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Nitrogen liquefaction
Two needs at underground LNGS

Provide cooling power from liquid 
nitrogen (LN) to keep ~700 tons of 
Argon in liquid phase (LAr) through 
re-liquefaction of evaporated Argon

1 - DarkSide experiment

Install in the LNGS a nitrogen 
liquefaction facility that could serve 
for the experimental sites/huts needs 
in the underground laboratory, other 
than Dark Side experiment   

2 - LN for uLNGS customers
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Nitrogen liquefaction
Two needs at underground LNGS

• Requested cooling power:              

• 11 kW @ 87K in normal operation

• up to ~15 kW @ 87K during initial 

filling of the Dark Side tank with LAr


• Additional requests:

• LN2 pumps

• insulated lines

• LN2 buffer volume


1 - DarkSide experiment
• Consumptions:


• 1 050 000 kg of LN2 in 2020                       
(472 000 for BOREXINO)


• ~490 000 kg of LN2 in first half of 2021       
(205 000 for BOREXINO)


• Requested liquefaction rate:

• uLNGS needs: ~105 scm/h (~150 l/h)

• uLNGS needs without BOREXINO (-43.5%):   

~60 scm/h (~85 l/h)


• In alternative we could accept an higher 
production if the system is modular and does 
not need to be on continuous operation   

2 - LN2 for uLNGS customers
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1 - Dark Side experiment
Turbo-Bryton (TBF) systems from Air Liquid

• Easiness of installation and operations (user friendly)


• High efficiency, reliability and lifetime 


• Hermetic design


• 100% Oil-free (magnetic bearings)


• Capability of turning the system on/off several times


• It takes 3 hours from ambient temperature to cool-down the Turbo-Braytonand start subcoolingLN2


• Flexibility and modularity: stand-by mode with a low rotation speed (between 5 and 10% of 
electrical consumption depending on the product), and immediately subcoolLN2 at order
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1 - Dark Side experiment
Turbo-Bryton (TBF) systems from Air Liquid

• High efficiency is an advantage for full load, but even more at partial load. 


• At 60 % partial load, the overall efficiency of the refrigerator is only decreased by 3 %


• The cold power is automatically adjusted from 0 to 100 % by varying the speed of the motor. No valves nor heater are needed.
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1 - Dark Side experiment
Turbo-Bryton (TBF) systems from Air Liquid

System 
name

Electrical 
consumption

Cooling power 
@68K Water cooling Re-liquefaction 

capability Size (LxWxH) (m) Mass Cost

TBF-175 200 kW 17 kW 9.3 Kg/s ~0.2 t/h

~174 smc/h

9.5 x 1.7 x 
2.65 15 t 2.7 M€

TBF-350 410 kW 40 kW 18.6 Kg/s ~0.45 t/h

~394 smc/h

11 x 1.7 x 
2.65 17 t 3 M€

Specifications
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1 - Dark Side experiment
Turbo-Bryton (TBF) systems from Air Liquid

• Guarantee of 1 year (+ possible extensions)


• Maintenance: one intervention each 5 years, plus an intervention each 8000 
hours for the additional LN pumps


• Delivery time is 14 months for the order, independently of the chosen system.


• Possibility of paying a part in advance vinculated to the delivery of the system 

Maintenance, warranty & co.
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1 - Dark Side experiment
Additional thoughts

• The experimental facility is ~100 metres away from the installation site: 


• This would require installation of pumps on the LN tank. In this regard we should consider putting two 
identical pumping system such that one could serve as backup of the other, allowing maintenance without 
turning off the system


• thermally insulated pipes for LN from the re-liquefaction facility to the experiment (~0.5 k€/m). Can be 
provided by Air Liquid. Need to take into account additional losses/inefficiencies for the final cooling power 
budget.


• On the way back, the evaporated nitrogen should be recollected in gaseous phase by the re-liquefaction 
system with additional ~100 meter length recovery lines (less stringent needs on thermal insulation).                                                    

• The Dark Side experimental facility has a main tank of 700 tons of LAr, the idea would be to keep a buffer volume 
of LN large enough to serve as a cooling power reservoir in case of problems with the re-liquefaction facility. 


• The approximate amount of LN to keep the system cold would be of the order of 5 tons/day, so that a 
buffer volume of 10-15 tons would be reasonable


• An idea would be to make it accessible from outside in emergency, in order to leave the possibility of 
refilling it with LN from trucks in case of problems on the re-liquefaction facility. 
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2 - LN for uLNGS users
• Solution is not straightforward for uLNGS


• Nitrogen recovery system at LNGS is not an viable option for the 
this kind of usage


• Use bundles of compressed would require too many truck 
deliveries trucks in the underground


• Need of insitu nitrogen distillation from air


• Industrial nitrogen liquefaction plants can liquefy nitrogen directly 
form air, but are over dimensioned for our needs and would require 
usually high distillation coldboxes (> 20 m height). SIAD is not a 
possibility, a check with AirLiquid is ongoing


• 2 possibilities:


• Use the same TBF for both Dark Side and uLNGS needs


• Disentangle Dark Side and uLNGS needs using two  
independent systems
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2 - LN for uLNGS users
A single TBF for Dark Side and uLNGS needs

• Use part of the cooling power of the same TBFused 
for Dark Side, to liquefy nitrogen for uLNGS users too 


• A TBF used in this way would suffer for a 
considerable reduction of its efficiency 


• AirLiquid answered that liquefy ~100 litres/h of 
nitrogen could be feasible with a TBF-175 (17 kW 
@68 K)


• Given that the Dark Side needs would be of 
additional 13-15 kW @ 87K, a TBF-350 (40 kW @ 68 
K) would be more than enough for both the systems
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2 - LN for uLNGS users
An independent nitrogen liquefaction plant for uLNGS needs

• Air separation + TBF-175 + heat exchange system 

• Couple a TBF-175 to a nitrogen separation plant that extract gaseous nitrogen (with a given purity) from air without liquefying it directly


• Considerable loss of efficiency but feasible, the cooling power provided by the   TBF-175 should be transferred to the nitrogen to be 
liquefied through exchangers 


• Air separation + different liquefaction system 

• Couple a nitrogen separation plant to a direct liquefaction plant


• Asked a study of feasibility to SIAD (70-80 smc/h, max 100-110 smc/h, evaluation of power and water consumption cooling power @ 
77 K, maintenance, size, cost, delivery time, warranty, assistance)


• SIAD minimum is not less than 500 smc/h. It could still be ok if it does not suffer if operated for few days each 1-2 weeks


• Air separator types are for example Pressure Swing Adsorber (PSA) systems: 

• Isocell (see next)


• Cryotec

Possible solutions
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PSA nitrogen generator - Isocell
Working principle

+ 4 files pdf
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Series S-D

• Small size


• From few l/h to >1000 m3/h


• Optimization for “multi banking” systems


• Modularity (adding filters in a single 
module and/or adding modules after first 
installation)

PSA nitrogen generator - Isocell
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Flow rates
PSA nitrogen generator - Isocell
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Flow rates
PSA nitrogen generator - Isocell
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PSA nitrogen generator - Isocell
Specifications

16



PRO & CONS
A single TBF for Dark Side and uLNGS needs

• Optimization of costs


• Modularity (tuneable cooling 
power)


• Flexibility (does not suffer for ON/
OFF cycles)


• Can be started immediately after 
the installation for 2.


• …

PROs CONs

• Two interconnected systems with 
very different needs


• Loss of efficiency (for 2.)


• Custom designed system


• Investigate deeper the feasibility 
with Air Liquid


• …
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