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Tuner Motor

N\

' High-power RF Input Port

©Rey. Hori

Tuner

Superconducting RF Cavity
HOM Damper

Helium Tank




80K Thermal Shield

5K Thermal Shield

Gas Return Pipe
(GRP)

Superconducting RF Cavity ol .
(Helium Vessel Not Shown) ’ : ‘ ©Rey. Horl

2K Superfluid Helium Supply Pipe
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Support post Vacuum vessel

Helium tank gas-cooled 1.3 GHz cavity
(sectioned) sc quadrupole
(not shown)

Type-A : 9-cell cavities x 9

Type-B : 9-cell cavities x 8 +
superconducting quadrupole magnet x 1

Cited from ILC-TDR ‘
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Gas Return Pipe Support Posts

Superconducting RF Cavities Superconducting Quadrupole Magnet




Cryo-string (12 cryomodules, ~154 m; / LineF

VAVAVAVAVAVAVAVAVAV, VAN VAVAVA VAV AN =
I ' Line E
A A A A O A A A AAA,’I’AA _ A

Line D

(80 K, 1.8 MPa)
(
ZAVAVAVAVAV VAV Ve vava ravavavilla v N = (8 K, 0.5 MPa)
(
(

40 K, 2 MPa)

[ I
. , I Line C
A 4144101111 AAAI/I/A Iy 1 (©K 0.55 MPa)

Line A

CD D

2.2 K, 0.12 MPa)

JITIRTTTT | thee

L L L
TR T N 1 ;
Two-phase Header \I . (Pumping Return)

TR

/ H
| Cryomodule Slope
\

A Coupler & Adsorber Current Lead D 9 Cell Cavity I Quadrupole

Heat Intercepts ¢ Heat Intercepts

Sensor Sensor

Temperature SC Level Screens
@™ Heater @ @) AA
H

or Shields ’
Cited from ILC-TDR
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300mm 2K Helium
Gas Return Pipe

warm up /
cool down

80K return

8K return

Input power
coupler

40K supply
2K 2-phase
2K 2-phase pipe
2K helium gas return pipe
5K supply line
8K return line
(5K thermal radiation shield)
40K supply line (80K supply)
80K return line
(40K thermal radiation shield)

Cited from ILC-TDR .
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ML unit

Cryo string (long)

Cryo unit (standard)

37.956

without with without
quad quad quad
| 12.652 | 12.652 | 12.652 |
3 cryomodules

N J
Y

ML unit ML unit ML unit ML unit end box

| 37956 | 37.956 | 37.956 | 37.956 | 2.500

12 cryomodule modules plus string end box

154.324

Y
service

box end string string string

‘/
s

Short string is 3 ML units
Length=  116.368

service warm
string box end section
7.700

1 cryogenic unit = 13 strings x 4 ML units/string = 52 ML units
with string end boxes plus service boxes

Cited from ILC-TDR .




KCS Cryogenic Plant Arrangement

Electron Linac Positron Linac
> <

Damping ring wigglers and RF

DKS Cryogenic Plant Arrangement - -_l:z/ Warm helium piping from
Mountainous Topography - \ central compressor station

Final focus Main linac
\ 5 GeV booster
Small 2 K and 4.5 K cryoplants Detector cryogenics
Large 2 K cryoplants Undulators
Helium compressor stations
Cryogenic distribution boxes
1.3 GHz cryomodule strings

Other SRF (damping ring and crab cavities)
Superconducting magnets (wigglers, undulators, final focus) Cited from ILC-TDR ‘
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Predicted module static heat load
Predicted module dynamic heat load
Number of cryomodules per cryogenic unit
Non-module heat load per cryo unit

Total predicted heat per cryogenic unit
Efficiency (fraction Carnot)

Efficiency in Watts/Watt

Overall net cryogenic capacity multiplier
Heat load per cryogenic unit including multiplier
Installed power

Installed 4.5 K equiv

Percent of total power at each level

(W/module)
(W/module)

(kW)
(kw)

(W/W)
(kW)

(kw)
(kw)

75.04
58.80
156 / 189
0.7 /1.1
21.58 / 26.40
0.28
16.45
1.54
33.23 / 40.65
547 /669
2.50 / 3.05
0.16

Total operating power for one cryo unit based on predicted heat (MW)

Total installed power for one cryo unit (MW)
Total installed 4.5 K equivalent power for one cryo unit (kW)

10.82
5.05
156 / 189
0.14 / 0.22
2.61 / 3.22
0.24
197.94
1.54
4.03 / 4.96
797/981
3.64 / 4.48
0.24

2.63 / 3.24
3.37 / 4.16

15.40 /(19.01)

1.32
9.79
156 / 189
0.14 / 0.22
1.87
0.2
702.98
1.54
2.88 / 3.57
2028 / 2511
9.26 / 11.47
0.60

flat / mountain topographies

Cited from ILC-TDR
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SC 2K Ref. 4K Ref. Helium Gas Cooling

Cavities Cold Box Cold Box Compressor Tower

2K Transfer Line 4K Transfer Line Helium Gas Cooling Water
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Vertical transfer line

LIN storage

Distribution line
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Component

Dimensions

Specification

4K Helium Liquefiers/
Refrigerators

20mx8 m

18 kW @ 4.5 K

Main Compressors

I5mx12m

1500 g/s

2K Superfluid Helium
Refrigerators

10mx8m

2.4 kW @ 1.8K

Recovery Compressors

emx66m

None at LHC

Liquid Helium Storage
Tanks

P3.5mx21m

110000 L

Helium Gas Storage Tanks

30mx16m

250 m3

Liquid Nitrogen Storage
Tanks

1I0mx5m

50000 L

Cooling Towers

40mx22.5m

SF1
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mailto:25kW@4.5K
mailto:25kW@4.5K
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Helium
(liquid liters  Tevatron LHC
Volumes modules  equivalent) Equiv. Equiv.

1 346

4153 0.07
3115 0.05

One module

String (flat)
String (mountainous)

Cryogenic unit (mountainous) 189 65 400 1.1 0.065

1825 632 000 10.5 0.63

Cryogenic unit (flat) | 156 54000 0.9 0.054

ILC Main Linacs

Cited from ILC-TDR EI IE
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BAEAN) O LG BIBERE © 650,000 |
/. AR
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BAEAAN)O L | L = ANYVILADR 0.7 Nmd
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Modified from K. Hosoyama, International Workshop on Linear Colliders 2010 ;B"




Liquid helium lines
Helium gas lines

On Surface = Liquid nitrogen lines
Water lines

In Tunnel
(Cryogenic Cavern)

4.5K & 2K
Refrigerator
Cold Box

Al A A

4.5K & 2K
Warm
Compressors

f

MP Helium HP
Gas Storage Pure Helium
Tanks Gas Cylinders

{

Cooling
Towers

A

|

Liquefied
Helium
Storage Tank

YIVI]Y

Cryogen
Distribution Box

Liquefied
Nitrogen
Storage Tank

Helium
Purifier

[ ]
[ J
[ ]
[ ]
[ ]
[ J
[ ]
[ ]
[ ]
¢
[ ]
@
[ ]
[ J
[ J
([ ]
([ ]

To Cryomodules




In Tunnel
(Cryogenic Cavern)

4.5K & 2K
Refrigerators

Cryomodules

On Surface

Liquid Nitrogen

Helium Storage Tank

Compressors

l L.A

Cooling Liquid Helium
Towers Storage Tank

Main Linac
Tunnel




Cooling
Towers

Helium
Compressors

Main Linac
Tunnel

Cryomodules

On Surface

e/
Liquid Nitrogen A

Storage Tank

Liquid Helium
Storage Tank

4.5K & 2K
Refrigerators

In Tunnel
(Cryogenic Cavern)
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Component

Place

Dimensions

Quantity

Specification

4.5K & 2K Helium
Refrigerators

Cavern

10

19 kW @ 4.5 K
23kW @ 2K

Distribution Boxes

Cavern

Warm Compressors

Surface

Cooling Towers

Surface

Liquid Helium
Storage Tanks

Surface

65000 L

Baby-Sitter Refrigerators

Surface

20 L/h

Helium Purifiers

Surface

Helium Gas
Storage Tanks

Surface

250 m3

Liquid Nitrogen
Storage Tanks

Surface

50000 L




SERVICE BEAM

COOLING- TUNNEL TUNNEL

WATER &
HELIUM ELECTRIC PLUMBING CRYOGENIC
COMPRESSOR  FACILITIES SYSTEM FACILITIES

L

ENTRANCE HAL
|

MAIN-LINIAC ACCESS HALL (PLAN)

COOLING-
WATER &
HELIUM ELECTRIC PLUMBING
COMPRESSOR  FACILITIES SYSTEM CRYOGENIC FACILITIES MAIN LINAC

TUNNEL
| Iﬁ?ﬁi
|

Section A-A: ELECTRICAL & MECHANICAL SERVICE HALL

8.0m | 41.3m
Section B-B: MAIN-LICAC ACCESS TUNNEL & ENTRANCE HALL CItEd from ILC_TDR .
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Access tunnel

Cooling water
Electrical substation
Cryogenics plant

Accelerator tunnel

Cited from ILC-TDR .
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— Saturated Vapor
Pressure Curve

— Melting Curve
— Lambda Line
= (Gas Pumping

He | (Liquid)

Critical
Point




P=0.1 MPa

Temperature [K]

P=54kPa

(L) (2')89 % (2) 62 % T=18K (V)

He I

0 3 10 15

Cited from
Entropy [J/g-K] 5 W van Sciver, “Helium Cryogenics,” ‘

Plenum Press, 1986




Y

X Joule-Thomson
Valve 1

Compressor
(Vacuum Pump)

A

<

; % Heat Exchanger

X Joule-Thomson Valve 2

Superfluid
Helium Cited from
T~2K S. W. Van Sciver, “Helium Cryogenics,” ‘
Plenum Press, 1986




Ground Level

Helium Liquefier/ @ Il;lellum G%S ,
S Refrigerator o umping System
Liquid Cold Box _ Ty ,
Nitrogen ) o Compressor.

\l/ Gas Bag
>4 = To Open Air

Tunnel Level

2K
Refrigerator
Cold Box

| _Heat
Exchanger

Cryomodule

L

=
: Gas Return Pipe )-l

L/ VYV VIV VOV VL
Superconducting Cavities

5K T_hermal Shield
80K Thermal Shield
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Helium Gas
Return Pip

~
[N

Superfluid Helium
Supply Pipe

SC Cavity £
(Helium Tank) |i|ped

R

. 80K Radiation Shield
L/ End Plate

5K Radiation Shield
End Plate

Level Sensor Pot

Helium Gas
Return Pipe

Helium Level

Level Sensor

Superfluid Helium
Supply Pipe

SC Cavity
(Helium Tank)

Downstream Side View




Helium Liquefied Nitrogen
Liquefier/ - Cold Helium Storage Vessel

Refrigerator Gas Retiirn (10000 L)
Cold Box

Liquid Nitrogen
¢

Liquefied Helium
Storage Vessel
(2000 L)

» To Open Air

Multi-channel
Transfer Line

Helium Gas Helium Gas
Pumping System Pumping System

Liquid Helium
5K Shield 5K Shield / / Level Sensor

I
x = // /// I
Gas Return Pipe |-| Gas Return Pipe / / )HT

/ /

™ 80K Shield ™ 80K Shield

7/
2K Refrigerator Capture Cavity 2K Refrigerator STF CM-1+CM-2a
Cold Box Cryomodule Cold Box Cryomodules




Helium Liquefier/
Refrigerator Cold Box
= -

Liqueszt)e?jol-li_elium Ground Level Tunnel Level

Storage Vessel < >

Helium Gas =
Connection Pumping System

N Shaft cdlown o |

“\—ﬁ\ Tunnel Level ‘
Pt & o =« 2K Refrigerator
Il [N » NI Cold Box

N GasBag Multi-channelTransferLine L End
Box

Capture STF CM-1 STF CM-2a
Cryomodule Cryomodule Cryomodule

W\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

Capture:  9-cell cavities x 2
STF CM-1: 9-cell cavities x 8 + sc quad. x 1
STF CM-2a : 9-cell cavities x 4

STEREANY) VLRI AT LD




Sub-atmospheric
compressor

Sub-atmospheric
compressor

' T
=

Electrical
heater

CC: Cold compressor
HP: High pressure

MP: Medium pressure Liquid
LP: Low pressure helium

4.5 K Refrigerator

Liquid | Liquid
helium CC | | helium

| Subcooling | | Subcooling | | Subcooling

heat exchanger heat exchanger | heat exchanger |
ngg Joule-Thomson | W§ Joule-Thomson | ngi Joule-Thomson |
Heat Load expansion ' | Heat Load  expansion ' Heat Load expansion

Mixed (Hybrid)
Compression Compression Compression

(@) (b) (€)

Cited from Ph. Lebrun and L. Tavian, European Graduate Course in Cryogenics Helium Week, 2010 ‘




< "Warm"
O "Cold"

A "Mixed"
Latent Heat: 24 J/g at 2 K

Screw compressor
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TESLA4 | CEBAF
SNS

A LHC
24)fsxalg/s = TkW
\

T /{ A | |
TTF CERN CCU

10 00 1000

Mass-flow rate [g/s]
Cited from Ph. Lebrun and L. Tavian .




D

)

300 K under

atmosphere

Main Features of LHC Cold Compressors ¢ h

Active
magnetic
bearings

MARIE CURIE

3-phase induction
electrical motor
‘ (rotational speed
e 200 to 700 HZ)

Cold under

vacuum

Outlet
<=

Pressure ratio
2 to 3.5

Axial-centrifugal
impeller (3D)

Cited from Ph. Lebrun, Magnet Technology for

Fusion Training School, Cadarache, April, 2009
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Cold hydrodynamic compressors for the LHC o

MARIE CURIE

IHI-Linde Air Liquide
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