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Wroctaw University of Technology
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‘Employees
Academicians — 1921
Administration — 2185 All: 4106

*Students 32800

*Degree programmes
Bachelor of Sc. — 13, Master of Sc. — 25, PhD - 17
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Wroclaw University of technology - 12 Faculties

Faculty of Architecture

Faculty of Civil Engineering
Faculty of Chemistry
Faculty of Electronics ~ og 0o

Faculty of Electrical Engineering

Faculty of Geoengineering, Mining and Geology

Faculty of Environmental Engineering

Faculty of Computer Science and Management
Faculty of Mechanical and Power Engineering
Faculty of Mechanical Engineering

Faculty of Fundamental Problems of Technology

Faculty of Microsystem Electronics and Photonics




-

gg Wroctaw University of Technology

Main topics of competence in

cryogenics

 Thermodynamic studies of cryogenic systems

Design and commissioning of cryogenic installations including gas
liquefiers

Risk and safety analysis of cryogenic systems
Reception tests of cryogenic installations
Pressure and helium tightness tests of cryogenic equipments

Transfer lines and cryostats (including superfluid helium cryostats)
designs and studies

Modeling and experimental investigation
of cryogenic thermal insulation

Numerical investigation of cryogenic phenomena
Cryogenic technologies for medical applications

New materials in cryogenics

Modelling of the dynamics of high order inertia systems
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Superfluid helium cryostat

designs and studies

Next European Dipol cryostat
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Internal radiation
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Superfluid helium cryostat
designs and studies

The cryostat in the CARE-NED
experimental set-up in CEA Saclay,

10 12 14 Time, h 16 18 20

1 - Cryostat NED 4 — Pumping and recovery line : :
2 —Cryostat insert  5—Liquid helium dewar Temperatute evolution during

3 — Instrumentation the first cryostat cool-down
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Risk and safety analysis

of cryogenic systems

Test set-up

Air

Measurement results
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Reception tests
of cryogenic systems

Some members of WUT cryogenic The LHC Cryogenic Distribution Line during
grup in the LHC tunnel the reception tests in sector 8-1
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Safe operation of
cryogenic systems

o
.-\wm p/ ////”

Mechanical break of warm vacuum
vessel

Fast degradation of vacuum insulation

with air Underestimation of heat
Intensive heat flow to the cryogen fl he heli d
Magnet quench (optionally) ux to the nelium cause
Pressure increase of the cryogen serious damage of the
Opening of the safety valve !

Cryogen discharge through the safety LHC accelerator in 2008

valve
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Large Hadron Collider accident - faulty
electrical joint of two superconductors

No electrical contact between wedge and U-profile No bonding at joint with the

with the bus on at least 1 side of the joint U-profile and the wedge ThermOdynamlc m0d6|

3xQV 2XSV
psetzfgba Psei=1,07b Vacuum vessel Thermal shield Cold mass
r ar J / /

{ * qRateQuench /J

Figure 7: Model of resistive joint in bus bar
with bad electrical and thermal contact with the stabilizer
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EUROPEAN
SPALLATION
SOURCE

The European Spallation Source
Call for Expressions of Interest Response Form
The following form is provided for your convenience to assist in responding.

Organisation Name: Wroclaw University of Technology

Address: Wybrzeze Wyspianskiego 27, 50-370 Wroctaw, Poland

Contact Person: Prof. Maciej Chorowski

Email: Maciej.Chorowski@pwr.wroc.pl

Telephone: +48695350487

1. Has your organisation already had cooperation with the European Spallation Source? YES / NO

2. Has your organisation already discussed contributing to ESS with your relevant funding agencies or
ESS Steering Committee representative? YES / NO

3. Please briefly describe your organisation and experience with projects similar to the contribution(s)
you are proposing, including relevant in-kind contributions. Please include any publications or
references you feel are relevant:

Wroclaw University of Technology (WrUT) is a leading Polish technical university with excellent
competencies in mechanical and thermal engineering including cryogenics. The University is
composed of 12 faculties including Mechanical and Power Engineering Faculty and Mechanical Faculty.
The cryogenic group from the Faculty of Mechanical and Power Engineering has cooperated with
international laboratories and organizations since 1998. The main topics of collaborations are: risk
analysis of cryogenic systems (performed for the LHC, ITER, XFEL and other projects),
thermohydraulics of magnet resistive transitions, superfluid He II cryogenic systems and heat transfer,
design and commissioning of complex helium transfer lines and cryostats. Wroclaw University of
Technology contributed the XFEL free electron laser construction with the in-kind supply of four
process pipes helium transfer line XATC1 and two vertical He II cryostats XATC1 and XATC2 with
transfer lines. The responsibility of WrUT was conceptual and technical design of the items,
production supervision, instrumentation and control loops installation, and reception tests (both
factory and final).The other works relevant for a potential contribution to ESS were:
thermomechanical analysis of ITER helium transfer lines and storage system, thermo-mechanical
analysis of LHC helium storage tanks, construction and commissioning of various He II cryostats
(commissioned e.g. at CEA Saclay).

European Spallation Source ESS AB
Visiting address: ESS, Tunavagen 24
P.O. Box 176

SE-221 00 Lund

SWEDEN
WWW,ESS5.5€

4. Work Package(s) - Please indicate which work package(s) your organisation is interested in
contributing to

Would your organisation like to contribute to the

WBS Code WBS Name package in total or in part? Please write “total”, or if
in part, please describe your proposed contribution.
ACCSYS.11 Cryogenics We would like to contribute to development of an

integrated Helium Gas Management System. The
proposed contribution comprises a conceptual and
detailed design for an integrated Helium gas
management system including connections to the
Accelerator and Test & Instruments cryoplants,
Accelerator Distribution system, recovery system for
helium used in the neutron instruments (including
piping, recovery compressor, storage etc.), gas
storage tanks, helium purifier (including a low
temperature stage) and instrumentation for
determining helium purity. Based on the detailed
design, we would like to produce, install and
commission all system equipment at the ESS site in
Lund.

We would also like to contribute to the risk analysis
of the ESS cryogenic system.

ACCSYS.11.5 | Cryogenic
Distribution

We would like to contribute to the package in total.

5. Please provide any additional information you think is relevant for evaluating your organisation’s
proposed in-kind contributions:



ESS Crgogenic Sgstﬁm

ESS Cryogenic System
Block Diagram

C

Transfer Line
+
1 valve box
+
4 auxiliary
process lines

Transfer Line
+
Distribution Line
comprising 43 Valve Boxes

and 1 End Box
+

4 auxiliary process lines



Linac CD5 —function and layouts ﬁ seaLATIN
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Linac Cryogenic Distribution System (L-CDS)

Layout

Cryogenic Distribution Line (310 m)

Cryogenic e
/ comprising 43 valve boxes

Transfer
Line (75 m)

Auxiliary process lines

Endbox
Splitting

box

43 branch cryolines

s

= Cryogenic
== Iransfer Line

Auxiliary

/process lines

Cryogenic Distribution Line
with valve boxes
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~30elliptical cryomodules 13 spoke cryomodules

Two main cryogenic circuits:
- thermal shield circuit (TS supply and TS return lines)
- cold helium circuit (Helium supply and VLP lines)



Linac CD5 isometric Scon

Auxiliary process
lines

Jumper
connection

Valve box

Cryoline

Cryomodules
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Example of WUT in-kind

contribution - transfer line and
i”‘/ vertical cryostats for the XFEL
AMTF hall at DESY site,
Hamburg

KrioSystem”



Wroclaw University of Technology is responsible for design,
manufacturing, transportation and installation of the cryogenic transfer
line XATL1 and two vertical cryostats XATC1/2 together with their

connection cryolines XATL6/7.

XA—XFEL AMTF
TL—Transfer Line
ST—Storage Tank
TC—Test Cryostat
SB——Subcooler Box
VB—Valve Box
TB—Test Bench

Sub-system 1

XATL3 XATL4 XATLS
17m 30m S0 m
XATB1 XATB2| XATB 3|
T v T
I I I
g L A 1
1

Sub-system 2

Layout of the Accelerator Module Test Facility

________________________________________________________________________
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@l Design of the XATL1 cryoline

Axial compensator . elbows 90°

Axial compensator

Bow 150° ML_5

_'.\.('.L-.-‘g 11 x linear modules (13 m)
1 x bow 150° (6,5m + 1,5m)
1 x elbow 90° (2,5m + 3,7 m)
1 x elbow 90° (2,0m + 3,2 m)
1 x elbow90° (2,0m + 2,7 m)

intota: ~167 m

Thermal shield return line

External envelope / (SS1.4306, @48.3x2)

Vi
(SS1.4301, @406.4x4.78)\// /

Thermal shield supply line

SHe supply line (SS1.4306, 48.3x2)

(SS1.4306, @88.9x2.3)

GHe return line
(SS1.4306, (788.9x2.3)

Radiation shield
(AW6060, &300x4)
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=l Production of the XATL1 modules

Chosen phases of the manufacturing and assambly of the linear modules
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Installation of the XATL1

cryogenic
transfer line
XATLA

‘ ryoplant
Hall

Schematic location of the crygenic transfer line XATLI on the bridge
between cryoplant hall and XFEL/AMTF hall

Installation of the XATLI1 included
precise positioning, high-quality welding
works, wrapping superinsulations in the
16 module interconnections




AMTF Transferleitung

aarx 4,5 K Voriauf

smx 4.5 K Rocklauf

unx 40 K Schilavoriauf “ser

o " ax 80 K Schildrocklauf anr

Vabaw
EE

Vatoe I
Vooe |

The first cool down of the cryogenic transfer line XATL1 to
the nominal temperatures was succesfully carried out in August 2012
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AMTF Hall cryogenic structure

XATL1 150 m

- XATLS
. 8m

XATL3 XATL4 XATLA
17 m 30m 50 m

XA—XFEL AMTF
TL—Transfer Line
ST—Storage Tank
TC—Test Cryostat
SB—Subcooler Box N
VB—Valve Box X : J
TB—Test Bench . NET——

XATB1 XATB2 XATB3

To 300 K helium c%mpressor suction

Sub-system 1 Sub-system 2
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XATCs cryostats layout at AMTF Hall

DN250 Buffer 1 Warm-up line 2 |
. e ey DN250 Buffer 2 i :

a Warm-up line 1 © : -
Tl R ] — = : ' LHe transfer line

LHe transfer Sai. _ = AIIL?.._._
=,

line XATL6 [ . : ' )y Lt -
= 3 Pressure relief 2

LHe Storage
ta

Sub-cooler
box

XATC1 cryostat XATC2 cryostat FE= = =
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XATC cryostats conceptual design

Sub-atmospheric pressure manifold (SM>30 mbar 300K

Nitrogen manifold (NM)3bar 300K Insert Top Plate

High pressure manifold (HM) 8:l6boar 300K

Low pressure manifold (LM>1,1+1,3bar 300K

AMTFE hall outside

AMTE  hall
M

Vacuum
port
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Thermo-mechanical calculation of XATC
cryostat structure
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Design and thermodynamic optimization of the

Low Pressure Heat Exchanger (LPHE)

Entropy stream, W/K
w B
(@] o

N
o

10

S totlal
S(AT)
S(Ap_SHe)
S(Ap_Hell)
S(h)

[/

S total Min

T

10 15

20

Coils turns number

25

30

35

40
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LPHE double coil after installation

Fully assembled LPHE
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XATC cryostats production

KrioSystem*
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WROCLAW
TECHNOLOGY
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XATL 6/7 thermo-mechanical calculation

KrioSystem*

RESULTS: 3- B.C. 1,STRESS_3,TEST
STRESS - VON MISES MIN: 2.48E-02 MAX: 4.17E+01

- w L Jml o DEFORMATION: 1- B.C. 1,DISPLACEMENT_1,TEST
T ————— DISPLACEMENT - WAG MIN: 0.00E+00 MAX: 4,99E+00 VALUE OPTION:ACTUAL
FRAME OF REF: PART SHELL SURFACE: BOTTOM
4.170+01,
3.750+01
t sort for B e
BF
A3 3.340401
1o subcooter
T6- subcooter 2.920+011
PP_80K - process pipe DN15, temp. 80K c
PP_40K - process pipe DN15, temp. 40K 2.500+010]
PP_5K_S - process pipe DN25, temp. 5K, supply
PP_5K_R - process pipe DN25 temp. 5K, return
TS - Thermal shield 2.090+01]
VS - Vacuum shield
G-XATC2
Supports: 1.670+01
A - fixed support of PP_40K, PP_5K_S, PP_5K_R to TS
B - sliding support of PP_40K, PP_5K_S, PP_5K_Rto TS
C - fixed support of TS to VS 1.250+01f
ding support of TS to VS
E - fixed support of PP_80K to TS
F - sliding support of PP_80K to TS 2. 360401
G - fixed support of VS and all PP (vacuum barrier)
H - vertical support of VS
- - - — 4 4.19040
Fig. 5. Kinematic support system for XATL6&7 cryogenic lines. G- XATCL
RESULTS: 7- B.C. 2,STRESS_7,DESIGN - ' T 2.48D-02
STRESS - VON MISES MIN: 1.55E-01 MAX: 9.52E+01
DEFORMATION: 5- B.C. 2,DISPLACEMENT_S,DESIGN
DISPLACEMENT - MAG MIN: 8.64E-02 MAX: 3.54E+01 VALUE OPTION:/
FRAME OF REF: PART SHELL SURFACE: E
9.521
8.571
7.621
6.671
5.721
4.771
3.821
2.871
1.921
9.66!

1.551
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XATL 6/7 production
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XATC1 - first cool down to superfluid
8 helium conditions

Plotting Data
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XATC1 cool down characteristic Temperature stabilisation in

the XATC1 helium vessel
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WUT is ready to start design work of the ESS cryodistribution system

First stage:

Scope

1. Verification of the ESS cryogenic distribution system layouts and PIDs for all
the operation modes.

2. Sizing of the process and control components (process pipes, control valves,
check valves, safety valves, etc.).

3. Mechanical and thermal design of Linac Cryogenic Transfer Line including
Splitting Box (L-CTL).

4. Mechanical and thermal design of Linac Cryogenic Distribution Line including
Valve Boxes and End Box (L-CDL).

5. Mechanical and thermal design of Test Stand Cryogenic Distribution System
including Test Stand Valve Box (TS-CDS).

6. Development of the complete detailed design and production documentation
In conformance with all applicable European directives and standards (e.g.:
PED97/23/ EC and EN13480).



