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INTRODUCTION 

The LHE has old traditions and long-term experience in cryophysics 
and cryoteclmique. A special division was formed in the early 50th for 
the construction of large (1 m and 2 m) liquid hydrogen bubble cham
bers and liquid hydrogen targets aimed to investigate elementary particle 
interactions at the Synchrophasotron in Dubna and at the 70 GeV pro
ton synchrotron at Protvino. A lot of different cryogenic equipment and 
superconducting devices have been developed and constructed for ex
periments in the field of particle and relativistic nuclear physics by the 
specialists of the LHE. 

A new step in the development of research in cryogenics was initi
ated by the construction of the specialized superconducting relativistic 
heavy ion accelerator Nuclotron and the program for relativistic nuclear 
physics [1]. R&D works on the superconductor magnets were completed 
in 1980 by testing a novel type SC-magnet: fast cycling (up to 1 Hz), 
force cooling by two-phase helium, window-frame type dipoles with an 
iron-shaped magnetic field up to 2.2 T [2]. The construction and test of 
the model SC synchrotron (SPIN) for a 1.5 GeV proton energy have also 
been performed before the production of the Nuclotron systems. The Nu
clotron project was approved in December 1986. In 1987-92 the systems 
wore fabricated, assembled and tested and the first beam was announced 
around the March of 1993 [3]. The ring with a length of 250 m comprises 
96 dipole magnets of 1.5 m each, 64 quadrupole lenses of 0.4 m, 28 multi-
pole correctors of 0.31 m with different types of coils in each, twelve 6 kA 
helium-cooled main current leads, 234 leads of a 100 A current for cor
recting coils and special-purpose magnets, 32 special units of equipment 
for beam injection, acceleration, extraction, diagnostics and also about 
600 sensors of cryogenic temperatures. In more detail the Nuclotron was 
described in papers [4]. The total "cold" mass of the Nuclotron is about 
80 tons. 

CENTRAL LIQUEFIER STATION 

A general view of the LHE accelerators and the main cryogenic equip
ment is shown in Fig. 1. There are three KGU-1600 refrigerator-liquefiers, 
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a compressor station, receivers for gaseous helium storage, gas bags and 
a liquid helium storage tank. According to the project, the Nuclotron 
cryogenic supply system must provide: 
- cooling of the magnets down to 4.5 К over 100-120 hours after start
ing, 
- a refrigeration power of 1.75 kW to compensate the static heat flow 
and up to 2.9 kW for dynamic heat, losses in the magnets under a current 
cycle, 
- production of about 100 1/h of liquid helium simultaneously with re
frigeration for the cooling current leads. 

As shown in Fig. 2, two of the three KGU setups are connected to 
their half-ring and can operate independently.' The third one is aimed 
at increasing the total capacity in case of the hardest mode of Nuclotron 
operation (peak repetition rate at a maximum design energy) or in ease 
of failure of any other refrigerator. The third setup can be also used for 
liquid helium production in the process of Nuclotfon operation. 

The KGU setup includes three gas turboexpanders T l , T2, T3, a 
liquid nitrogen bath, double- and triple flow heat exchangers, wet tur-
boexpander T4 and a liquid helium receiver of 1000 1. After oil and 
water purification, the compressed helium is divided into main and tur
bine streams at the entrance of each refrigerator. The turbine stream is 
expanded step-by-step in the three turbines from 2.5 MPa to 0.13 MPa. 
The optimum temperatures of helium at the input of the turboexpandors 
are 150 K, 50 К and 19 K. After cooling in the heat exchanger to a 
temperature of 5.5 К - 7.5 К, the main stream is expanded in the wet 
turbine from 2.5 MPa to 0.17. After that one part of the main stream is 
removed to the liquid helium receiver, and in case of Nuclotron operation 
the other is directed to the half-ring via a liquid/vapour separator. Main 
design parameters of the helium compressors are presented in Table 1. 

The basis of the compressor system is a screw compressor CASCADE-
80/25. The piston compressors are useful for step variation of the com
pressed helium flow and its redundancy. The screw compressors are sup
plied with oil and water purifiers. The final purification of oil vapour 
is performed by two charcoal adsorbers with a duty cycle of 2500 hours 
each. Water purification is provided with two ceolite adsorbers. 

Gaseous helium is stored in 10 vessels of a 20 m3 capacity each at a 
maximum pressure of 3 MPa and in 3 gas bags of a 20 m3 capacity each. 
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Table 1. 

Component 
Number 
Type 
Capacity. m3/li 
Discharge pressure. 
Number оГ stage 
Power of drive, 1 
Voltage of drive 

•к 
kVV 
,v 

M Pa 

CASCADE. 
2 

screw 
5040 
2.5 
2 

2x(i30 
6000 

•80 305NP-20 
3 

• piston 
1200 
3.0 
3 

200 
380 

2GM4-12 
4 

piston 
900 
3.1 
3 

KiO 
380 

IVUN -4 
4 

piston 
45 
15.0 

3 
22 

380 

Since 1993 a big 8 thousand gallon tank has boon used for liquid helium 
storage. 

OPERATION MODES AND EFFICIENCY 

Specific properties of operating the cryoplant in case of Nuelotroii 
runs are the mixed refrigerator-liquefier mode and variation of heat loads 
over a wide range. The capability of the KGU setup for mixed mode 
operation was investigated under different conditions. The dependences 
of refrigeration power versus the amount of liquid are presented in Fig. 3. 
Curve 1 shows the case of JT-valve expansion at the final stage of a cool
ing cycle. Using the wet turboexpandcr instead of the JT-valvc led to a 
substantial increase of refrigeration power (curve 2). A 1.5-fold increase 
was observed (from 1.1 to 1.7 kW) in case of the pure refrigeration mode. 
Increasing a compressor gas flow from 3600 to 4800 m :{/h in case of using 
the JT-valve provides additional 0.4 kW of refrigeration power. A maxi
mum cooling power and efficiency are realized if the wet piston expander 
machine is used instead of the JT-valve (curve 4), but turbine-type ma
chines are mostly used due to higher reliability of the last ones. 

So, to make the cryogenic cooling efficiency of the systems higher, 
one needs to use an expander instead of a JT-valve. T h a t was proposed 
and realized for a hydrogen liqucficr [5] at our Laboratory in 1965. For 
a helium liquefier it was made by S.Collins in 1970 [6]. Piston type 
expander machines were used in both cases. 

The first successful a t tempt to replace a piston type wet expander of 
the KGU se.tup by a wet turbo expander was made by our specialists in 
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1985. It was extremely important that a high efficiency of setup operation 
was guaranteed over a full dynamic range under a constant gas flow pro
vided with the compressors despite the absence of jet cross-section adjust
ment in the nozzle apparatus. Such a phenomenon of "self-adjustment"1 of 
the gas flow distribution under transition from the refrigerator to the liq-
uefier mode is explained by a difference of optimum temperatures which 
are needed in both cases. The optimum temperature at the input of 
the turbine is 5.2 К in the refrigerator mode when a maximum gas flow-
through the turbine must be provided and 8.5 К in the liquefier mode. If 
is clear that the temperature growth leads to decreasing the total helium 
flow and that is enough for an effective redistribution of gas flows. 

As was mentioned above, the main compressor at our cryoplant is 
a screw oil-filled two-stage compressor CASCADE-80/25. It was spe
cially designed and constructed by the enterprise "KAZANCOMPRES-
SORMASH" for a cryogenic supply system of large-scale superconduct
ing equipment in nuclear physics research. The pilot sample of the 
CASCADE-80/25 was tested at LHE. The first stage of this machine 
consists of two compressors connected in parallel and driven by an elec
tric motor of a 0.63 MW power and a 6 kV voltage. The second stage is 
based on a screw compressor with a vertical oil separator and an electric-
motor of the same parameters as for the first stage. Main operational 
characteristics of the CASCADE-80/25 are the following: 

Capacity, m ' / h 6000-6400 
Input pressure, MPa 0.071-0.086 
Output pressure, MPa 2.32-2.54 
Electric power, kW 
I - stage 563-640 
II - stage 339-393 
Isothermic efficiency 0.52-0.55 

The results of the stand test have shown a high reliability and a good 
efficiency of the machine over the values of gas pressure from 0.02 to 0.085 
MPa at the input under a constant pressure at the output. This makes 
it possible to use such equipment in powerful cryogenic systems aimed at 
cooling down to 3 К and below. 

The efficiency and reliability of the industrial refrigerator KGU and 
the Nuclotron cryogenic supply system respectively was substantially im-
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proved after the described above new equipment", was put into operation. 
There were six runs at the Nuclotron during the last one and half years. 
The total running time was about 2000 h. It took 92-110 hours to pro
vide temperature of 4.5 К for all 200 elements of the accelerator ring 
connected in parallel to helium headers. The time dependent temper
ature distribution at different points of the Nuclotron ring is shown in 
Fig. 4. 

The LHE cryogenic facilities are intensively used to provide different 
users with liquid helium both at JINR and outside. About 60000 litres 
wore produced for 500-litre Dewar vessels for JINR's needs in 1994. The 
main users are experimental physics equipment at different laboratories 
of the Institute. The Orenburg helium plant is one of the nine basic 
producers of helium in the world. Till 1992 it had no output to world 
market for lack of helium liquefiers. The use of the cryogenic plant in 
Dubna allowed for the first time to produce liquid helium for large scale 
Russian export [7]. 
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Figure 1. General view of the LHE accelerators and central liquefier station. 1 - 10 GcV 
Synchrophasotron, 2 - Nuclotron, 3 - vessels for gaseous helium storage, 4 - gas bags, 5 
- compressors, 6 - refrigerutors/liquefiers, 7 - liquid helium tank. 
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Figure 2. Flow diagram of the Nuclotron cryogenics. 1 - vacuum shell; '2 heat shield: 
'Л -'supply•header; 4 - return header; 5 - dipole magnet; 6 - quadrupole magnet: 7 
subcoolcr; 8 - separator; 9 - refrigerator; 10 - gas bag; 11 - storage vessel; 12, 11. 1"), 17 
- compressors; 13, 16 - purifiers. 
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Figure 3 . Characteristics of the refrigerator/liquoficr 
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Figure 4. Typical process of the NUCLOTRONs cool down. 
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А'чпои Н.Н., Паллии A.M., Коваленко А.Д. Е8-95-66 
Производство жидкого гелия в Дубне 

Холодопроизводительность криогенных гелиевых установок, введенных в действие в 
Лаборатории высоких энергий, составляет около 5 кВт при температуре 4,5К. Это обеспечива
ется 4-мя промышленными ожижителями гелия, произведенными в московском объединении 
НПО ГЕЛИЙМ АШ и доработанными специалистами лаборатории. Первая установка пущена 
в работу в 1980 г., две других — в 1991 г., четвертая смонтирована и находится в стадии 
подготовки. Развитие производства жидкого гелия в ЛВЭ обусловлено созданием нового'сверх-
проводящего ускорителя нуклотрон, предназначенного для ускорения ядер и тяжелых ионов 
до энергий в пределах 6 ГэВ. Первый сеанс испытаний нуклотрона был проведен в марте 
1993 г., к настоящему времени общее время пусков составило около 2000 часов. С 1992 г. завод ' 
жидкого гелия интенсивно используется и для потребителей вне лаборатории. Для таких 
потребителей в 1993 году было произведено более одного миллиона литров жидкого гелия. 
Надежность системы ожижения гелия за 4500 часов работы в период 1993—1994 гг. была 
не менее 98%. 

Работа выполнена в Лаборатории высоких энергий ОИЯИ. 

Препринт Объединенного института ядерных исследований. Дубна, 1995 

AgapovN.N.,BaldinA.M.,KovalenkoA.D. E8-95-66 
Liquid Helium Plant in Dubna 

The liquid-helium cooling capacity installed at the Laboratory of High Energies is about 5 kW 
at a 4.5 К temperature level. It is provided with four industrial helium liquefiers ofl .6 kW/4.5 К each. 
They have been made by the Russian enterprise NPO GELYMASH and upgraded by the specialists 
of the Laboratory. The first one was put into operation in 1980, the two others in 1991, and the last 
one is under commissioning. The development of the LHE cryoplant was concerned with the 
construction of the new superconducting accelerator Nuclotron aimed to accelerate nuclei and heavy 
ions up to energies of 6 GeV/u. The first test run at the Nuclotron was carried out in March 1993, and 
the total running lime has been about 2000 hours up to now. Since 1992 the cryoplant has been 
intensively used by the users outside the Laboratory. More than a million liters of liquid helium was 
provided in 1993 for such users. The reliability of the cryoplant system was as high as 98 percent for 
4500 hours of operation in 1993—1994. 

The investigation has been performed at the Laboratory of High Energies, JINR. 
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