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QDO (BL) || Detector B ||QDO0 (BR)
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Cryogenic Block Diagram in ILC IR Hall

4K LHe sup/ret

2K LHe supply / return

dump resistors

Surface H .
€ compressor LN2 reserve” purifier?
GHe, 500m3, 20bar ?
Stationary GHe, warm, supply, return, Fixed lines
in collider :
hall refrigerator
LHe4K supp/ret
LHedK supp’;[)et LHe4K supp/ret GHe return ??
GHe return 7" GHe return ?? Fixed line
Flexible line Flexible line
----------- il i el | :
| | service
[ box
Moves I
with valve : 2K LHe supply / return
detector box & phase service |
separator box I QF1 cryostat
I
I
I
I
I

Detector solenoid QDO cryostat
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Cryogenic Block Diagram with Detectors

LNe Tank GHe Storage &
Surface He Compressor 10,000 goal? Gas Management

IQ HQM Vac, Pump Vac, Pump

e K> e K>

He Refrigeraton He Refrigeraton

or ILC CDS or ILC CDS
v /
[ LHe \\ [ LHe \\
\ ~2000L ) \ ~2000L )
AN N

LEGEND @
SC - Service Cryostat I Detecltor A
CDS - Cryo Dist, Sys
QDOCALD ‘Sotqmoid‘ ‘ QDOCARD

]

‘GPubL}}QF—l L} - ‘ - - ‘ - }urmif‘RHuubR‘f
L]

QDOCBL)Y ‘Sotemoio“ ‘ QDO(BR)‘
I Detector B
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Possible Combination of Cryogenic
ardware

F777 Vac, Pump riij
Liij 2 K> Liij
fiiii—’ He Refrigeraton fiiiiﬁ
LiiiiJ or ILC CDS LiiiiJ
VAR TN 7N

LHe \
2000L /
AN AN / AN

| ssues associated with type and number of refrigeration
hardware will be studied when system parameters and
requirements become available.
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Possible Moving Vacuum Pump to Surface
Level to Eliminate Vibration

Room temperature
N vacuum pump typically
Surface LG consists of roots blower
S and aliquid ring pump.
) Do oininate potente Usually, it is bulky due
IR Hall T e e o large volume flow. A
. coldvacuum
compressor could be
used to increase
é pressure allowing
vacuum pump to be
moved to surface level
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2 K Cooling Scheme for Magnets QDO, QF1

< < <
s S5 28
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n P
" fﬁz gy
- O
3] E g Q%{
45K He OF
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5]
He T HX % 1
= XD
a A
JT Valve Vacuum Vesse L - 300 K
[7]
( i ofF Heat Shield ~ 80 K Heat Shield = 45 «
g ®
10 i
5l L
BNL Magnet
He 1I 18 K e N B
Vessel ~ 0016 bar 20 K 2l K He I
|
SERVICE CRYOSTAT INTERCONNECT PIPE ~ 10 METER IR MAGNET

Magnet iscooled inHell at ~2 K, 1 bar
Design capacity is15 W
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Basic Coolin

g Requirementsfor IR Magnets

 Keegp magnet below 2.1 K at 1 bar
e Design for removing 15 W heat |oad

o Service Cryostat isinstalled at approximately 10
meter from the magnet

« Magnet and Service Cryostat are connected by a
vacuum envelop which contains 6 lines.

 Thelargest lineis 3 inchin diameter for 1 bar
Hellum |1 and isused to provide 2 K cooling and
electrical connection

e “N0” vibration should be introduced
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Description of Service Cryostat

o Service Cryostat Is used for interfacing Magnet
with Cryogenic Distribution System, CDS or
Liquefier

« 4K Cooling Is converted to Superfluid helium

e Service Cryostat consists of a4.5 K liquid helium
reservoir, a (4 — 2 K) JT heat exchanger, an 1.8 K
Evaporator, and ~ 5 cryogenic valves

» Lead pot and ~ 10 current leads are not shown on
the flow diagram
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ILC CRYDOGENIC
DISTRIBUTION

hl -

I-ll pl ng ILC - CDS SYSTEM OR
LIQUEFIER

~ 30 METERS FRIM

Connection
to Cryogenic
Distribution
System or e
Liquefier
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Warm Return
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]
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He II
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Moving Requirement of Detector and QDOs

QDO (AL) || Detector A |[|QDO0 (AR)

Crab (L) | | QF1 (L) QF1 (R) | [Crab (R)

QDO (BL) [| Detector B ||QDO0 (BR)

Detector and QDO need to be moved by ~ 20 meters

Require ~ 50 m of Flexible Transfer lines between QDO service
cryostat and liquefier (or CDS)

QF1 and Crab Cavity do not move (Rigid Transfer Lines
between service cryostat and liquefier (or CDS))
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Other Cooling Reguirements

| ndependent
warmup or
cooldown for
each magnet?

Parker has
scenario for
common
operation “must
be vs may be
Independent”

8/29/07

Vac. Pump Vac. Pump
2 K> e K>
He Refrigeraton He Refrigeraton
or ILC CDS or ILC CDS
E/LH@\\ E/LH@\
\\@009/ \iaooy/
I Detecftor A I
]
e Tom ol - - - ; S e s
L]
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Basaline Heat L oads

Heat loads at 1.8 K, 4.5 K and 80 K for QDO
are

- 15Wat 1.8K

- 30Wat45K

— 500 W at 80 K

Heat loads for QF1 are assumed to be the same
as QDO for the time being

Total heat load for two sets of QDO and QF1
—60Wat 1.8K

- 120W at4.5K
— 2000 W at 80 K

K. C. Wu - Brookhaven National Lab 12



Survey of Flexible Lines
End Cap (ATLAYS) in 3 Different Positions

Fixed End Service \t‘

Connection "”ﬂfr
Y
i

ECT Tower

Service Choins

Link Box for
flexible
cryogenic lines
ég?ﬁgid g with link sections
Withdrawn ~ 622 mm

position
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FHexible Linesused on ATLAS (CERN)

Irner-diameter: GMN1S0
Outer diameter: DR300
Length: 35 m

Bendirg rodius: 15 m

ExChongers
regulation volve
boxes
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Shielded Flexible Linein ISR (CERN)
For Easy Installation or Moving?

Inner channel: 14 mm ID
Annular channel: 34 mm
ID, 51 mm OD

30 layers superinsulation,
Bending radii: ~ 1 meter

~25W, 4K load for 50
meter length (with 4 - 120
K shield, not all at 120 K)

Shield load: ~ 170 W

For larger line (~ 46 mm ID) with 80 K shield, calculated
heat loads are~0.15W/mfor 4.5 K and 2.5 W/m for 80 K
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Number of Cryogenic Lines

« Between Service Cryostat and Magnet - 6
lines (The largest is ~ 3 inch in diameter)

e Between Cryogenic Distribution System and
Service Cryostat - 6 or 7 lines
— 5 Vacuum Jacketed
— 1to 2 non-jacketed
— Thelength is on the order of 50 meters

8/29/07 K. C. Wu - Brookhaven National Lab
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 Main Linefor transferring 2 K Heat Load atl bar

over 10 meters, containing bus and
Instrumentation wires inside

o 4K Supply for Anti-Solenoid and Shield

o 45K Shield Return

e ~80K Shield Supply

 ~80K Shield Return

e Cooldown Return

e Quench Vent located near Service Cryostat

o

8/29/07 K. C. Wu - Brookhaven National Lab 17



Crvinctat anAd Crvinroni~ Nictrihe it an Qu/ctoamm
i UDl.al.} A IU \Jl)’UUCl | " LJlDl.IlUUl.lUll O)'DLCIII
(Liquefier)

e 4K Supply
4K Return

8/29/07

Low Pressure Return ~ 2 K (0.016 bar) (~ 1
Inch inner diameter)

45K (or Warm) Return

~ 80 K Shield Supply

~ 80 K Shield Return

Warm Return for Cooldown

Warm Return for Quench Vent
Note: Warm lines maybe combined

K. C. Wu - Brookhaven National Lab 18



Present Understanding
Cryogenic lines (including jumper) will be welded in
construction. No bayonets are planned — T. Peterson
SID detector Is used as an example for current study

For operating purpose, it Isdesired to be able to
move Magnet, Service Cryostat and associated
Hardware for ~ 20 meters from beam center when
magnet is cold — B. Parker

The design should allow detector door to move
without interfering with cryogenic hardware

After the 1% detector ismoved to the side, it is
desirable to quickly move in a 2nd detector which
contains cold magnets.
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Comparison of Various Transfer Lines
(does not include end connection)

Comparison of Published Heat Load
Among Various Transfer Lines

Temp. Vendorl Vendor1l Vendor2 Vendor3 Vendor 4
K Rigid Rigid Rigid Flexible = Flexible
Unshielded Shielded UnshieldedUnshielded Shielded

Size 1.5"x 3" 1.5"x3" 15"'x4" 1"x3"  46x 163

mm
4.5 0.36 0.1 - - 0.15
80 - N.A. 0.54 0.4 2.5

PHPK PHPK ACME CRYOFAB NEXANS

Need heat shield for 4.5 K application

Friction Factor is~ 0.06 — 0.08 for flex line depending on the size
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