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£ESS Crgogenic System

ESS Cryogenic System
Block Diagram

Transfer Line (50 m)
+

Distribution Line (305 m)

43 valve boxes
43 branch lines
261 cryogenic valves

4 cold process lines
3 warm process lines



Function and lagout of the Linac CDS

Cryogenic Distribution System for the ESS Linear Accelerator is dedicated for delivering
the cooling power from the linac cryoplant to the accelerator cryomodules
by means of the constant flows of supercritical and cold gaseous helium.

Layout of the cryodistribution system for the Optimus linac

Linac
Cryoplant

Cryogenic Transfer

Line (50 m)
Cryogenic Distribution Line
(305 m) Endbox
21 High Beta 9 Medium Beta 13 Spoke
Cryomodules Cryomodules Cryomodules

(174 m) (75 m) (54 m)



Function and lagout of the Linac CDS

However, it is considered to install additionally 14 contingent cryomodules. Then these
additional modules will be served by another cryogenic distribution line.

Layout of the cryodistribution system for the Optimus linac
with the design contingency

Linac
Cryoplant
Cryogenic Transfer
Cryogenic Line (50 m)
Distribution Line Cryogenic Distribution Line
Endbox (116 m) Splitting box (305 m) Endbox
14 High Beta 21 High Beta 9 Medium Beta 13 Spoke
Cryomodules Cryomodules Cryomodules Cryomodules

(Contingency, 116 m) (174 m) (75 m) (54 m)
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| inac CDS flow scheme soarion

Flow scheme of the cryodistribution system
for the Optimus linac
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Elliptical cryomodules Spoke cryomodules
Two main circuits:
- thermal shield circuit (TS supply and TS return lines)
- cold helium circuit (Helium supply and VLP lines)
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Flow scheme of the cryodistribution system

for the Optimus linac with the design
§ § 2 % contingency
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Elliptical cryomodules Spoke cryomodules
Two main circuits:
- thermal shield circuit (TS supply and TS return lines)
- cold helium circuit (Helium supply and VLP lines)



Linac CDS boundaries and interfaces

f C
th;i:yaOC;atﬁt Layout of the cryodistribution system

L for the Optimus linac

Cryogenic
Transfer Line Cryogenic Distribution Line
(50 m) with 43 valve boxes

and 43 jumper connections (305 m) Endbox

\ J | J

| |
30 interfaces to the cryomodules 13 interfaces to
with elliptical cavities the cryomodules

with spoke cavities

Main interfaces with the ESS work packages and systems

WP4 Spoke cavities and cryomodules WP12 Vacuum
WP5 Elliptical SFR inc. cryomodules WP13 Safety and availability
WP9 Installation Control system

WP11.2 Accelerator cryoplant Buildings (accelerator and cryoplant)
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Warm lines

Jumper

Cryoline

Cryomodules
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| inac CDS isometric

Warm lines

Jumper
connection

Valve box

Cryoline

Modular structure
of the cryogenic
distribution line



| inac CDS side and top view

Warm lines

Warm lines

Jumpe_r Cryoline
connection

Cryomodule



Linac CDS front view
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Linac CDS -~ position in the tunnel
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Linac CDS - Crgomodule corosean

interface speciﬁcation

Interface sheet has to describe as follows:
- precise location of the interface plane center (x, vy, z)
- vacuum jacket diameter and wall thickness
- diameters and wall thicknesses of the process pipes
- thermal shield diameter and fixation points
- materials (pipes, thermal shield)
- cross sections for both sides
- maximum allowable dislocation tolerances (Ax, Ay, Az)
- maximum allowable angle tolerances (a,, a,, a,)
- maximum acceptable forces (F,, F,, F,)
- maximum acceptable moments (M,, M,, M,)



Linac CDS - Crgomodule

interface speciﬁcation

Specification of the mechanical loads:

1.

Specification of the max. allowable dislocations
(for installation adjustment)
Ax=%20mm |
Ay =120 mm example
values
Az= £5mm

Mechanical and thermo-mechanical analysis
maximum allowable dislocations
+ production assembly tolerances
+ maximum displacements (at the worse
operation or failure mode conditions)

Determination of maximum acceptable forces and moments
F,.=+500N -500 N M, =+239 Nm -239 Nm
F,=+3013N -3013 N M, =+ 143 Nm -143 Nm :|»
F,=+606 N -606 N M,=+165Nm -165 Nm

results based
on example
values
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Helium recovery line, 1.05-1.3 bar, 80-300 K

Prototy pe valvebox

Purge return line

HP line, 10 bar, 300 K

TS supply, 40 K, 19.5 bar

TS return, 50 K, 19 bar

He supply, 4.5 K, 3 bar

VLP line, 4K, 27 mbar

Cryogenic
transfer line

Vacuum barrier

Interface to
the cryomodule

Jumper
== connection
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Conclusions and open Issues ‘)




