DEEP UNDERGROUND NEUTRINO EXPERIMENT

GRAIN: mechanics and proximity
cryogenics
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GRAIN in SAND

Outer vessel
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Outdated P&ID
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Facility test LNL

LAr Filters

about 5,5 meters.

Phase separator

Control panel

[

Filling LAr Filter
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PrOX|m|ty cwogenlcs
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new P&ID
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Proximity cryogenics: new P&ID

Extimated time for cooling down GRAIN with a maximum temperature difference
across the vessel of 40 K:
H3oox — Hoox = 80 MJ
Q =cp, mAT = 224 W
AH * Q
3600

t = = 99 hours = 4 days

Time for filling GRAIN (800 L) with mass flow of 10 g/s: 31 h

Liquid nitrogen consumption for cooling down: 1100 L

Extimated Liquid nitrogen consumption at steady state regime : 9 g/s - 40 L/h
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Proximity cryogenics: new P&ID
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Inner vessel

* Inner vessel modified following proximity cryogenic redesign
New top nozzle for LAr inlet, boil-off nozzle relocated

* Modification required additional review by Enginesoft for EN
13445 certification update.

« Fermilab will accept the equipment based on CE marking

under PED
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Suspension system

« Engineering note finalized following
Eurocodes

« updates to be implemented following
Fermilab engineer’s recommendations

14 |PLASTIC_W ASHER 22 |PTFE

13 |UPN_S0_LASER 2 |AISI 316L

12 |GFXFR_ANGLE_BEAM_& 2 |AISI 316L

11 | THERMAL_INSULAT ION_BUSH boccola taglio termico |6 |G10

10 |PIN 12 6 [AISIZI6L

9 PATTINO_PTFE_CARRELLO 6 |PTFE + GLASS FIBER 20%

PTFE + GLASS FIBER 20%
AISI316L
AISI316L

8 PATTINO_PTFE
7 RIVETTO_INOX_A2
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Suspension system

Q=kmxAxDT/L
k(92)=8,8138 W/mK
k(101)=9,2721 W/mK
km=9,0429 W/mk
A=0,005x0,066 mA2
L=0,029 m

Q1=0,93 W

Q=kmxAxDT/L
k(92)=8,8138 W/mK
k(102)=9,3201 W/mK
km=9,0669 W/mk
A=0,005x0,066 mA2
L=0,029 m

Q1=1,03 W

Qtotal

=2Q1+2Q2=3,9 W

thermal conductivity [W/mK]

50 100 150 200 250 300
temperature [K]
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Documentation in EDMS

Navigator 4

‘i} X Tagsv@ﬂ

Mo active tags.
At 0]
a ] SAND
i ] TRACKER
b ] ECAL
4 ] GRAIN
(] Engineering Reports
i (] Mechanics
[ﬂ Elactronics
(] Installation and Integration
] safety
u’j Toals

[ﬂ Pictures
4 'c[j Inner Vessel
(] Technical Requirements
4 | Engineering Calculations
E 3287284 (v.1) FEM Analysis Report for Cryostat § Inner Vessel Design according to EN 13445
E 3357485 (v.1) Engineering Mote for the Inner Vessel Suspension System
4 ] Models - 3D
E 3297287 (v.1) 3D model inner vessel GRAIN
E 3348683 (v.1) 3D model suspension system
a ] Designs - 2D
E 3348330 (v.1) technical drawings inner vessel GRAIN
@ 33486381 (v.1) technical drawings suspension system
a | Procurement Documents
E 3348533 (v.1) Inner vessel procurement specification
[Z] 2748482 (v.1) R&D
[ MAGNET
I ] YOKE
I ] KLOE

Technical documentation of Inner Vessel
uploaded in EDMS
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Design is still conceptual
and the work is on hold

Made of composite material:

Carbon fiber

Nomex honeycomb

Aluminum alloy and/or stainless steel

Outer vessel CFRP
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Inner skin Carbon Prepreg, Gmm thick: !
i

]

Hypathesis of integration of continuous longitudinal metal insert
in the vauum tank cross-section, for upper fadng
(No scale)
' Continuous metalic spar, vacuum tank full length.
. with four M40 threaded holes, equal spacing in length
Reinforced Area, End thickness !
‘outer skin 12mm

L
b
L,

e

Core spiice foam

Aluminum foil first layer to prevent ougassing,
but difficult to make this adhere without defects

Mass weight ca 770 kg

Ol TUVE



Outer vessel: alternative

24p8

2082

B43.4

All the vessel in aluminum alloy

Mass weight ca 840 kg
(ca 70 kg more than the composite one)

Cheapear
More reliable and safe
Easier to be approved by Fermilab
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Vacuum tank for Legnaro tests —
order already placed

Final details and modifications
defined, following proximity

cryogenics changes
Telescopic sleeves for argon
transfer line connections
Construction is starting

GECEEAaEAEREEEEEERARnanD
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Vacuum tank for LNL facility test
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Inner vessel mechanical cradle

Mechanical cradle to support inner vessel
Enables insertion and extraction from vacuum tank
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Thank you

|
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