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Fig. 1. A diagram of the schlieren system.
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Table 1.  Parameters of main components.
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Fig. 2. (a) Light source and slit system; (b) slit mechanism;

(c) diagram of different types of slits.
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Fig. 3. (a) Image of the cutter; (b) image of the high-speed

camera.
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Fig. 4. SMBI testing platform: (al) cross-section of the integrated conical nozzle; (a2) cross-section of the nozzle with a pinhole.
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Fig. 5. Schlieren images for the cutter point located (a) in
front of the focus, (b) at the focus and (c) behind the focus.
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Fig. 6. (a) The measured schlieren image of SMBI beam (M
is Mach number); (b) a theoretical diagram of supersonic
beam.
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Fig. 7. Schlieren images of (a) Dy and (b) CO, gas with a pinhole nozzle under the atmospheric condition.
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Fig. 8. Schlieren images of (a) Dy and (b) CO, gas with integrated conical nozzle under the atmospheric condition.
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Fig. 9. Schlieren images of CO, gas with nozzles of different pinholes under the atmospheric condition: (a) 0.5 mm; (b) 0.25 mm.
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diameter of 0.25 mm; (b) integrated conical nozzle with a diameter of 0.25 mm.
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Abstract

Supersonic molecular beam injection (SMBI) is an effective fueling method for the magnetic fusion plasmas.
The fueling method was first proposed in the HL-1 tokamak, and now has been applied to several tokamaks and
stellarators. Pulsed molecular beam passes from a Laval type nozzle and has a high instantaneous intensity,
high directionality and deep deposition in the plasma. The fueling efficiency is higher than the gas puffing
efficiency. In addition, it is widely used for controlling plasma density and investigating plasma physics. To
further improve the fueling capability in future fusion devices, it is highly desirable to optimize the
characteristic of the SMB and further investigate the interactions between the molecular beam and the plasma.
In this paper, a schlieren diagnostic system is developed to measure the parameters of molecular beam, and the
testing application is performed. The schlieren system, which is based on the schlieren photography, is designed
with the zigzag optical path and equipped on the SMBI testing platform to measure the characteristics of the
supersonic molecular beam. In order to verify the effectiveness of the system, a series of tests is carried out with
different nozzle shapes under atmospheric and vacuum conditions. The beam profiles of CO, and D, under
different background pressures are obtained. The testing results indicate that the directionality of the integrated
Laval nozzle is much better than that of the pinhole nozzle. The schlieren system provides a testing tool for

optimizing the supersonic molecular beam.

Keywords: supersonic molecular beam injection, schlieren system, nozzle, beam profile measurement

PACS: 52.55.Fa, 28.52.Cx, 47.40.Ki, 47.60.Kz DOI: 10.7498 /aps.69.20201383

* Project supported by the National Key R&D Program of China (Grant No. 2017YFE0301106), the Excellent Young
Scientists Fund of the National Natural Science Foundation of China (Grant No. 11922503), and the Scientific Research
Program for Young Talents of China National Nuclear Corporation.

1 Corresponding author. E-mail: zhongwl@swip.ac.cn

215202-8


http://doi.org/10.7498/aps.69.20201383
http://doi.org/10.7498/aps.69.20201383
mailto:zhongwl@swip.ac.cn
mailto:zhongwl@swip.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

