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? 47 Introduction: | 1 /| LAY D2y
#%”" Cryogenics Infrastructure for FAIR

O
Goals:
% SIS100 & SuperFRS for broad range of radioactive
i beams up to 1.5 GeV/u, and up to a factor 10000
in intensity over present
SIS 100 < Those beams demand strong magnetic fields

combined with large momentum acceptance and
thus apertures > SC Magnets

Crygenic Infrastructure for FAIR:

> 4
g

E Y | 0:~ 1 - 2 cryoplants (~ 25kW), CWU (LN2 based)
A = -7 CB2 » Distribution system
__Jae— 5 0:~ Local cryogenics SIS 100
pilowrss 'E p—" % Local cryogenics Super-FRS
1 — Super FRS % Experiment magnets: CBM, R3B, (Panda), APPA
- < Campus-wide Cryo-Control System (UNICOS
il )~ p ry ystem ( )
%ﬂ = and

arpall CB1/LN2] Challenges:
rE % Parallel operation of SIS100, SFRS, Experiments
% Large Dynamic Loads for SIS100; Large Cold-Mass

R3B EB

7 : / LHe Inventory of Super FRS
=» Long Cool-down / Warm-up times
0 » ‘Broad range’ of magnet types at SuperFRS
< % Little beam symmetry — many cwo components

= A
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A Super-FRS Cryogenics: g ‘;SC
- SFRS SC Magnets — Cryo-Relevant Properties

o
Superferric Dipole Magnets Short and Long Multiplets
ol N [ e il

Iron dominated, Warm iron, SC coil Iron dominated, Cold iron (x40 tons)
Aperture £190mm x £70mm Warm beam pipe (38 cm inner diameter)
Cold Mass: ~ 1.1 ton Cold Mass: up to 42 tons

LHe Volume: ~ 22 liters LHe Volume: up to 1300 liters

Heat Loads: 4.3 W /91 W/ 0.028 g/s Heat Loads: up to 15.4 W / 160 W/ 0.28 g/s
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*

% Lhe- Bath-cooled Magnets (Both Dipoles and Multiplets)

% Cooldown (1K/hr) using Gaseous Helium at ~ 12-18 bar(a) (Warm-Gas — Cold-Gas Mixing)
LHe Filling/Operation using SC Helium at ~ 3bar bar(a) + Joule-Thomson Valve
He-Vapour-Cooled Current Leads (300 A) at 1.3 bar (4.5 K — 300 K)

% Magnets along Super-FRS chain are supplied and cooled in parallel.

*

o
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Super-FRS Cryogenics:

SC-Magnet Cooling in a Nutshell

LAY D),

FAIR CRYOCENICS

Cold Supply (4.5K, 3 bar)

Cryo-Feedbox:

Th. Shield Supply (50K, 18 bar)

Pipes, Valves & Sensors

HP WG Supply (300 K, 18 bar)

J-T Valve

C/W G Return (5-300 K, 1.3-18 bar)| IS

CL WG Return (300 K, 1.3 bar)

Insulation Vacuum @ GHe (1.3 bar)

Cold Mass = Coils & Yoke

He-Vapour ' B
Cooled = Cryo
Current S Ports B

Leads

Thermal
Shield
(50-80 K)

Beam-Line (300 K) Vacuum

@

Liquid-Helium Bath (4.5 K)

Cryostat
300 K
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Super-FRS Cryogenics: !;S,,C
Layout / Routing of Helium Supply Piping

—— Cold He Transfer Line (Distribution System) Branch L
EEssmEEn Warm He Transfer Line (Distribution System) (|QW7energY) "
LN2 Transfer Line .—! =
.Q S

() He End-Feedbox

LN2 Storage Tank Distribution box (DB1) \‘?
&

CWU (cooldown-warmup-unit)

Distribution Box (DB2)

to/from

cryoplant
* o &

Branch Box

Branch H
Branch M Om_, (high-energy) (ring)
(pre & main) Local Branches ( , M, R, H, L, £):
- HP WG Supply
target 100m - Cold-Warm Gas Return
- Current-Leads WG return
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_##" Super-FRS Cryogenics:

FAIR CRYOCENICS

~ Local Cryogenics — Snapshots DMU 1 T

Long Multiplet

: wiN : |
connected to FB via 1S ; '_;.' = Bend before FRF2

Jumper Connection v LT, =N

-~
v
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" Super-FRS Cryogenics: g !;(Sy‘;(
~ Local Cryogenics — Snapshots DMU II

Focusing system [l | Fp "

Long Multiplet doublet 9 18

Long Multiplet singlet 4

Short Multiplet triplet 3

Short Multiplet quadruplet 4

11 Dipole triplet 3
9.75 Dipole triplet
EB Multiplet doublet

EB Dipole doublet

21

4
1
1
1
7
3
1
1

jll EB Dipole singlet
TOTAL
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L Cooldown of two long multiplets from 300 K to 80 K

FAIR CRYOCENICS

> 100 K

Y HeAT Multipurpose 9 — Warm multipurpose line {gue

Y _ He Purge Feturn 8 — Furge gas refurn line

Y _HeA'T Supply_6 — 300 K high pressure helium gas sup

300 K

_ME =

Y _HeATel Return 7 — Current Teads cooling gas relurmn Ti

4=

A

No. 1 :
300 Kto 80 K

'E

I
]

»“7 | i

Cooldown phase

Long MP Dublett, e.g., at FPF4

Y HeST Supply 4 — 50 K, 18 bar shicld cooling helium gas

Y HeLl'T Return 2 — 4.5 K, 1.1 bar helium vapor return
Y HeLTSc Supply 1 -—5 K. ~ 3 bar sunercritical helium s

.|
80 K helium precooled by LN2

=T

Y_HeST_Return_5 — Y. X| a ng, CSCY
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s Super-FRS Cryogenics: | (LY
v ~ Cooldown of two long multiplets from 80 K to 5 K 0
T gas return < 100 K

Y HeAT Multipurpose 9 — Warm multipurpose line {gque
Y _He Purge Ecturn ¥ — Purge gas return ling

l Y_HeAT Supply_ 6 — 300 K high pressure helium gas sup
| i Y_HeATel Return_7 — Current Teads cooling gas return 1i

300 K

. '_”1'] -

sy, EVEHD
b

e

Cooldown phase
No. 2 :

80 Kto5K

» 4

\ 4
il

i
.l.: |
i : ]
93 [ v
50 K e
, Y HeST Supply 4 — 50 K, 18 bar shicld cooling helium gas
Y Hel'T Return 2 — 4.5 K, 1.1 bar helium vapor return
Y HelTSc Supply 1 -—-5 K. ~ 3 bar sunercritical helium s

=~ 5 K
Y HeST Return 5 —

80IH(|| § -~~~ Y. Xiang, CSCY

w3
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, Super-FRS Cryogenics: | !;SC
~ LHe Filling and normal operation of two long multiplets

Y HeAT Multipurpose 9 — Warm multipurpose line {(que
Y _He Purge Feturn 8§ — Purge gas refurn ine

Y_HeAT Supply_6 — 300 K high pressure helium gas sup
| Y_HeATel Retuwrn_7 — Current Teads cooling gas return 13

.
a L

LHe filling at 4.5 K ;

Normal Operation -- 4.5 K
standby — normal quench
recovery

50 ko

-
<

] Ihzl5h 2
s IR L

Y HeST Supply 4 — 50 K, 18 bar shicld cooling helium gas
¥ _HeLl'T Return 2 — 4.5 K 1.1 har helium vapor return
1] Y HeLTSc Supply 1 - :al he

] Y HeST_EReturn_ 5—

80 KL | | Y. Xlang, CSCY
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. Super-FRS Cryogenics:

Summary 1: Cold Mass, LHe Inventory

LAY D

FAIR CRYOCENICS

o |z o
3= z Pre- and main-separator; R°B
&5 g - Sﬁwpa?:rr;izs Ring-branch; HE-branch; | experime El?a(gi sEl?a(gi
& g o | LE-branch up to DESPEC) nt P P
g
=] r z 5 s g Long Short | Quad-
8 T SC Dipole | Multi- Multi- GLAD D'pflf rupoles
2 % 3 3 =x magnets Dipole (30%) o
T 5 870 plet plet
T > % K e Number [] | 24 24 7 1 3 9
w3 " .i_ S
g; g 3 3 Total
= g S 5 Cold mass cold
§ o s o in individual 0 mass
2 ?{ % ,3. cryostats 1.1 42 15 21 2,7 22 without
_E S 3= [tons]
v g g
= g 3
& @ s ¥
7 § x 5 Sum of
2 = S s |2 cold mass
Z = 33 of all
é =3 magnets 26,4 1008 105 21 8.1 198
g T with same
type [tons]

Total
voltljrlwiz in LHe
individual | 50 | 1300 | 900 460 0 18 450 C'J.’t'ﬂfﬂ.‘i
cryostats

lit EB
llitres] [litres]
Sum of
LHe
volume of
all magnets 1200 31200 6300 460 54 4050
with same
type [litres]

For reasonable cooldown times (~2 weeks) of the 1100-1400 tons cold mass from 300
K to 80 K (40 K delta T of cooling flow) a LN2-based pre-cooler (CWU) is envisaged.
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. Super-FRS Cryogenics:

Summary 2: Cool-Down / Warm-Up Time

LAY D

FAIR CRYOCENICS

Three Cooldown Scenarios: Full Super-FRS, without EB, only HE Branch

Table 2: Cooldown ofthe Super-FRS machinefrom 300K to 5 K.

Cooldown scenarios

e

No.2

D

Table 4: Total cooldowntime includingthe liquid helium filling of the Super-FRS machine.

Cooldown scenarios

Cold mass in one

et

No.2

all Super-FRS
magnets including
EB

all Super-FRS magnets
without EB of 290 tons

all Super-FRS magnets
without Ring-, LE-

cooldown batch cold mass branch and EB
[tons] 1367 1076 689
Total Cooldown /—" —
time including LHe ( 34 27 17 )
filing [days] | ~~—— B

all Super-FRS all Super-FRS magnets | all Super-FRS magnets
Cold mass in one magnets including | without EB of 2980 tons without Ring-, LE-
cooldown batch cold mass branch and EB
[tons] 1367 1076 689
LN2-precooler Capacity (CWU) for cooldown of Super-FRS from 30
300 K to 80 K [kW]
Cooldown enthalpy
($5304) from 300 K 111.8 88.0 56.3
to 80 K [GJ] #
Cooldown time to——" . e
80 K [days] 16.2 12.8 8.2
e — __/
Available capacity from Cryoplant atZ"5 R TOT COOIAOWIT Of 7.0
Super-FRS from 80 K to 5 K [kW] i
Cooldown enthalpy
(S5304) from 80 K to 8,4 6,6 4,3
5KI[GJ]
Cooldown time _—" I
from 80 Kto 5 K< 13.9 10.9 7.0 L
[daYS] \ _/
Table 3: Liguid-helium filling of the Super-FRS machine
Cooldown Current leads
scenarios cooling flow 6.9
Available liquefaction capacity from 50 (100%) for full ’
Cryoplant [g/s current [g/s]
Liquid helium Current leads
volume to be 43264 36560 24410 o 9 41
filled [iitres] (60%) for zero
m— e — current [g/s]
) ~ N Vapor
Ii'l'l‘i‘negf‘[’; J‘y{ 4.1 3.4 2.3 Eﬁﬁfﬁﬁ IT 1 quality_after
o 7 JT1]
T_ScHe_befo F=Gete=oef
re JT K] 6.0 ore JT [bar] 4.0 1.30 0.68

FAIR Cryoplant Capacity:

CWU Power (300K-80K):

°Cryoplant Power (80K-4.5 K):
Cryoplant Liquefaction Rate:

Resulting Total Cooldown Time including

LHe Filling:

34 d

27 d

80 kW
7.0 kW
50 g/s

") FAIR CryoPlant preliminary specification
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4" Super-FRS Cryogenics:
- Summary 3: Total Heat Loads

LAY D

FAIR CRYOCENICS

45K

= Table 10: Total heat loads budget for the Super-FRS magnets and infrastructure.

Heat loads budget of Super-FRS
machine without EB

Static heat 50 Kto 80 K | Liquefaction 45K | 50 Kto 80 | Liquefaction
loads [W] [W] [a/s] [W] K [W] [a/s]
Magnet
cryostats 596 7487 519 6639
Local 6.5
cryogenic 796 2226 683 4465
distribution
7('
d Total 1391 12713 D 1202 11104
with
design
tactor of 2087 19069 10.3 1803 16656 9.7
1.5

For the full Super-FRS, we expect (static) operation loads onto the Cryo-
Plant(s) of about

1.4 kW @ 4.5 K,
13 kW @ 50 K—-80 K
6.9 g/s (Liquefaction)

Felix Wamers, CSCY@GSI
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™ Magnet-Testing @ CERN !;SC
- Overview

Super-FRS Multiplet and Dipole Magnets to be tested in B180 @ CERN, during 2017-2020

B180 Cryo-Infrastructure (currently being refurbished)
% ColdBox,, Lhe Dewar, 1+1 LN2 Precoolers, Distribution System, Controls
% Three test-stations for parallel operation of up to three magnets

' Strong involvement of CSCY in
SFRS Magnet Testing @ CERN

% Jumper-Connection Design
Study
% Cryo-Interface Specification

% Design & Procurement of three
JCs for SFRS Testing at CERN

A. Kosmicky (EN/MEF)
L. Stewart (TE/CRG)
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Magnet-Testing @ CERN:
Sizing of Thermal-Shield Safety Valves

A D

FAIR CRYOCENICS

Distance SVB to Magnet Axis: 2.5 m

Safety Valves for the Thermal-Shield Circuit

Cryo-Jumper between Magnets and CERN Feedboxes:
- Sizing and Pressure-Drop calculations
- Comply with EN 4126 and EU PED.
3 - Hazard Scenario: Loss of Insulation
§ ZV to bed Vacuum (5 kW/ m2)
s - Static and Dynamic (EcosimPro)
£ n Calculations.
2 Shiel_d:two parallel channels, > ~9 g/s peak mass-flow rate
Ve one inner, one outer > max. pressure within 110% limit (21.9
Z bara)
] - pressure drop along relief line > 3% PS
P E— »N’ SFRS Magnet Cryostat (Dipole/Multiplet) = 570 mbar
shieidsupply |-l loor - Redesign Dipole Shield-Circuit and/or
' extra SV at SVBs in B180 @ CERN
CHm) 22': -Pressure at SV

Pipe_Jumper_retum

Sink_3Y

%smety\/a»e SVE

Pipe_: S\/E _retum

SR REEr
% _o o —o[IITD

(]
Saource_B130 Helium

Pipe_Jumper_supply  pv_2

Pipe_SVE_supply

o
| DV_3 l
20+
n:l:m-o—ogg}&—r = ]

-Pressure at End of Piping

5} 21 N L
Pipe_tagnet 1
0,07 Axis Y1: Axis Y2: [ 14
Mass Flow - SV Opening L1z
(3] 1 0,008
g 19 7] 1 ‘\ L10
1 0,006+ ~—— -
1 g™ T~ -
] = ] — T le <
184 0.004 | v
— S
1 ] —— |4
] 0,002 T — )
17 1
] 05 ; -0
] 3} 5 0 20 25
i TIME
16 B T T T T T 1
0 5 10 15 20 25
TIME
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" Magnet-Testing @ CERN: | R4 !;SC
DeS|gn Study for the Cryo-Jumpers Connections 0

Cryogenic interface at multiplet/dipole cryostat side (5 headers, view from feedbox side)

Space reserved for vacuum barrier 15.0 5.0 50 K forward for magnet thermal shield
/ DN25 (0D 33.7 x 2.6 mm)
N 80 K return for magnet thermal shield

DN25 (0D 33.7 x 2.6 mm)

4.5 K return from magnets

DN65 (0D 76.1 x 2.9 mm) \

Thermal shield for interface

port (330 x 3 mm) —

Cooldown line for magnets

DN25 (0D 33.7 x 2.6 mm) ————— oy
—— DN25 (OD 33.7 x 2.6 mm)

Yacuum vessel DN 400 / DN400 1SO LF flange (OD 450 mm) for

(0D 406.4 x 5 mm) ’ DN 400 vacuum vessel

4.5 K filling / refilling line for magnels

Super-FRS Beam direction

i

Option 2 for the design study of the supports and the compensations of the cryo-Jumper | G 0a I S f or th e eXt erna I St u d y at C ry Ot h erm:

(Connection (JC) between magnet cryostat and feedbox

e T — o] | Suggest a JL Design fulfilling the desired
L}__L mechanical, hydraulic, and thermal specs:
f Hr—  +/-20 mm installation tolerance
oarter (VB e * minimize forces on cold mass and FB
: * keep heat in-leaks low enough

* keep pressure drop (cool-down) low enough
* coupling and dimensioning of the cryostat (and
shield-lines) safety valves

—= ] — = - =
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B SO

FAIR CRYOCENICS

~ Cryo-Interface Design Study

.
|| P
n 2
in -

LI

7

Design Study by Cryotherm Company:

feed box (similar to KIT, Fermilab)

1

.| * Design of Jumper-Line as such until vacuum barrier to

e Suggestion of two different options in terms of
alignment and shrinkage compensation via hoses

1 e Concept for process lines and SV line in cryostat

— ¢ Calculation/estimation of reaction forces onto cold mass
during cool-down and feedbox due to loss of vacuum

* Pressure drop and heat in-leak calculations

e Sizing for LHe-vessel and shield-line safety valves

[ 11 I [T T

Felix Wamers,

\,

CSCY@GSI
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##* Magnet-Testing @ CERN:

Zf;ﬂﬁ_gry_@-lnterface_D_eﬁ nition

FAIR CRYCCENIC

@
.

Definition of Magnet-Cryo Interface via Fixed Reference Points on Floor

View From Top View From Side
X = ﬁz (%, i z1) = (x, Vi)o)'_) (The X; still need to be agreed with CERN)
X = Ri = (rx,i: ry,iu rz,i = Xi + Ai

= (x+8,, Yi+dy,;, zi+8,).

é = Kl>= (Sx,il 8y,i1 Sz,i)'

Floor B180 (z=0)

. v
X X

3 5= e ——
- Felix Wamers, CSCY@GSI - NUSTAR Week 2015, Warsaw, Poland, 27 September —ibeetobleQﬁS




Magnet-Testing @ CERN: | (LY
Cryo-Interface Change Request

26.06.2015: CERN-GSI Collaboration Committee Meeting

- PDR (and documents) for SFRS multiplets not before end 2015
-> Definition (Fixing) of magnet-cryo interface at the moment too risky / not possible
- Change Request for moving the interface to the jumper-feedbox connection

Consequences:

- The interface Feedbox (CERN) to
Jumper (GSI) needs to be fixed

- The Magnet Cryo Connections
(flanges, piping) need to be fixed

- GSI (CSCY) will procure the
jumpers and ship them to CERN
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. * PSP 2.4.12 — Super-FRS Local Cryogenics ‘;SC
“  “Project Cockpit” (2005)

12.4.12 Cryogenics (Local)

12.4.12.1 Helium distribution box 1
12.4.12.2 Feedbox (without end-box integrated) for dipole stages 8 + 2 (EB*)
12.4.12.3 Feedboxes for Multiplet stages 15 + 3 (EB)
12.4.12.3.1 Feedbox (without end-hox integrated) for multiplet stages 8 + 1 (EB)
2.4.12.3.2 Feedbox (with end-box integrated) for multiplet stages 7 + 2 (EB)
2.4.12.4 Cryogenic transfer line in sections [m] S— ~/5 M
2.4.12.5 Warm helium/quench gas retumn plplng m] 3x (340 + 60 (EB)) m
12.4.12.6 Safety valves For each FB, BB, HPWG supply
2.4.12.7 Instrumentation setups ror eacn Fb: 56 + & (EB) UNItS
2.4.12.8 Feedbox control system ror €ach Fb: 56 + ¢ (EBJNHRILS

*The EB is NOT part of the Modularised Start Version (MSV). It is NOT part of the WrUT In-Kind.
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#™ PSP 2.4.12 — Super-FRS Local Cryogenics
- Current Scope & Priorities

LAY D

FAIR CRYOCENICS

Feedboxes Multiplets

2 Feedboxes Dipoles
Nl Helium Distribution
Box

All Feedboxes (FB), including
the Jumper-Connections (JC)
to the Magnets

Includes parts of
.6 (Safety Valves),
.7 (Instrumentation
Setups), and
.8 (Feedbox Control
System)

Branch Box (BB) Includes parts of
(connection between main .6,
and SFRS branches and DB1) .7, and

Felix Wamers, CSCY@GSI
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s f;r~,‘5 PSP 2.4.12 — Super-FRS Local Cryogenics 4 ‘;SC
#Y"  Milestones & Suggested Scheduling -

2015 2016 2017 2018 2019 2020 2021
TODAY ‘

Approval Specifications
(EDMS)

Sign In-kind Contracts
FDR
Fabrication & FAT

Shipment & Storage

SFRS Building Ready for
Installations

Installation & SAT
(Commiss. w.o. Beam)

Commissioning without
Beam Finished

Commissioning with
Beam

. ' —— e v SRS B,
~ Felix Wamers, CSCY@GSI NUSTAR Week 2015, Warsaw, Poland, 27 September — 1 October 2015 ‘W}mﬁ’ﬁq



Conclusions LAY D),

FAIR CRYOCENICS

Summary
% Super-FRS Local Cryogenics: Working Principle & Design
% Magnet Properties
% Cooldown&Operation Principles
% Integral Machine Characteristics
% Super-FRS Magnet-Testing @ CERN
% Jumper-Connection and Cryo-Interface
% Safety Valves
% Magnets’ Thermal-Shield Piping Design
% Super-FRS Local Cryogenics: Schedule and Planning
% Contents of WP 2.4.12
% Suggestions for Milestones and Planning

Outlook
»» Fruitful Collaboration with our WrUT In-Kind Partners!
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