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Fig. 1. Diagnostic system on “Qiangguang-1” facility.
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Fig. 2. Structure of experimental load assembly: (a) Three-dimensional graph of the load; (b) laser shadow graph of the load in the

initial stage; (c) force analysis of the foils in the planar geometry.
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Table 1.  Parameters of the foils used in the exploding experiments.
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Fig. 3. Scanning graph of the periodical groove structure exploited on Al foil surface which was measured by confocal imaging mi-

croscope: (a) Three-dimensional scanning image; (b) surface scanning image which shows that the measured period of structure is

2003.4 pm; (c) the depth curve in which the etched depth between the red lines is 10.2 pm; (d) the enlarged image corresponding to

the region of green box in (b).
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Fig. 5. Laser shadow graphy images for different Al foils in
experiments: (a) Normal Al foil at 119 ns of No. 16187; (b) Al
foil with 2 mm etched periodical structure at 114 ns of No.
19073; (c) coated Al foil at 126 ns of No. 17228; (d) Al foil
with 2 mm etched periodical structure at 129 ns of No.
19074.
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Fig. 6. Wavelength spectra analysis of the instability structure in experiments: (a) No. 16187 for normal case; (b) No. 19073 for

2 mm periodical structure sample; (c) No. 17228 for coated sample; (d) No. 19074 for 2 mm periodical structure sample.
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Fig. 7. Reconstructure image of the result by inverse fast Fourier transform.
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Fig. 8. Experiment results of the Al foil with 1 mm etched periodical structure (No. 19067): (a) The laser shadow graphy image at

90 ns; (b) the wavelength spectra analysis.
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Fig. 9. Laser shadow graphy image sequence for the Al foils with 2 mm periodical structure: (a) Corresponding shot numbers are
No. 19073-114 ns, No. 19074-129 ns, No. 19072-138 ns, No. 19060-158 ns; (b) enlarged image of the box at 114 ns; (c) enlarged im-

age of the box at 129 ns. Flase color has been added in (b) and (c) where the corresponding relationship between color and gray-

scale value is shown in the label on the right.
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Fig. 10. Initial structure of foil surface comparing with de-
veloping plasma structure in experiments: (a) The photo-
graph of actual etched foil; (b) the side-on laser shadow
graphy image of Al foil before experiment; (c¢) correspond-
ing shadow graphy image in experiment.
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Fig. 11. Multiframe optical self-emission images of exploding etched Al foils for No. 19274. The frame number and shoot time are

C1-37 ns, C2-57 ns, C3-77 ns, C4-97 ns respectively.
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Fig. 13. Different etched structure designed in future: (a) Etched along z axial; (b)planar array using etched wires; (¢) two-dimen-

sional etched structure on foil surface.
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Explosion of thin flat foils with periodical modified structure”
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Abstract

The fast Z-pinch plasma formation, exploding dynamics, and the evolution of the instability can be
controlled experimentally by making special structures on metal surface layer to change the initial state of
material, which is valuable for studying the Z-pinch physics. Experiments on the explosion of thin flat foils
which have been etched into a periodical structure on surface are performed on the QG-1 facility (~1.4 MA
peak current, ~100 ns rise time) in order to study the effects of different surface conditions on explosion and
control the evolution of the instability in fast Z-pinch plasma. A kind of inverse load configuration is used in
experiment in which the return current post is set at the central axial-position and two modified flat foils are
strained outside symmetrically as the main load. So the corresponding J x B force directs outward from the
return current post orthogonal to the foil plane, creating an acceleration and pushing the foil plasma away from
the center in this configuration. Different surfaces of the foil are also investigated in different conditions because
of the asymmetric magnetic field distribution which is useful to study the different evolutions of instability. The
foils used in the experiment mainly are the 30-um-thick aluminum foil. The wavelength of groove perturbations
seeded on the surface is 2 mm wide and ~ 10 pm deep. The plasma explosion dynamic behaviors around
conditioned area are diagnosed by laser shadowgraphy, laser interferometry, multiframe optical self-emission
imaging and B-dot. It is found that the initially etched periodical structure on surface can control the plasma
structure in exploding process which can be concluded as follows. Developing plasma structure shows a periodic
character similar to the initial surface structure and the eigenwavelength of the Al is suppressed. In the
meantime, the surface without etched perturbations is also influenced by the etched side, showing a similar
instability structure but with a lower amplitude. The correlation between two surfaces turns stronger than the
case of normal foils. A faster expanding rate occurs in the deep region of the initial periodical groove structure
which causes a reverse structure to form. In the discontinuous area of the conditoned structure, a narrow stream
of plasma jets perpendicularly from the metal surface which causes a half-wavelength to occur in spectrum
analysis. The magneto-hydro-dynamic theory analysis shows that the change of electrothermal instabilities is

caused dominantly by the modulation of current density flowing around the periodical structure.

Keywords: exploding foils, planar configuration, periodical modified structure, electrothermal instability
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