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The NICA cryogenics will be based on the modernized liquid helium plant that was built in the
early 1990s for the superconducting synchrotron known as the Nuclotron. The main goals of the
modernization are: increasing of the total refrigerator capacity from 4000 to 8000 W at 4.5 K, making
a new distribution system of liquid helium, and ensuring the shortest possible cool-down time. These
goals will be achieved by means of an additional 1000 I/h helium liquefier and «satellite» refrigerators
located near the accelerator rings. This report describes the design choices of NICA, demonstrates
helium flow diagrams with major new components, and briefly informs of the liquid nitrogen system
that will be used for shield cooling at 77 K and at the first stage of cooling down of three accelerator
rings with the total length of about 1 km and «cold» mass of 290 t.

Kpuorenn s cucrem komiuiekc NICA co3m ercs H 6 3¢ MOAEPHH3UPOB HHOU YCT HOBKH IO MPO-
W3BOJCTBY XHAKOIO TeJHsl, TOCTPOSHHOH B H 4 Jie 1990-X IT. 119 CBEpPXIPOBOIALIEr0 CHHXPOTPOH —
HYKJIOTpOH . OCHOBHbIE HETM MOIEPHU3 UM — IOBBIIIEHHE OOLIeH XOJOAOMPOU3BOAUTETHHOCTH OT
4000 mo 8000 Bt v Ttemnep TypHOM ypoBHe 4,5 K, co31 HUE HOBOW CHCTEMBI P CIIpelesieHHs XKHUAKOTO
refds, T KXe oOecredeHre Kp T4 HINEro BPeMEHU OXJI KIEHHsS. DTH LN JOCTUT I0TCS MMOCPEACTBOM
BBOJl B 3KCIULy T Lui0 JonoiaHuteasHoro 1000 /4 renmeBoro OXUXUTENS U «C TEJUIMTHBIX» pedpuxe-
P TOpPOB, p CIIONOXEHHBIX PSIOM C YCKOPUTETbHBIMHI KOJIBII MU. B CT The OMKC HBI MPOEKTHbIE PEIICHHs
o kpuoreHuke NICA, mpejicT BIIEHbI CXeMBbl I'€IUEBbIX MOTOKOB C HOBBIMHU IJT BHBIMH KOMITOHEHT MU,

T KXe 1 HO MPEACT BIEHHE O CUCTeMe XHAKOINO 30T , UCIOIb3YeMO I OXJI XKIEHUS Terio3 IIUT-
HBIX ®Kp HOB Ipu 77 K M H TepBoM 9T Ie OXJI XHeHUSI BCeX TPEX YCKOPHUTENBHBIX Kollel oOreil
MPOTSKEHHOCTBIO OKOJIO 1 KM U «XOJoaHoW» M ccoit 290 T.

PACS: 07.20.Mc

INTRODUCTION

Since 1993, the largest Russian liquid helium plant for the superconducting accelerator
Nuclotron has been operating at the Joint Institute for Nuclear Research in Dubna near
Moscow. The concept of its cryogenic system includes a large number of technical ideas
and solutions never used before. The most significant of these solutions were the following:
fast cycling superconducting magnets, cooling by the two-phase helium flow, an unusually
short period of time for cool down till the operating temperature, parallel connection of
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about 150 cooling channels of the magnets, «wet» turbo expanders, screw compressors with
a pressure rise of more than 25, and jet pumps for liquid helium. These technical solutions
allowed one to construct an efficient and reliable cryogenic system.

The plans for further development of the basic installations at the JINR Laboratory of High
Energy Physics are to build new accelerators: Booster and Collider, both using magnets with
superconducting windings cooled to the liquid helium temperatures. These two accelerators
together with the existing Nuclotron will be united into the NICA complex [1].

The newly created accelerator complex will require additional refrigeration capacity at 4.5
and 80 K. For the cryogenic system upgrading, we will use screw helium compressors with
a new design, an additional 1000 I/h helium liquefier, and a distribution system of cooling
capacity based on the helium «satellite» refrigerators. Besides, a new 80 K refrigerating
system will be made on the basis of nitrogen turbo compressors.

1. GENERAL VIEW OF THE NICA CRYOGENICS

A detailed description of the existing Nuclotron cryogenic system can be seen in [2-4].
New installations, which will appear while updating and building of the NICA complex, are
shown in Fig. 1. The main technical characteristics of the NICA helium cryogenic system are
listed in Table 1.

Collider .

Fig. 1. The general view of the cryogenic system for the NICA complex. New units for the NICA
accelerators: I — 6600 Nm®/h screw compressors Kaskad-110/30; 2 — 1300 kg/h nitrogen liquefier
0OA-1.3; 3 — nitrogen turbo compressors; 4 — liquid helium tank; 5 — 500 kg/h nitrogen recondenser
RA-0.5 of the Booster; 6 — «satellite» refrigerator of the Booster; 7 — draining and oil-purification
units; § — 1000 I/h helium liquefier OG-1000; 9 — «satellite» refrigerator of the Collider; 10 —
500 kg/h nitrogen recondenser RA-0.5 of the Collider



762 Agapov N.N. et al.

Table 1. Basic parameters of the NICA helium cryogenics

Operating temperature, K 4.5
Refrigerating capacity at 4.5 K, W 8000
Total capacity of compressors, Nm®/h | 30420
Total power of electric motors, kW 7400
Flow rate of cooling water, m3/h 355
Cold mass, t 290

The cryogenic systems of the future accelerators (Booster and Collider) will consist of
the central helium liquefier and «satellite» refrigerators (6,9) located near the accelerator
rings. The «satellite» refrigerators operate using the liquid helium obtained from the central
liquefier. It makes it possible to manage each of «satellite» refrigerators by using minimum
of equipment. In this case, this refrigerator, which consists only of heat exchangers, is highly
reliable. Less reliable elements requiring more attention of the personnel will be located in
one place — on the central liquefier. It is necessary to stress that this system needs minimum
of cryogenic pipes but high thermodynamic efficiency is preserved.

Main installations of the existing cryogenic structure at the Nuclotron — two helium
refrigerators KGU-1600/4.5 of capacity 2 kW at 4.5 K — were specifically designed by
Joint-Stock Company «NPO GELIYMASH» for superconducting magnets of the JINR ac-
celerators and have already been successfully operating for more than 25 years. Using this
experience, the company has designed and now is manufacturing 1000 I/h helium liquefier
OG-1000 (8), which represents the next generation of the Russian large-scale helium cryo-
genics. Its description will be given below.

We have got similar positive operation experience with helium screw compressors designed
and manufactured by the Kazan Joint-Stock Company «NIITURBOKOMPRESSOR». The
first machine Kaskad-80/25 was purchased by JINR in 1990. This machine was made in a two-
stage version with the outlet pressure of 2.5 MPa. Currently, the Nuclotron cryogenic system
uses two of these compressors with helium flow rates of 5040 Nm?/h each. To refrigerate new
NICA accelerators, we have ordered two additional compressor units modified to increase the
outlet pressure and capacity. This compressor modification named Kaskad-110/30 (/) will be
discussed in Sec. 3 of the paper.

2. HELIUM LIQUEFIER 0G-1000

In 2011, the helium liquefier OG-1000 was specially designed to meet the needs of the
NICA complex by Joint-Stock Company «NPO GELIYMASH». At present, this company is
manufacturing hardware. The flow diagram of the liquefier is shown in Fig.2 (point 4). Its
thermodynamic cycle consists of two gas-expansion turbines, a vat of liquid nitrogen, two- and
three-flow heat exchangers, and a «wet» expansion turbine. The liquefier is composed of six
basic units (Fig. 3), each enclosed in its own thermally insulated vacuum jacket and connected
to the others by means of thermally insulated tubing. Impurities are removed from the helium
at liquid nitrogen temperatures in two switchable units / and 2 containing charcoal adsorbers.
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Fig. 2. Schematic flow diagram of the cryogenic helium system for the NICA complex: I — «satellite»
refrigerator of the Collider; 2 — «satellite» refrigerator of the Booster; 3 — liquid helium tank;
4 — 1000 V/h helium liquefier OG-1000; 5 — liquid helium separators; 6 — KGU-1600/4.5 helium
refrigerators; 7 — gas-holders; 8 — compressed-helium reservoirs; 9 — 45 Nm?/h piston compressors
1VUV-45/150; 10 — 1200 Nm?3/h piston compressors 305NP-20/30; 1] — draining and oil-purification
units; 72 — 6600 Nm>/h screw compressors Kaskad-110/30; 13 — 5040 Nm3/h screw compressors
Kaskad-80/25; 14 — 100 m® intake reservoir

When one unit is operating, the other is being regenerated. This is done by heating with a hot
gas followed by vacuum pumping. Besides, the picture shows two units 3 and 4 consisting of
two- and three-flow twisted heat exchangers, an expansion turbine unit 5, and a liquefaction
unit 6 with a liquid helium collector of about 1000 1 in volume. The expansion turbines are
constructed following the design described in [5]. Basic parameters of the liquefier OG-1000
and technical characteristics of the turbo expanders are listed in Tables 2 and 3.
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Fig. 3. Helium liquefier OG-1000: 7,2 — purification units; 3,4 — heat exchangers units; 5 —
expansion turbine unit; 6 — liquefaction unit

Table 2. Basic parameters of the liquefier OG-1000

Capacity, 1/h 1100 4100
Liquid nitrogen consumption, kg/h <560
Energy consumption, kW 1760
Compressed-helium pressure, MPa 2.5
Compressed-helium flow rate, Nm®/h 6600
Total mass, kg 14000
External dimensions, m 5x5x%x10

Table 3. Technical characteristics of the expansion turbines

Parameters Turbine 1 | Turbine 2 | «Wet» turbine

Mass flow rate, kg/s 0.2238 0.2226 0.1094
Inlet pressure, MPa 2.29 1.16 2.21
Outlet pressure, MPa 1.18 0.131 0.21
Inlet temperature, K 54 22.3 7.98
Outlet temperature, K 45 12.3 5.1
Expected isentropic efficiency 0.72 0.75 0.65
Output power, kW 10.9 10.9 1.25
Speed, rpm 130 000 90 000 145 000
Impeller diameter, mm 35 50 15
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3. HELIUM COMPRESSORS OF THE NICA COMPLEX

The cryogenic system of NICA will use compressors of various types and modifications.
Technical characteristics of the machines are listed in Table 4. The main ones are four
oil-lubricated screw compressor aggregates Kaskad-80/25 and Kaskad-110/30. For the stage-
by-stage regulation of the flow rate and storage of compressed helium, smaller-capacity
305NP-20/30 and 2GM4-12/31 piston compressors are used. The evacuated helium is

Table 4. Technical characteristics of the helium compressors in the NICA cryogenic system

Characteristics Kaskad- | Kaskad- | 305NP- | 2GM4- | 1VUV-
80/25 110/30 20/30 12/31 45/150
Number 2 2 3 4 4
Type Screw Screw Piston Piston Piston
Capacity, Nm®/h 5040 6600 1200 840 45
Outlet pressure, MPa 2.5 3.0 3.0 3.1 15
Total power of electric motors, kW 1430 1600 200 160 22
Voltage, V 6000 6000 380 380 380
Number of compression stages 2 2 3 3 3
Speed, rpm 2970 2970 500 710 620
Flow rate of cooling water, m/h 60 78 15 7.2 1.5

Fig. 4. The general view of the helium screw compressor aggregate Kaskad-110/30: I — two primary
screw compressors; 2 — screw compressor of the second stage; 3 — oil pump; 4 — oil reservoir; 5 —
preliminary oil-purification unit of the second stage; 6 — preliminary oil-purification units of the first
stage; 7 — start-up oil pump of the primary screw compressors; 8§ — oil separator; 9 — oil cooler of
the second stage; /0 — two oil coolers of the first stage; // — fine purification oil filters
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pumped into the reservoirs by small 1VUV-45/150 piston compressors, operating at higher
outlet pressures.

At the present time, two Kaskad-80/25 compressors have been installed in the cryo-
genic system of the Nuclotron, and there are plans to install two new compressors named
Kaskad-110/30 by 2013. The total capacity of the helium compressors, located in the Nu-
clotron machine room, the installed power, and the flow rate of cooling water are 17220 Nm?/h,
4.19 MW, and 200 m3/h, respectively. After new machines are put into operation, these values
will increase to 30420 Nm?3/h, 7.4 MW, and 356 m?3/h.

The Kaskad-80/25 consists of three basic units: the first stage, the second stage, and the
oil-cooling unit [4]. The first stage contains two compressors operating in parallel, driven by
a single electric motor of power 0.8 MW with a voltage of 6 kV. The second stage consists
of a single screw compressor. All aggregates have a single oil separator and an oil system
common to the compressors of the first and second stages.

In comparison with Kaskad-80/25, the first step of the new machine (Fig.4) includes two
compressors; each of them is placed on a separate frame and driven by its own motor of
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Fig. 5. Flow diagram of the NICA liquid nitrogen system: I — five 20 m® compressed-nitrogen
reservoirs; 2 — three turbo compressors; 3 — two 198 m® gas-holders; 4 — adsorption nitrogen plant;
5 — three 30 m® liquid nitrogen tanks; 6 — two 500 kg/h nitrogen recondensers; 7 — 1300 kg/h
nitrogen liquefier; 8§ — vat of liquid nitrogen of the helium «satellite» refrigerator for the Collider; 9 —
nitrogen shield of the Collider cryostat; /0 — six liquid nitrogen pumps; // — vat of liquid nitrogen
of helium «satellite» refrigerator for the Booster; /2 — nitrogen shield of the Booster cryostat; /3 —
nitrogen shield of the Nuclotron cryostat; /4 — vacuum pump; /5 — vat of liquid nitrogen of the
helium liquefier OG-1000; /6 — vats of liquid nitrogen of the helium refrigerators KGU-1600/4.5
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power 0.4 MW. The oil coolers for each compressor are located directly on the compressor
unit. This solution together with using of the slide valves allows one to adjust the compressor
capacity from 100 to 20% of the nominal value.

The primary oil separation consists of a horizontally installed cylindrical vessel, which
also serves as the oil reservoir. The next stage is composed of a vertical oil separator and
internal oil-coalescing filter cartridges in parallel. The final oil separation is composed of
three filters and one oil adsorber containing active charcoal.

4. LIQUID NITROGEN SYSTEM

To cool down the superconducting magnet system from ambient to operating temperature
and to refrigerate the insulating shields at 77 K, it will be necessary to produce about 2300 kg/h
liquid nitrogen. The new closed-cycle cryogenic system for producing and distributing of
liquid nitrogen is specially designed and will be constructed.

As is shown in Fig.5, this system is based on a nitrogen liquefier (7) with capacity of
1300 kg/h and two 500 kg/h nitrogen recondensers (6). Three compressors Samsung Techwin
SM-5000 are used for circulation of gaseous nitrogen. Inlet and outlet pressures are 0.12 and
1.8 MPa, respectively.

The nitrogen liquefier has thermodynamic cycle based on two gas-expansion turbines,
where the compressed gas expands step-by-step from 1.8 to 0.12 MPa. Both recondensers
have identical thermodynamic cycle based on a single gas-expansion turbine.

The work was partially supported by JINR grant No. 13-103-05.
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