The flow field visualization device according to claim
1, wherein the gas comprises an inert gas.
9. A flow field observation method, comprising:
generating a periodically densely distributed plasma by
using a plasma generator disposed in a chamber,
wherein the plasma generator comprises at least one
pair of electrodes, the pair of electrodes comprises a
first electrode and a second electrode, the first electrode
has a plurality of first tips, the second electrode has a
plurality of second tips, and the first tips and the second
tips are aligned with each other; and
capturing a gas image excited by the plasma by using at
least two high-speed cameras respectively positioned in
different directions corresponding to the pair of elec-
trodes.
10. The flow field observation method according to claim
9, further comprising introducing the gas into the chamber,
wherein the gas comprises an inert gas.
11. The flow field observation method according to claim
9, further comprising vacuuming the chamber before gen-
erating the plasma.
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12. The flow field observation method according to claim
9, wherein exposure times of the high-speed cameras are the
same.

13. The flow field observation method according to claim
9, wherein a displacement amount is calculated through a
particle tracking program based on the captured gas image,
and an average displacement amount of different regions is
calculated by using a statistical method of correlation func-
tion to obtain a flow field velocity mapping in the chamber.

14. A plasma generator comprising:

at least one pair of electrodes comprising a first electrode

and a second electrode, wherein the first electrode has
a plurality of first tips, the second electrode has a
plurality of second tips, and the first tips and the second
tips are aligned with each other; and

a power supply, outputting a voltage to the at least one

pair of electrodes.

15. The plasma generator according to claim 14, wherein
the first electrode and the second electrode are saw-shaped
electrodes or pin-shaped electrodes.

16. The plasma generator according to claim 14, wherein
a number of the pair of electrodes is plural.

17. The plasma generator according to claim 16, wherein
in the pairs of electrodes, the first tips of the different first
electrodes are aligned with each other, and the second tips of
the different second electrodes are aligned with each other.

18. The plasma generator according to claim 16, wherein
in the pairs of electrodes, the first tips of the different first
electrodes are alternately arranged with each other, and the
second tips of the different second electrodes are alternately
arranged with each other.

19. The plasma generator according to claim 16, wherein
in the pairs of electrodes, the first electrodes are in contact
with each other, and the second electrodes are in contact
with each other.

20. The plasma generator according to claim 16, wherein
in the pairs of electrodes, the first electrodes are spaced apart
from each other by a distance, and the second electrodes are
spaced apart from each other by the distance.
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