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ABSTRACT: The high aperture shear interferometer is presented. Due to the use of synthesized coherence
elements, it was possible to remove the limitation on the size of the light source, which allowed to get rid of
the slit diaphragm. The pictures of visualization of plane subsonic and supersonic jets are given. This method
will be especially in demand in the visualization of fast processes, where the illumination of a phase object is
most necessary.

1 Introduction

To date, a number of publications have appeared on the possibility of allocating optical
inhomogeneities in the cross-section of a light beam probing a gas medium [1]. They talk about the
prospects of using the method of synthesized coherence, which was previously used in astronomy to
detect exoplanets [2], to visualization of gas-dynamic flows. In these publications, we are talking about
the synthesized coherence of the light source, which can be locally created in a particular section of the
light beam probing the inhomogeneity region. In this case, the interference pattern recorded by the
system will characterize the local inhomogeneity in the cross-section, rather than represent the integral
inhomogeneity throughout the beam, as it was before. It should be noted that all experiments on the
implementation of this principle were carried out in the laboratory under atmospheric air density and
single — pass scheme (light source on the one hand, the receiver-on the other). Under these conditions,
it was possible to achieve localization of phase inhomogeneity within 20 cm, which is clearly
insufficient for gas-dynamic studies on aerodynamic stands. So far, the method of synthesized
coherence has not reached the level required to highlight the inhomogeneity of the flow in the required
section (order of at least 1 cm) of the tested model. However, the elements of the method of
synthesized coherence, implemented in the illuminator of the shear interferometer, allowed to obtain an
interference pattern without a slit diaphragm, which significantly expanded the possibility of high-
speed recording of the observed process due to the increase in the luminous flux of the illuminator by
using a wide light source.

The problem of illumination of the measuring volume in shadow and interference devices used
for visualization of gas-dynamic flows is particularly acute when registering fast-flowing processes. If

ISFV18 — Zurich, Switzerland — 2018 1



S. I. Inshakov , A. F. Rozhkov, A. G. Pelmenev, A. D. Sakhno, A.S. Shirin

we limit ourselves to continuous light sources that do not require synchronization with the recording
system and therefore require minimal adaptation, laser sources provide the greatest illumination to date.
For Fig. 1 the process of shot from an air gun (4 consecutive frames), registered with the help of a

shadow device IAB-455, was presented, a laser with a power of 1 W was used as an illuminator (Fig.
2).

Figure 1
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Figure 2

This laser (LD-445-1000MG) has a low coherence, which has a positive effect on the quality of the
picture, but the need for a slit diaphragm does not allow the full use of all the available light flux.
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2. System description and results

Organization "Rosinterf" together with TSAGI has developed a basic two-pass interferometric
system based on a IAB-451 collimator and IT183 interferometer with testing light wave synthesized
coherence. Optical scheme of the system is presented on Fig. 3.Interferometer schematicis presented on
Fig. 4/ Aerodynamic stand appearance is shown on Fig. 5, 6.
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Figure 3
1. Zander-Mach typelT183 interferometer.
2. Zabelin layout light source.
3. A point monochromatic light source, a laser diode (A=650 nm).
4. Mate lens "Zenitar".
5. Turning mirror from IAB-451collimator.
6. Off-axis spherical mirror from IAB-451 collimator.
7 Optical compensator from IAB-451collimator.
8. The area of visualization.
9. The reference mirror.
10. Wide size visible spectrum light source, white LED.
11. White source pairing lens.
12. Recorder lens.
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13. TAB-451collimator focal plane.

14. Reference mirror intermediate image plane.

15. Light source intermediate image plane.

16. Reference mirror image plane, camera position.
17. Light source image plane.

Figure 4
1. Horizontal shear adjustment handle. It adjusts the horizontal shear between the interfering light
waves in the image plane.
2. Vertical shear adjustment. It adjusts the vertical shear between the interfering light waves in the
image plane.
3. Horizontal fringe adjustment handle. It adjusts horizontal fringe width and vertical fringe inclination.
4. Vertical fringe adjustment handle. It adjusts vertical fringe width and horizontal fringe inclination.
5. Optical path difference adjustment handle. It adjusts shear fringe order in both directions.

Figure 5 Figure 6
Collimator and interferometer Flat mirror
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The system used two light sources-a monochrome laser source (A = 650 nm) and a white led with a
luminous body of 6 mm in diameter (Fig. 7). The results of imaging tests flat supersonic jet flowing
into the low pressure area presented at Fig. 8 and 9.
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Figure 7

Figure 8
Flat supersonic jet into the flooded space
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Figure 9
Subsonic jet flow

3. Summary

The presented results demonstrate the possibility of gas-dynamic flows visualization in the
interferometric system without the slit diaphragm. The slit diaphragm absence increases test medium
luminosity by several orders of magnitude. This approach has great potential for visualization of fast
flows.
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