Cryostat design
Thermosyphon cooling

Alexey Bragin, Vassily Syrovatin

Budker Institute of Nuclear Physics, Novosibirsk, Russia

November 2019



Total view of the cryostat

The cryostat consists of three parts for
assembling and to GSI transportation:
- The cryostat top unit

- The upper caoll

- The lower caolil. Assembling

The T-shape assembling place is a place Upper coil

weldable part. He transfer

The helium tubes will be welded.

Lower coil



Assembling parts of the cryostat

Control B Upper coil

Current leads -
3 valves

Lower coil

Vacuum pump
connection
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connection

Coils connection
Bus bars fixation

cryostat




View of the cryostat

Four legs for

support,
assembling
The piping in the cryostat was calculated to withstand 28 bar I e :
. . transportation
pressure, cold temperature deformations, for convenience of ! |

assembling, and possibility of the transportation.
Horizontal displacements of the valves is <1 mm.



View of the cryostat 2

Helium vessel of 180 | of volume



View of the cryostat 3 — top view




View of the cryostat 4

Bus bars fixation to the helium
tubes and to the current leads.

The heater was designed to
give 5 W.

Bus bars fixation Current leads I

The heater



View of the cryostat 5 — triple connection
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Bus bars fixation

Copper plates will be used for
the bus bar fixation to the helium
tubes.

Bus bars fixation

May be not all plates will be
made of copper, some guantity
of G-107?



Current leads
The current leads will be manufactured by SyperOx on the base
of HTS tapes.
HTS protection was be calculated.

Heat exchanger was also calculated. Brass

Thermal contact is via sapphire plates.

Heat exchanger

: : : with 50 K helium
HTS terminals will be adopted to the sizes of the CBM cable.

Temperatures will be controlled.

In BINP tests the cryostat will be modified to install a cryocooler Jhﬂt
to keep the current leads at design temperatures. G s

HTS current leads



Cryostat piping calculation

Equivalent Stress
Type: Equivalent (von-Mises) Streg

The pipe around the cryostat and the S - Uri: s ,
LHe vessel were calculated to o 10102019 1325
withstand 28 bars pressure, stress B e F i
and strain in the pipes. 5w sar
T Remate Displacement 4 — 52846
i Compression Only Suppert 47,561
[l Pressure: 2,8 MPa 42,277
] PressureZiZ‘B MPa 36,993
The control valves cold parts should e e e
not have the horizontal displacement o
more than 1 mm. sl
0,002474 Min N
loads Von Mises stress
C: Static Structural

C: Static Structural Total Deformation
Directional Deformation 2

Type: Directional Deformation(Z Axis)

Type: Total Deformation
Unit: mm

Unit: mm Time: 1

Globhal Coordinate System 10.10.2019 13:00

Time: 1

21.10.2019 9114 3,7257 Max
3,2186 Max 33117
2,6433 2,8978
2,0681 2,4838
1,4928 2,0698
0,91758 1,6559
0,34234 1,2419
-0,23291 0,82793
-0,80816
-1,3834 0,41:39?
-1,9586 Min 0 Min

total deformation

Z (vertical) deformation

0,00 450,00 900,00 (mm)
I 44 ..

225,00 675,00 0.00

250,00



Heat loads on the cryostat with coils at 4.5 K

Table 9. Heat loads on 4.5 K helium from both coils and the cryostat.

Heat load sources Values
Thermal radiation on the outer surface of the coil. W 0.12

Support struts, W < 8.2 expected
Tie rods. W 1.5

Soldering connection of the cable (at least 6 short splices). W 0.12

Thermal radiation on the cryostat, W 0.015
Cryostat suspension, W <0.1

Current leads, W 0.5
Measurements wires, W <0.1

Heat bridges of the cryostat neck and others connections, W <0.1

Eddy currents during the powering for 4 hours, W 2.2

Total, W ~10.8 (+2.2)

Table 11 Heat loads on 4.6 K helium from the Branch Box. the Feed Box and the transfer line

Heat load from Values
Thermal radiation on 4.5 K surfaces from the shields on the FB and BB, W 0.15
Supports and suspensions, W <2
Control Valves, W 15.2
Check Valves, W 0.9
Measurement wires, W <0.01
Heat bridges of the cryostat neck and others connections, W <]
Total, W 926




Heat loads on the cryostat with coils at ~ 55 K

Table 10 Heat loads on 50 K helium from both coils and the cryostat

Heat load from Values
Thermal radiation on the shields from the vacuum vessel, W 10
Support struts, W 90
Tie rods, W 22

Thermal radiation on the cryostat shield, W 1
Cryostat suspension, W 2
Current leads, W 120*
0
|

Measurements wires, W

Heat bridges of the cryostat neck and others connections, W

Total, W SEYT
*) It will be corrected after detailed design of the current leads

Table 12 Heat loads on the 60 K helium (return line) from the Branch Box, the Feed Box and the
transfer line

Heat load from Values
Thermal radiation on the shields from the vacuum vessel, W 7
Support and suspensions, W 20
Control valves, W 38
Check valves, W 11
Measurement wires, W <1
Heat bridges of the cryostat neck and others connections, W 5
Total, W 82




Thermosyphon circulation

Control valves

Cold mass of the
cryostat

The coils are connected in serial by tubes with liquid helium. The helium
flow is pushed by density difference between the vertical channels of the
helium flow loop. This is a thermosyphon cooling method. The peculiarity
of this design is that the coils as serially connected. The horizontal part of
the loop is relatively large, about 14 m. The thermosyphon cooling
estimations show that the vapor quality (x) at the outlet of the cooling loop
is less than 0.1 that is quite low. The stable thermosyphon flow works with
X up to 0.8 value.

The horizontal tubes inclination and a 5 W heater are foreseen for
stabilization of the He flow.

The direct cooling by 4.6 K helium from the cryoplant is possible.
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Heat transfer estimations

The heat transfer estimations are based on pool  ww’[« T [ [TT [ |
boiling of helium in “large volumes”. . I B BY = O 5
. . el
The “large volume” is treated as volume with - SIRE N
dimensions much higher than bubble diameters ; — H
which are 0.08-0.16 mm. i il /
The cooling tube of the coils has the diameter of : ,if 2
16 mm. 7’ ;Z
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Experimental data for critical heat flux
on heated horizontal channel (L) and
unheated vertical channel (L,). The red
point marks the length ratio for the
CBM magnet.



New Branch Box

The mass is 3500 kg
Diameter is 1500 mm
Length is 2500 mm




Conclusions

* The preliminary design of the cryostat is presented.
 The heat loads are estimated.
e The cryostat calculations were done.

* The design of the HTS current leads is discussed in the
qguench calculations.

 The thermosyphon evaluations are presented
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