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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through 
ISO technical committees. Each member body interested in a subject for which a technical committee 
has been established has the right to be represented on that committee. International organizations, 
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely 
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described 
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types 
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the 
ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed patent 
rights in respect thereof. As of the date of publication of this document, ISO had not received notice of (a) 
patent(s) which may be required to implement this document. However, implementers are cautioned that 
this may not represent the latest information, which may be obtained from the patent database available at 
www.iso.org/patents. ISO shall not be held responsible for identifying any or all such patent rights.

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions 
related to conformity assessment, as well as information about ISO's adherence to the World Trade 
Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 85, Nuclear energy, nuclear technologies, and 
radiological protection, Subcommittee SC 6, Reactor technology.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The plasma fuelling system is integral to magnetic confinement fusion devices, including DEMO and other 
fusion facilities. Supersonic molecular beam injection (SMBI) is a key candidate for fuel injection, offering 
high efficiency with reduced wall retention of gases. SMBI has demonstrated good fuelling efficiency in 
many medium and small-sized devices, with higher efficiency compared to conventional methods. Although 
its fuelling efficiency may attenuate in large-scale equipment, long-pulse discharges in superconducting 
devices have shown that the good directionality of SMBI can significantly reduce wall retention[1]. This 
reduction in wall retention is particularly significant for the utilization of tritium in future fusion facilities.

Unlike conventional gas fuelling systems that utilize gas diffusion and are susceptible to wall retention, 
leading to unpredictable plasma density changes and possible facility shutdown, SMBI, with its high beam 
velocity, effectively mitigates such risks. Comparing to fuel pellet injection, SMBI has lower fuelling efficiency, 
but provides significant system stability. Currently, tritium pellet technology is not yet sufficiently mature. 
Therefore, as technology advances, SMBI can be considered as a complementary component of an effective 
fuelling system for future fusion facilities, alongside pellet injection.

v
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International Standard ISO 19991:2026(en)

Fusion technology — Experimental magnetic confinement 
fusion facilities — Supersonic molecular beam injection 
fuelling technique for fusion devices

1	 Scope

This document specifies the methods and the requirements for the supersonic molecular beam injection 
(SMBI) fuelling technique used in experimental magnetic confinement fusion facilities. It outlines the SMBI 
system components, specific requirements, and inspection procedures to ensure the effective and controlled 
injection of plasma fuel into fusion devices such as international thermonuclear experimental reactor and 
demonstration power plant.

This document applies to the formation of supersonic molecular beam (SMB) and usage of the SMBI 
technique on the fusion devices, including the specification of gas pressure adjustment, beam characteristics 
and injection rate requirements, as well as the procedures for verifying these parameters.

2	 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes 
requirements of this document. For dated references, only the edition cited applies. For undated references, 
the latest edition of the referenced document (including any amendments) applies.

ISO 16646, Fusion installations — Criteria for the design and operation of confinement and ventilation systems 
of tritium fusion facilities and fusion fuel handling facilities

3	 Terms, definitions, symbols and abbreviations

3.1	 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

—	 ISO Online browsing platform: available at https://​www​.iso​.org/​obp

—	 IEC Electropedia: available at https://​www​.electropedia​.org/​

3.1.1
supersonic molecular beam injection
SMBI
method of fuelling by generating a supersonic molecular beam through the adiabatic expansion of gas into a 
vacuum, maintained by a sufficient pressure differential across a Laval or Laval-like nozzle

3.1.2
beam structure
structure of the beam injected by the SMBI (3.1.1) system, which features a quiet zone as well as a Mach disk 
and other characteristics

Note 1 to entry: Figure 1 shows the beam structure.

1
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