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Figure 4. Smart energy operation of the ATL 160 small scale helium liquefier. Interval t = 0 -22.5 hr
shows “Slow” mode at different frequencies (45-30-60-45-30-45-60-45 Hz). Interval t = 22.5 – 68 hr
shows “Fast” liquefaction mode at different frequencies (60-45-60 Hz). Interval t = 68 – 105 hr shows
“Ready for Transfer” at frequency of 45 Hz. Interval t=105-160 hr shows “Standby” status at frequency
of 30 Hz.

Smart Energy Liquefier Operation
The data in Figure 4 show how the dynamic control of the compressor power frequency is used
for ATL 160 helium liquefier smart energy operation. In general, in a helium liquefier it is important to operate at the highest cooling capacity during initial cool down of the system and in the
“Fast” liquefaction mode in which liquid helium is liquefied as rapidly as possible. ATLs can operate at different liquefaction modes between “Slow” (20 L/Day) and “Fast” (>30 L/Day).1,4
The interval t = 0 - 22.5 hr is an example of “Slow” liquefaction mode at different compressor
frequencies (30-45-60 Hz). A frequency change sequence (45-30-60-45-30-45-60-45 Hz) has been
performed to find the optimum value for this mode as well as to check reproducibility. The maximum input helium gas flow is around 8-9 sL/min, that corresponds to a liquefaction rate of 19.522 L/Day. Clearly this is an intermediate heat load liquefaction mode since the maximum flow is
obtained at around 45 Hz. The interval t = 22.5 - 68 hr is an example of “Fast” liquefaction mode.
In this mode the liquefier is subject to a large thermal load from the incoming room temperature
helium gas at a rate as high as 12 sL/min or more. Thus, as illustrated in Figure 4, in Fast liquefaction mode, the optimum compressor frequency value is that corresponding to the high power (60Hz)
compressor mode. Liquefaction rates achieved in this mode are in excess of 30 L/Day while consuming 7.6 kW. The integral of gas flow rate above the extrapolated dashed line of the “Slow”
mode is directly related with the gain in liquefaction rate when using “Fast” mode, a unique feature
of ATL liquefaction technology.1,4 At t = 72 hr, the ATL, full of liquid, reduces automatically the
compressor power frequency to 45 Hz, since the “Ready for Transfer” status is also an intermediate
heat load process.
Once the ATL helium liquefier is full it will keep the helium liquid inventory indefinitely until
it has to be transferred into the MRI or any other cryostat. While in this “quiescent” or “standby”
mode, the thermal load to which the liquefier is subject to, is minimal, and, the HAC 4500-LV
reduces the power frequency of the system (30 Hz), thus, reducing the power draw to about 3.1 kW.
Example of this mode is from about t~105 hr.
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Figure 5. Comparison of liquid helium production and energy consumption.

Table 1. Summary of performance of liquefaction plants classified by their size and technology
(XL= eXtra Large, L= Large, M= Medium, S=Small, XS= Extra Small).

In practice, higher liquefaction rates and smart energy operation allow the ATL 160 liquefier to
exceed by at least 60 liters/week the liquid helium production of other commercial liquefiers based
on Pulse Tube (PT)7 or G-M with Joule-Thompson cooling (G-M+JT)8 technologies and with as
much as 45% less energy consumption. Figure 5 shows that in a 24 day period, the ATL 160 is able
to produce 160 liters of liquid helium every five days, with the first four days of each week operating in “Fast” mode, the next day going to “Slow (Ready for Transfer)” mode and the remaining
hours before a weekly helium transfer in “standby”. At the end of a hypothetical 24 day period the
ATL 160 consumes 3,431 (kW·hr) compared to 6,163 (kW·hr) from a liquefier based upon a single
frequency cryo-refrigerator-compressor combination.
Performance Comparison of Small Scale Helium Liquefiers
Table 1 provides a comparison of various classes of liquefiers. The performance, R, of the
liquefaction system can be defined by the liquefaction rate (L/hr) divided by the electrical power
(kW) of the refrigerator. To our knowledge the best prior value of helium liquefaction performance
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obtained with a G-M cooler was reported to be approximately 0.08 (L/hr)/kW by Schmidt-Wellenburg
et al.9 in 2006. Here we have reported on a system that not only is more efficient at peak operation
but which can also dynamically reduce the power draw during periods of “idle” operation. Its performance can be dynamically varied between 0.15 to 0.16 (L/hr)/kW. The ATL160 exhibits higher
liquefaction efficiency than the best liquefier commercially available based upon a pulse tube cold
head7, exploiting solely the cooling power of the cold head. This design is also more efficient than
more complex devices that use Joule-Thomson (JT) cooling.8 In the future, it is expected that the
performance, R, of small scale helium liquefiers, will continue to improve and potentially be equal
or even higher than those obtained with medium liquefaction plants (class M), based on the Collins
liquefaction technology.
CONCLUSION
We have described a smart energy helium compressor for use in conjunction with a new versatile small scale helium liquefier. This system allows for intelligent oversight and budgeting of the
cooling power delivered to a two stage G-M cold head in the helium liquefier. This novel design
allows for substantial reduction in operational cost of the helium liquefier when compared to other
technologies that use single speed compressors.
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