Cryogenic Supply and distribution for FAIR
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Cryogenic system
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The interface between the distribution system and the consumer is the entrance of the >

feedbox, whereas the feedbox belongs (incl. specification and pricing) to the consumers.
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Cryogenic system — refrigerators - loads
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2034 3017

2838

[l static load @ 4K

@ beam induced losses 15727
O dynamic load @ 4K
O liquefaction

W static load @ 50-80K (4K
equivalent)

Including the safety factor 1.5 (TAC 2007)
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Task of Cryogenic group: Dimenisions; routing: external planer supervised by FAIR S&B 3
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Operating Parameter reriil)
A
: 44
label ® Connection 80 K level !
drawings Nomen @ MLI
clature
4K level
Normal operation Supply 4.6 K, 3 bar A 1
Suction 1.1 bar, B 2
max. 5K allowed
Cool down distribution [Supply 18 bar A 1
system Suction 4 bar B 2
Intermediate level
Supply 50K, 18 bar C 3
Return 80K, 17 bar D 4
Multipurpose line 1.1 (- 4) bar, pure E 8
helium

=> The conditioning of the helium is done within the feed box, which will be in the responsibility of the
machine coordinator or experimental group
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Cryogenic system — Design Values

User mass flow rate [g/s] Cool down
4K circuit 80K circuit margin [%]
Minimal Maximal
SIS100 total 140 1000 70 0
SIS300 100 230 55 0
HEBT300 21 30 30 10
CBM 10 50
SuperFRS 70 60 50
R3B 3 3 50
Low energy 4 4 50
branch => TG Cryogenic Operation Parameter
Label Heat load  Pressure drop
[W/exit] [Pa]
A 5 5000
B 10 600
C 35 1300
P 3 1300 => CS Cryogenic Distribution Boxes
E Nonrelevant
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Refrigerator- Control system il ?
& i

The cryogenic system contains

- Sensors as temperature, pressure, level, flow rates, positioners, rotation speed
- Active components as valves, compressors, turbines

which will be connected to the control system.

Protocol to be specified by
control specification

PLC Siow

CLTS control
or others Amplifier with
calibration

Jconnector"

We will follow the cryogenic control concept developed for LHC (Unicos).
A co-operation with CERN is started.

The number of gauges: approx. 8000
The implementation of Unicos will be trained at the “new” R3B refrigerator at GSI.
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Refrigerator/ Distribution system- time line g ,? "r‘ ;
& f ] e

Specification:
Tendering process:

Delivery process:

Setting into operation:

Specification:

Tendering process:

Delivery process:

Setting into operation:

0.5 a (incl. fixation of the operating cycles for design points)
0.5a
2a

0.5 a (Full facilities at the cryogenic hall have to be
available plus test load)

2 a ( for building the pipe routing have to be completed,
including the collisions test with other equipment —which is
not fixed up-to-now- and the transportation lines )

0.5a

1.5 a (splitting in several contracts)
1 a (high logistic demands, as transfer lines mostly

above transportation lines)
IS
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Cryogenic system - HeSu

Liquid Helium Supply in dewars for the supply of small or short time experiments.>

Liquefaction rate: 20 I/h

Recovery system is foreseen in the experimental hall; piping HDPE/ alu-stabilized PE

Responsibility ends ,at the door”.

Time line;

Specification: ~2m (depending on location)

Tendering: 3m
Delivery: 1la

=> As soon as possible;

refrigerator can be moved after some time of

operation into the FAIR facility.

Deutsche Physikalische Gesellschaft Q DPG

0 NS

Helium: rar und kostbar

Helium ist ein auf der Erde seltenes Element [1], das in der Grundlagenforschung, der Medizin und
Industrie vielf4ltig genutzt wird — als Gas und auch verfliissigt [2, 3]. Gefdrdert wird es als Beimi-
schung von Erdgas, denn in der Atmosphire betrégt die Konzentration in Bodennihe [4] nur 5,2
ppm (zehntausendstel Prozent). Die Variante Helium-3 wird sogar kiinstlich hergestellt. Angesichts
steigender Nachfrage (Abb. 1) und begrenzterVorrite wird immerwiedervor einem Engpass gewarnt
[2, 5 - 7], da Helium fiir manche Anwendungen aus heutiger Sicht unentbehrlich ist.

GriBter Einzelposten — bei einem Anteil von 28 Prozent am Weltbedarf — ist der Einsatz als Kiihl-
mittel (Abb. 2). Fliissiges Helium ist in vielen Féllen nahezu konkurrenzlos zum Erreichen sehr tiefer
Temperaturen (unterhalb von minus 200 Grad Celsius). Zwar haben Riickgewinnungsanlagen und
andere technische Entwicklungen den Verbrauch so gesenkt, dass modemne Systeme nur noch gele-
gentlich befiillt werden miissen. Trotzdem sind insbesondere Magnetresonanz-Tomographen (MRT)
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Helium,
heute noch
preiswert,
morgen rar
und kostbar.
Wir miissen
voraus-
schauender als bisher
damit umgehen.*

Wolfgang Sandner, Prasident der
Deutschen Physikalischen Gesellschaft
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Besides the control system there will be no test of the hardware of the system,
as components for 4K supercritical supply system are well understood and a
reliable design and manufacturing is state of the technology.

Exceptions may be done for sensors.

Cryogenic system - Testing
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SIS 100
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Cryogenic system — SIS100

f v During Operation:
[

/ v Suction pressure nearly constant
/ ‘ : M Ramping -> heat load -> required mass flow -> supply pressure will
- adapted

= dipal
o lew 7 Thermodynamic optim = | evaporation) q

For the design cycle (heat loads) the various components will be
connected and hydraulically adjusted by orifices at the supply side.

Vacuum chamber will be supplied by an separate line to

- adjust the mass, flow in stand py mo%e@
-increase the teMg@fd BN GIARE BRMmber.

The flow in the supply line is stabilized by an additionﬁr&ii valve
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Cryogenic system — SIS100

minmal pressure
- - = -minmal pressure
—— minmal pressure

QP DP

------- minmal pressure

'suction pressure'+0.1K

maximal pressure
- = = -maximal pressure .
maximal pressure
maximal pressure -~

X_out_magnet=1
X_out_magnet=1
X_out_magnet=1
X_out_magnet=1

2,0 -

1,8

1,6

1,4

supply pressure [bar]
at the feed box

1,2

1,0
0

heat load in dipole [W]

Dipole +
Quadrupole
100 Static dynamic
dipole 5 33,9
g.pole 4 19
correc. 0 5
vacu.Ch. 0 10,6
=5 1L
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Cryogenic system — SIS100

1.0
—=— 2.8 mdipole: measurerments 25-28 Dec. 2006

Critical mass flow rate

cycle 3c

stable operation
' I
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» _|::i S100 cycle _:'tll

£

Presure drop in the cooling channel, har

jiesy Phase separation

o ' 16 ' 26 30 ' 0

Total heat releases in the maagnet, W

To avoid phase separation the flow velocity has to be risen. (Baker diagram)
Therefore most cycles will be operated with a higher pressure head; the void
fraction at the magnet outlet will be much below 1.

The liquid phase in the return flow will be recycled into the supply line by an
ejector.
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Cryogenic system — SIS100

350

300

250 -

100 -

50

0

Cool down time : ~ 9 d (depending on the final cold mass)

Ine
- first supply and return 80 K as a feed 1
| return, than (below 100 K) normal flow regi

cooling the first magnet)

- magnet cooled by convection and conduction

, supply and r
. (avoids

0,0006 £

F)

© |=T_magnet [K]
0,0005
etlrs 4 Krag gy

la,,l)d)i.sgribution by

-+ 0,0003

-+ 0,0002

- the maximal mass flow available for cool down is given|
a) the pressure drop in the system (designed for 100(

—by:m

) g/s triangular cycle)

b) the availaple capling gapacity of e reffjgeraior ( ramp duty .5)

time [h]
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Supply line 44K

i 4.3 K
Return line 300 K
shield cooling 50-80 k

Helium transfer
lines

Cold electrical
connection
warm electrical
connection
Ring cryostat
QP cryostat

By-pass line
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Cryogenic system — SIS100 Feed box

Vaccum
barrier — —
i S
\_ED_‘E |_r\r\_ _rV\J LE:J 5
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Max. length of section of
insulation vacuum: 150 m
An each sector have to be
cooled down/ kept cold
independently

subcooler
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Cryogenic system — SIS100 End box

Positioner for valves with external
electronics

TTTTTT

Radiation
protection

Vaccum
barrier

By-pass line

[
by
D<H
B
D
Dt
D<+
D<H
<

To minimizes the feed-troughs no valve systems with
positioners with external potentiometer
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Cryogenic system — SIS100 By-pass line

Connection box

Cold arc QP QP

End caps:
Termination of the cold

QP QP

Feed out:
CWT

1 Feed out

Cold arc QP [ 1 Righthand version

1 magnetversion

Flipped Magnet version:
version CWT

section => CWT Transferring helium lines and Transfer of two QP bus
bus bars into the bypass line bars
Soldering of busbar Soldering of bus bar
connections connections
Support of pressurized tubes Feed trough of by-pass
(bends) lines
===
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Cryogenic system — SIS100 By-pass line

2.8.12.5 Cryogenic bypass line (including Bus Bars)

Cold arc QP —’:

By pass line
helium connection
bus bars

il Feedin [ 1 By-passline
QP QP QP Cold arc QP Vacuum barrier

[ 1 Feedin
Shorter version End box feed in
The maximum length of one Terminates helium  Supplies helium flow
continuous vacuum is ~150m.  flow Electrical supply
Each sector should be kept cold Cool-down/warm up and/or bus bar
independent. connections connection

=> with vacuum barrier Bus bar connection
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Cryogenic system — SIS100 By-pass line

Supercritical

helium line Vacuum external

envelope
Pair of bus bars

Thermal shield
Shield supply linext
Helium return line
' Helium supply line

Thermal shield
sliding support

; Sliding support
e of process pipes
4 and bus bars

Thermal shield Vacuum external
fixed support envelope
Thermal shield

Courtesy WRP
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Cryogenic system — SIS100 Testing 1 ? ”‘.

Component test and assembly test are required for:
- Bypass line including vacuum barrier with busbar system
- Electrical supply system

These test should consist from an individual component test and a system test
(at string test facility)

Feed box may be assumed as a reliable 4K design.
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SuperFRS

Yu Xiang
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Cryogenic Distribution for SC Magnets in the Super-
FRS

Multiplet (Toshiba concept design
2006)
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FCG prototype dipole
SI, IMP, IPP)

ﬁ

ryogenic feedbox for multiplet

~dm

“Given the time-scale and available | 74 R, S

resources, it would be preferable to 1

stay with proven technology (e.g. as s A "

used at MSU and RIKEN).”---- L helium distribution box

MiniTAC Magnet 05-2007, L. at beam branching \
—___ Bottura, T. Taylor, W. Erdt, F. Haug, area

D. Tommasini, ... 10th October 2011




Flow scheme of cryogenic feedbox for one multiplet s
one dipole stage
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management i
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/% for cooldown 50/~ 5 K

= \G_%PCVM-O (PT21) for two COOIdOWﬂ
! : _ b cooldown =50 K
FCV440 @
= A

pr| Feedbox for
ipole stage

- < _ flow streams at

- % 50 K and

=45K

j -T valve F 3 i [
L : J-T valve FCV210(FT10) / \ =
———— “during cooldown the phase separator
\@ 1y /‘ must be bypassed, first with shield flow,
% then by 4.5K.”---- Cryogenic Expert
ﬁ VSSU / y y g p

Meeting, 09-2007 , Laurent J. Tavian
Updated version of feedbox design (29-03-2011)

BN =N L
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Design reference: subcooler

box for HERA Lumi-upgrade at
NEQV 4LULl ULWIICI 22Ul




10th October 2011



Cryogenic interface to Super-FRS magnet cryostat

4.5 K return from magnets
DN 25 (33.7x2mm)

50 K forward for magnet thermal _ Jr e

shild DN 20 (26.9x2mm) —

\.

Sw | A
Vacuum vessel for interface/

port DN 200 (219.1x3mm)

4.5 K forward for magnets
DN 20 (26.9x2mm)

N Thermal shield for interface
port (OD 160x3mm)

80 K Return from magnet thermal
shield DN 20 (26.9x2mm)
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Interface to cryoplant (piping size as reference)

Testing

« Cryogenic — Magnet System Integration
Testing as pre - commisioning before series
production,

1. hardware facilities (transfer line, feedbox
and instrumentation);

2. software facilities (control and
communication system, evaluation of
safety protection system for magnet a
cryogenic facilities)

Warm piping for Super-FRS local cryogenics  Cryogenic transfer line for Super-FRS local cryogenics

Current leads cooling gas retum (concept 3, reference : Cryogenic Transfer Line for HERA at DESY)

line DN 40 (48.3x2mm)

O Vacuum vessel for transfer line 4.5 K Return for transfer

300 K warm helium supply DN 400 (406.4x3mm) _____ /lineDN65(76.1x2.3mm)
A --"'\-\-\_\___\_‘ f\‘\c"‘ e g\
line DN 40 (48.3x2mm) O \:f N\ 4.5 K Forward for transfer
Main purge line DN 65 ~ 7 ] line DN 40 (48.3x2mm)
(76.1x2.3mm) R'O |
4o I..
Cooldown - warmup and T 50 K forward ’//“’j
Quench gas return llnc\of \Q‘ DN 40 (48.3x2mm) A\ >
{ | . . P>
[ (DZ?lifﬁlm) | B 80 K Return for transfer
*, - “ Shield for transfer line line DN 40 (48.3x2mm)
*\ / DN 250 (273x3mm) 1.
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Requirements of cryogenic process flow for multiplet anel dlpplp
magnets testing y @ » , ...
44

Operation | Cooldown 4.5 K circuit Operation Cooldown 50 - 80 K circuit
Heat load list 45K JIOK-TOK S0to B0 K JOK-TOK
Multiplet Stage
two multiplet cryostat 17.2 178
one feedboy for wo multiplets 15.0 120
connection lines betwesn magnet cryostat and main part of feedbox 3.8 24
subtoial of multiplet group [W] 35.8 322.8
taking design facior 1.5 into account 87 484
evaporated liguid mass flow in subcooler '] 29
heliumn enthalpy before JT valve (5.3 K, 2.5 bar) [Jikg] 20280
vapor quality after JT (4.4 K, 1.2 bar) 047
required mass flow rate before JT at 5 K [g/s] 5.4
required mass flow rate at 50 K [g/s] 4.6
specified maximal mass flow rate during cooldown for valve sizing [0/s] J0g/s at 3.0 to 5.0 bar 30g/s at 18.0 to 17.0 bar
Dipole Stage
three dipole cryostat 204 134
one feedbax for three dipoles 15. 120
connection lines between magnet cryostat and main part of feedbox 27 13
subiotal of dipale group [W] 31 2724
taking design facior 1.5 into account 57.2 409
evaporated liguid mass flow in subzooler [g's] 3.0
heliurn enthalpy before JT vahee (5.3 K, 2.5 bar) [Jkg] 20280
vapor quality after JT (4.4 K, 1.2 bar) 047
required mass flow rate before JT at 5 K [g/s] ha
required mass flow rate at 50 K [g/s] 3.9
specified maximal mass flow rate during cooldown for valve sizing [g/s] J0g/s at 3.0 to 5.0 bar 30g/s at 18.0 to 17.0 bar
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Temperature [K]
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Temperature at point in iron yoke close to helium inlet [ K ]

Temperature at point 5 in Helium vessel close to helium

Temperature at point 3 in Helium channel close to helium inlet [ K ] Temperature at point 4 in Helium channel close to helium outlet [ K ]

= Temperature Difference of two points in iron [K]

Temperature at point in iron yoke close to upper pole [ K ]
inlet [ K] e TEMpPErature at point 6 in Helium vessel close to helium outlet [ K ]

Temperature Difference of two points in helium vessel [K]

10th October 2011

1] souseyp ainkedws |



f‘,peformation:bf iron'yoke after 34 hrs coo‘ia '
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