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Abstract
A huge experiment involving liquid sodium in a rotating cylinder to
examine various geo- and astrophysical questions and to solve
technological problems regarding the use of liquid metal in energy
technology should be protected against hazards from ignited liquid
sodium. Therefore an individually adapted extinguishing system was
designed for DRESDYN (DREsden Sodium facility for DYNamo and
thermo hydraulic studies) at Helmholtz Centre Dresden (HZDR).
The specifics of this hazard led to the realization of the first commercial
Low Pressure Argon extinguishing system utilizing cryogenic liquid
Argon storage. Due to the singularity of the system, the HZDR decided
to run a discharge test in the extinguishing area 1 (containment) at
almost realistic operation conditions. The objectives of the discharge
test were to verify that the room temperature and pressure in the
extinguishing area stay within acceptable limits which not have any
negative impact on the building construction nor on the equipment.
That test should also verify the maximum value of 5 Vol% residual
oxygen concentration that is required for extinguishing.
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Introduction
Non-residue, clean and safe extinguishing of sensitive facilities or
hazardous materials is the unique strength of inert gas fire extinguishing
systems. Various extinguishing agents and system technologies enable
individual solutions for almost any application. For fire extinguishing
applications requiring a large quantity of gaseous agent, low pressure
carbon dioxide tanks are well known in the fire protection industry.
However, due to the extinguishing challenges of an extremely high
temperature Sodium fire, polyatomic inert gases as CO2 (Carbon

Dioxide) or N2 (Nitrogen) are not applicable because of reactions or
ineffectiveness.
Low pressure Argon technology enables the liquid
compact storage of large Argon quantity. This compact storage in
combination with Argon being a monoatomic inert gas it appears that
Low Pressure Argon is the unique solution for the present hazard.
Hazard Area
The objective of the DRESDYN project is the creation of a European
platform for dynamo experiments and thermo hydraulic studies based
on liquid sodium – the world’s first precession dynamo. With this facility
it will be possible to simulate more realistically, for example, the
evolution of the Earth’s magnetic field, the magnetosphere, than it has
been possible with today’s propeller-driven dynamo experiments like
the one in Riga. These methods will also yield detailed insights into
metal melts to develop new liquid-metal batteries for storing energy and
to research the safety of the next generation of liquid-metal-cooled
nuclear reactors.
Basically, it consists of a liquid sodium filled container of 6.56 ft (2 m)
diameter, with a central cylinder of 2 m height and two conical end
pieces, rotating around its central axis with up to 600 rpm, and around
an inclined axis with up to 60 rpm. In addition to this containment the
sodium depot belongs to the protection area.

Fig. 1. Containment of the precession dynamo, extinguishing area 1.

Fig. 2. Central experimental hall with the containment for the
precession dynamo.
Sodium fires (Class D combustible metal hazard) achieve exceptionally
high temperatures. A temperature of more than 3600 °F (2000 °C) is to
be expected. A particular property of sodium is its chemical reactivity,
which requires special precautions to prevent and suppress fires. When
in contact with water, sodium explodes, and it ignites when in contact
with air.
Requirements for the extinguishing system
To protect the experimental setup and the sodium depot, an
extinguishing system with special requirements was considered.
The containment and the sodium depot should be protected with a
single Argon storage tank using a two zone system with 2 selector
valves.
The extinguishing agent must be suitable for the purpose of
successfully extinguishing Class D sodium fires.
The residual oxygen in the containment after the flooding must be
less than 5 Vol%.
For cooling–off without re-ignition after extinguishing less than
5 Vol% oxygen concentration over 48 hours is required.
Resulting scope:
Extinguishing container, capacity
16.5 ton (US) liquid Argon

Cylinder storage of 215
cylinders Argon with 155 lb
each, 4350 psi

All proposed solutions that were worked out to use the available space
in the storage room for a cylinder system resulted in the conclusion that
the space is too small. As a result the design of the first commercial
Low Pressure liquid argon fire extinguishing (LAR) system started.

Fig. 3. Example layout of a LAR System.
Main components
To eliminate any agent loss the cryogenic liquid Argon is stored in the
storage container without evaporation cooling. The storage container
operates at 290 psi and minus 289 °F. Due to heat absorption over the
time liquid Argon vaporizes in the vessel. A Stirling Cryocooler
re-condenses the Argon vapor in a closed circuit. Re-condensing is
regulated by the container pressure.

Fig. 4. Vacuum isolated low pressure tank.

Fig. 5. Low pressure Argon storage.
Setup for discharge test
A discharge test of the extinguishing area 1 (containment) was carried
out on January 27th, 2016.
Objective
The aim was to verify the temperature and pressure profile in the
extinguishing area, and the quantity of agent discharged as well as the

residual oxygen concentration required for extinguishing. To determine
the temperature gradient in liquid media, a container with a mixture of
200 liters of water and glycol was placed on the ground floor of the
extinguishing area.

Fig. 6. Argon-condenser (30 l per
hour at 360 psi).

Fig. 7. Cryogenic temperature
suitable pipe system in
stainless steel.

Measured data
Value

Location

Temperature

Open space in the containment
At pressure relief vents
At dampers
In the water glycol mixture
At the surface of the water glycol
container
At the door

Pressure

Near a wall in the containment
Near floor in the containment
1 m distance from ceiling
Near floor in the containment

Oxygen Concentration
Humidity
Procedure

To start the test, the Argon low-pressure fire extinguishing system was
activated manually from the control room. At the end of the pre-warning
time, the selector valve opened and liquid Argon could flow from the

storage tank through the pipes and nozzles into the containment. The
calculated agent quantity for the initial discharge was 4 tons (US) of
liquid Argon, corresponding to approximately 78150 ft³ (2,213 m³) of
gas. The discharge time was 120 seconds. After the initial discharge,
the extended discharge was activated for 10 minutes. Data logging and
the video recordings continued for 4 hours from the start of the initial
discharge.
Results
Argon is stored in the storage vessel at about -289 °F (-178 °C) and a
pressure of approximately 290 psi (20 bar). Due to the low agent
storage temperature and the additional temperature drop of the room
air, caused by heat energy absorption at the nozzle to evaporate liquid
Argon into Argon gas, very low temperatures in the containment were
anticipated.
The temperature at the lid of the water-glycol container (green line)
decreases very briefly to 41.7 °F (5.4 °C). The temperature of the
water-glycol mixture in the container (red line) remains constant at
64.2 °F (17.9 °C) during the discharge test despite the very low ambient
air temperatures. It drops slowly. At the end of data recording, 3 hours
after the discharge, it is still at 61.3 °F (16.3 °C).

Fig. 8. Temperature of glycol container and inside the containment.
In order to observe the rotating Sodium filled container during an
ongoing experiment, an observation window from the control room is
located in the upper third of the containment. In fact, this window has
the lowest strength of the containment enclosure. Protective glass was
installed to protect the window from damages. Damage would cause

loss of the structural integrity and the ability to keep the oxygen level at
the required level to extinguishing and control the Sodium fire.
The measured temperature at the glass panes change only slightly, but
the air temperature between the pane facing to the containment and the
pane facing to the control room decreases very sharply. Anyhow, the
temperature of the air does not reach the temperature at the
containment ground floor. Argon has a higher density than air and thus
sinks to the ground. Warmer air rises by its lower density. The expected
risk that the protective glass may be damaged by the low temperatures
was proved wrong because the temperature values on the glass
surface remained above 32 °F (0 °C) all time.

Fig. 9. Observation window and vents.

-Temperature decrease
between panes: -120°C
-Temperature of outer
pane stays above 0°C

Fig. 10. Temperature at glass panes.

Fig. 11. O2 concentration during test.
The oxygen concentration is the most important parameter for the
evaluation of the argon low-pressure fire extinguishing system, which
was to be determined. The design of the fire extinguishing system
required a reduction of the oxygen content in the containment to less
than 5 Vol% to safely extinguish a liquid sodium fire.

The oxygen concentration sensors were installed at two levels of the
containment: On the ground floor and at the ceiling. From the measured
values and from the curve generated in Fig. 12, it can be observed that
the oxygen concentration at both measuring points drops very quickly
immediately after the start of the Argon discharge. The required value of
5 Vol% of oxygen content was reached after 120 seconds. The lowest
measured value is 4.3 Vol% of oxygen at the ground floor. Upon
completion of the main discharge agent loss through enclosure
leakages as well as through the pressure relief vents is compensated
by the extended discharge. After about 10 minutes the extended
discharge was stopped. Although the space remains closed, the oxygen
concentration increases slowly but steadily. The oxygen concentration
in the upper part of the containment raised to the normal 21 Vol% after
opening the door facing outside (t ≈ 40 min). Even three hours after the
Argon discharge, the oxygen concentration at the ground floor of the
containment was very low. Therefore the Argon was purged from the
room outdoors by a permanently installed purging system.
Conclusion and outlook
As a result of the discharge test it could be proven that all included
hardware was able to work effectively and the observed temperatures
stayed above critical values. The required oxygen concentration for
extinguishing was reached and maintained. Thus, the execution of the
experimental setup can be safely prepared.
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