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Topics of Discussion

* Design Requirements

* Calorimeter Overview

* Barrel Cryostat Nomenclature

* Vessel Wall Sizing

* Material Selection Rationale

* EM and Hadronic Module Configurations

* Thermal Effects

* Vacuum Lines and Liquid Krypton Supply

* Major Cryostat Components

* Assembly Scenario



Inner Barrel Cryostat Design Requirements

* ASME Section VIII, Division 2
- Weld joint AD400
- Base material Section IX QW-403 & QW-422
- Filler material Section IX QW-404 & QW-432
- Vessel wall thickness Section VIII, Division 2, Article D-3
- Reinforcement fo vessel openings Section VIII, Division 2, Article D-5
- Flange thickness Section VIII, Division 2, Appendix 3

* Pressure
- .10 MPa 15 psid vacuum pressure ‘1

- .16 MPa 23 psid Head
- .07 MPA 10 psid Operating overpressure
- .05 MPa 7 Dsid Relief valve actuating pressure

.38 MPa 55 psid

* Deflection
- Section VIII, Division 2 Article AD-310, AD-340 & AD-360 Mm. thickness

of cylindrical and conic shells under external pressure and axial compression
- Stress requirements ASME Section VIII, Division 2, Article 4-1 Appendix 4
- Finite Element Analysis walls sized by stress or deflection

* Loads
-EM 63.5Mg
- Inner Hadronic 162 Mg
- Outer Hadronic 174 Mg

* Thermal
- No local boiling of ionization medium
- Uniform ionization medium temperature of 1 20°K
- No more than 1% density variation within the ionization medium



Ncible Liquid Calorimeter OVeMew
All dimensions are in mm.
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Noble Liquid Calorimeter Barrel Cryostat
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Vessel Wall Sizing

= wall ID
= thermal bumper

= thermal bumper ID

= bolted joint

Notes:



Material Selection Rationale

Feature

CryostatPerformanceRatio

Aluminum

5083
SB-209

Steel

304L
SA-240

Titanium

Grade3

Material Properties

p g / cm2

Acm

X0cm

S 10 psi @ 100°F *

E 106 psi @ 70°F

2.70

39.407

8.893

12

10.3

7.92

16.654

1.747

16.7

28.3

4.54

27.511

3.562

21.7

15.5

Shells

/ çStress:S,°
tlcA IA
t / tX0 / X0

/ çExternalPressure/ Stability: E113

Q / tA / A

t / ç3X0 / X0

1

1

1

1

1

1

0.72

1.70

3.66

0.7%

1.70

3.65

&L
1.38

0.87

2.07

4.45

Heads

/ çBending:S2
t / t,A, IA
t / tMXOM I X0

/ tMDeflection. E"3
tItjAM/A
t / ç3X3, / X0

1

1

1

1

1

1

0.85

2.01

4.32

0.72

1.70

3.65

G4

1.76

3.79

0.87

2.07

4.45

Washers

/ çRadialCompression/ Stability: E"2
t/t.jA4/A
t / tMXO / X0

1

1

1

o.r

1.43

3.07

0.82

1.93

4.15

* ASME SectionVIII, Division 2, MembraneStressIntensity
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Barrel EM Module Configuration

Striplines

Outer Support Blocks
Ends only

Electronics Envelope

Outer Tension Band Locations

Support/Axial Restraint Location

Electronics Envelope
Striplines

Inner Tension Band

Elecrtronics Envelope
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Cold 120°K Ambient 293°K

Barrel calorimeter Depth.

mm

Radius

mm

Depth,

mm

Radius

mm

ryostat Inner Radius 950 950.00 950 950.00
ryostat Vessels
Vacuumwall
VacuumSpace
Krypton Wall

.11
50
22

961.00
1011.00
1033.00

11
53.44
22.07

961.00
1014.44
1036.51

tay 10 1680.40 10.03 1686.11
tay 25.4 2189.41 25.5 2196.85

yostat Vessels
Kiypton Vessel
Flange
Vacuum space
Vacuum Vessel

35
48

39.4
23

2709.60
2757.60
279700
2820.00

35.12
48.16
30.03

23

2718.81
2766.97
2797.00
2820.00

iote Ambient dimensionsbasedon % A [IL = O.34Reference2

6’ Line

Vacuum Vessel

90° Long Radius Elbow

Liquid Vessel

Bellows

4" LKr Supply Urie

Warm Location of LKr Vessel
Vacuum Vessel Wall

Cold Location of LKr Vessel



Liould V...al An.mblln

a Uquld Vessel Inside
DIam.t.r Assembly Sections
fltJ wt -±3.4 Mg

StructuralWeld

b EM Outside Disniet*r Stay & Central
Washer Assembly Tolal wtn2.S Mg

a innar IladronIc Module Outside Dmeter
Tube Stay

©
Outer Hadronic Module

Support WasHer Assembly
Total wt=tl Mg

. Liquid VnsS Feedthrough Conic
Sections With Waim & Cold Fndthroughs
Total wt=s3.O Mg per Conic Section

0 Uquid Vessel Outside Diameter Shell
Assemblies çfotal wt =±4.3 Mg per Side

V,euumV.nM An.mbtln

g Vacuum Vessel insIde
Diameter & Head Assembly

H

c ±4.2 Mg

0 Vacuum Vessel Assembly
CTOtS Wtn9,3 Mg

z2.3 Mg

Ii V&cuum Vessel Outside
Diameter Shell Assembly



Barrel Assembly Scenario
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