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BESSY FEL LayoutBESSY FEL Layout

BC1
(200 A)

RF Photoinjector (65 A) 

BC2
(2 kA)

L2

753 MeV

EXT1L3

1020 MeV
FEL1Arc (240 A) 2300 MeV

L4

FEL2
FEL3

EXT2

Collimators

L1 + Booster (L0)

3rd harmonic cavity219 MeV

CWCWDuty FactorDuty Factor

< < 3 kW3 kWTotal dynamic losses at 1.8 KTotal dynamic losses at 1.8 K

< < 151 W151 WDynamic losses at 1.8 K per moduleDynamic losses at 1.8 K per module

<< 30 W30 WDynamic losses at 1.8 K per cavityDynamic losses at 1.8 K per cavity

> 1.3 x 10> 1.3 x 101010 or higheror higherCavity quality (Cavity quality (QQ00))

1.8 K1.8 KOperating temperatureOperating temperature

16 MV/m (< 20 MV/m)16 MV/m (< 20 MV/m)Accelerating fieldAccelerating field

1818Number of modulesNumber of modules

88Number of cavities per moduleNumber of cavities per module

2.3 2.3 GeVGeVFull EnergyFull Energy
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ConsiderationsConsiderations

HeatHeat conductionconduction in in thethe LHeLHe tanktank
MassMass flowflow in in thethe modulemodule
MassMass flowflow in in thethe linaclinac
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BottelnecksBottelnecks in in thethe LHeLHe tanktank

Want to Want to avoidavoid boilingboiling in Hein He--II, II, otherwiseotherwise dangerdanger of of 
microphonicsmicrophonics
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HeatHeat ConductingConducting in Hein He--IIII
BoilingBoiling occursoccurs ifif TTlocloc > > TTsatsat(P(P))
RuleRule of of thumbthumb: : HeatHeat fluxflux in 1.8 K Hein 1.8 K He--II II mustmust bebe
lessless thanthan 1 W/cm1 W/cm22 to to avoidavoid boilingboiling

Tloc = 1.8 K, P = 16.38 mbar, Tsat = 1.8 K

Tloc = 1.85 K, P = 20.45 mbar, Tsat = 1.864 KTloc = 1.80 K, P = 20.45 mbar, Tsat = 1.864 K

Q

H
∆P = f2(H)
∆Tsat = f3(H)

∆Tloc = f1(Q,L)
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AreaArea of of annulusannulus = 66 cm= 66 cm22 QQ < 0.5 W/cm< 0.5 W/cm22

AreaArea of of chimneychimney = 23 cm= 23 cm22 QQ > 1 W/cm> 1 W/cm22

ChimneyChimney diameterdiameter mustmust bebe increasedincreased 90 mm90 mm
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HeatHeat ConductionConduction in Hein He--IIII

ca. 80 cm
∆T(0.5 W/cm2) = 8.8 mK

T = 1.811 K, Tsat = 1.824 K T = 1.802 K, Tsat = 1.824 K

0.5 W/cm2

0.5 W/cm2
∆T = 2 mK

1.8 K, 16.38 mbar

To To bebe verifiedverified experimentallyexperimentally in HoBiCaTin HoBiCaT
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ConsiderationsConsiderations forfor LinacLinac LayoutLayout

TESLA: 10 TESLA: 10 modulesmodules ((stringstring) form ) form oneone stringstring
All All supplysupply and and returnreturn lineslines spanspan thethe entireentire stringstring
SupplySupply byby oneone JT JT valvevalve
Total Total dissipateddissipated powerpower per per stringstring = 150 W ~ 1 CW Module= 150 W ~ 1 CW Module

ShouldShould havehave oneone supplysupply per CW per CW modulemodule

TESLA: One TESLA: One connconn. . betweenbetween 22--phase phase lineline and GRT / and GRT / modulemodule (15 W)(15 W)
FlowFlow in 2in 2--phase phase lineline moremore „„relaxedrelaxed““ thanthan in CW Modulein CW Module
22--phase phase lineline shouldshould bebe as as bigbig as as possiblepossible
AddAdd connectionsconnections

TESLA: GRT TESLA: GRT handleshandles gas gas fromfrom 16 16 stringsstrings = 2.4 kW= 2.4 kW
SizeSize of GRT of GRT shouldshould bebe OK OK forfor CW CW operationoperation
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BESSY BESSY CWCW--ModuleModule LayoutLayout

Enlarged chimney to 90 mm ID

Reservoir with heater and level meter.
Heater likely to be distributed along module

Enlarged 2-phase supply
line to 100 mm ID

JT

One supply valve per module

JT

No connection between modules

Additional connection

GRP unchanged
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CryogenicCryogenic AnalysisAnalysis

Section 4 Section 3 Section 2 Section 1EXT1 Arc+BC2 BC1

Helium plant

VB

DB

Modules 1-89-18

WishWish to to analyzeanalyze behaviorbehavior of of cryogeniccryogenic distributiondistribution
mustmust includeinclude::

Module layoutModule layout
CryogenicCryogenic layout of layout of thethe linaclinac

Analysis Analysis mustmust includeinclude twotwo--phasephase flowflow of Heof He--II in II in thethe
entireentire systemsystem to:to:

DetermineDetermine pressurepressure drop drop alongalong linaclinac
FlowFlow characteristicscharacteristics in in thethe twotwo--phasephase lineline
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PressurePressure DropDrop
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Pressure in 2-phase line
Pressure in the gas-return pipe

Pressure in warm by-pass sections

1.8-K operation
Few mK

Analysis Analysis forfor 250 W/250 W/modulemodule, 4.5 kW/, 4.5 kW/linaclinac
1.81.8--K OperationK Operation
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PressurePressure DropDrop
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VaporVapor VelocityVelocity
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JT valve

Module closest to pumps

Module furthest from pumps

Reservoir

250 W/module

Bidirectional flow

Unidirectional flow

Anything above 4 m/s can lead to non-stratified flow!
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VaporVapor VelocityVelocity
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JT valve
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Module at linac end
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Helium plant
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DB

Modules 1-89-18
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FlowFlow PatternPattern
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ConclusionConclusion

In In thethe LHeLHe tank up to tank up to aboutabout 60 W/60 W/cavitycavity isis OKOK
250 W per Module, 31 W/250 W per Module, 31 W/cavitycavity isis OKOK
4.5 kW 4.5 kW forfor thethe entireentire linaclinac (18 (18 modulesmodules) ) isis OKOK

providedprovided thethe heliumhelium isis returnedreturned fromfrom thethe midmid
sectionsection

400 W 400 W forfor a a singlesingle ((underperformingunderperforming) ) modulemodule
OK as wellOK as well
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Maximum Maximum DimensionsDimensions

fixed
IncreasingIncreasing sizesize of 2of 2--
phase phase lineline onlyonly helpshelps as as 
longlong as as sizesize isis << GRT<< GRT
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