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1. Overview

Thermal Enclosures:

· Maintain the temperature of the environment of the SCT at –7oC.

· Ensure no heat-flow from the TRT – maintaining a temperature of around +20oC on surfaces facing TRT.

· Maintain a dry N2 environment around the SCT, with no leakage – N2 not good for TRT. See Fred’s talk.

http://hepunx.rl.ac.uk/atlasuk/sct/engineer/te_fdr/index.html

ATL-IS-ER-0045
SCT Thermal Enclosures




General requirements, common to Barrel and End-cap

ATL-IS-ER-0044
SCT Barrel Thermal Enclosure

ATL-IS-ER-0018
SCT End-cap Thermal Enclosures


ATL-IS-ER-0046
SCT Thermal Enclosure Heaters




Specifications for Heater Pads

DRAWINGS (Work in Progress)

Overview of Barrel

TD-1020-164#2

No ITE. Chanels for PST heaters wires not shown.
1.1 Overview of End-cap

ATLISEE_0001
General Requirements

1.1.1 Thermal

Inside –7oC, outside +20oC (T = 27oC).

Design (8 mm of foam with  = 0.050 W/m/K) such that flux will be ~ 170 W/m2.

Prototype (T = 32oC) showed 240 W/m2.

Set spec at 300 W/m2.

Conservative, since could tolerate T across gas gaps.

	Component
	Area (m2) 
	Cooling Power (W)
	Heating Power (W)

	
	
	
	

	Barrel
	
	
	

	OTE
	5.1
	1500
	1500

	ITE 
	2.5
	
	700 *

	Two Ends
	1.4
	
	400 *

	
	
	
	

	End-Cap (One)
	
	
	

	OTE
	7.2
	2100
	2100

	ITE
	3.0
	
	900 *

	Front End
	0.9
	
	300 *

	Rear End
	0.9
	300
	300 *

	
	
	
	

	Barrel + End-cap (Two)
	
	
	

	Barrel
	
	1500
	2700

	End-cap
	
	4900
	7200

	Sum
	
	6400
	9900


* Heaters on only for installation/access.

See Richard’s talk (?) for operating scenarios.

Thermal functionality is critical:

· Cooling to prevent radiation damage to silicon.

· Heating  

· To avoid affecting TRT.
· In fault scenarios or during access, when there may be moist air outside TE, must avoid condensation/frost – this is so critical that a failure may result in the SCT being inoperable.

Redundancy of Cooling Circuits and Heaters essential.

1.1.2 Other Requirements

· Faraday Shield.

· Tolerate 4 mbar overpressure.

· Leak rate < 6 l/mbar/hr.

Barrel

1.2 Interfaces

· Pixel Support Tube – accommodate wires from heaters.

· Mounted on TRT rails.

· Spreader Plate (mechanical/electrical support for Services) connected to TE and Cryostat.

· Allow penetration by bearings which support the SCT.

· All TE services have disconnect at PPB1.

· Must be compatible for 4 Barrel Assembly Tooling.

1.3 CF Structure

1.3.1 OTE

TD-1020-120#1

Curved section
TD-1034-120#2

Single curved panel
Double carbon fibre skin containing dry CO2 volume in aluminised Kapton bag. 

Supports Cooling Circuits on its inside.

The two CFRP skins separated by 4.5 mm by localised strips of Airex( foam running longitudinally along the barrel, resulting in stiff structure with high degree of stability to differential CTE effects.

6 individual panels fitted to form one half cylinder.

Side Panels

Connect two half cylinders.

TD-1020-400#2
Similar to curved panels, but do not need to be moulded.

Not equipped with Cooling Circuit – instead insert Aerogel( insulation.

Figure 1 

Connection of Side Panel
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TD-1020-164#1

Curved section with Side Panel
1.3.2 End Panels

Annular discs, constructed from 2 CFRP sheets separated by Airex( foam strips to form a hollow structure similar to the cylinders. 

Separation is 3 mm and they are attached to both inner and outer cylinder. 

The end covers also have to accommodate the supply cables for the PST heater pads.

1.3.3 ITE

Simple carbon fibre cylinder made of single rolled sheet of cured CFRP of 0.6 mm thickness.

Positioned in close contact with the inner structure of the castellated flange of Barrel B3.

(A bit tight for Heaters in this region.)

The ITE has to interface with the Pixel Support Tube (PST) mountings.

Evaporative Cooling Circuits

Design requirements:

· Pipes run in gaps between rows of Modules.

· No loop longer than 2 lengths (3.2 m) (+ inlet pipes).

· Alternate stave redundancy.

· Modular design of cooling units.

· T in Cooling Circuit < 5oC.

· Nominal 2 bar; fault condition 13 bar.

· Inlets/outlets matched to gaps in services at approx 0o and (45o.

Design:

· 3.6 mm ID CuNi pipe 70 m wall.

· 3 8-stave units in each half cylinder.

· Each unit made of two identical interleaved circuits.

· 3 inlets/outlets on each side, on top and on bottom – 12 in total.

· Inlets/outlets emerge at approx 0o and (57o – steer towards (45o.

· Side Panel uncooled – use Aerogel.

· Gap of 1 stave either side of Side Panel – cooling provide by convection.

· Heat-exchangers and Boil-off Heaters outside TE.

· Dual capillaries for redundancy against blockage.

TD-1020-203
Figure 6

3D Model of “manifiolding”
[image: image2.wmf]
1.3.4 “Cold” Spreader Foil

“Cold” spreader foil strips of 150 m Al bonded to pipes. 

Temp variation across foil ~ 4.5 K (Cragg).

1.3.5 FEA

FEA by Herrera-Martinez (ATL-IC-EN-0009) showed satisfactory cooling with monophase C6F14.

HTC for evaporative C3F8 is considerably better.

Also, power density is < ¼ that of Modules.

FEA by Hawes showed effects of convection are minimal.

1.4 Heaters

1.4.1 Heater Pads

48 V switched Power Supply; 40 V at Heaters.

Control of switching provided by integral temp sensors – two for redundancy.

2 circuits providing half power each – for redundancy.

Being prototyped by Minco.

Alternative approach with wider traces being prototyped in Ljubljana – see Marko’s talk.

[image: image1.wmf]
Different sizes/shapes to cover different surfaces – set out in ATL-IS-ER-0046.

1.4.2 Heat Spreader 

Heat spreading foils of 70 m alochromed aluminium.

Between Heater Pads and SCT Modules.

Act as Faraday cage.

Fasten Foil to CF with Loctite Hysol EA 9396 epoxy paste – take care of CTE mismatch.

Fasten Heaters to Foil with RTV6156 silicon gel.

Wrap OTE with Kapton sheet.
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Layout

Figure 3 

OTE + End Panel Layout

[image: image5.wmf]Figure 2 

ITE layout
Heater Pads on outside (larger radius) of ITE with Heat Spreaders and insulation between Heaters and B3:

· Easier to assemble; no danger of damage from PST.

· Very little room on inside due to PST envelope.

· But have to route heater wires on inner face of End Panels.

1.5 Bulkhead

TD-1020-204

Service Routing and Bulkhead
Must be thermally managed – with Heaters.

Propose to pot services with Techsil( silicone rubber (also investigating Stycast 2741).

Leak rate before/after irradiation and sealing/unsealing found to be satisfactory (Anderson).

G + S

Faraday Cage provided by outer foil.

Foil attached to Cooling Circuit also very important – need to connect strips.

Ends of Cylinder will be metalised.

Ensure good electrical connection of all metal parts, in particular to external Spreader Plate.

1.6 Prototype

1.6.1 Previous work

In past, tested a CF half cylinder (similar to current design) with monophase cooling.

Gave measurement of heat flux.

Insulation properties of materials were tested with a small CF box, with separation of 4.5 mm.

1.6.2 Future Work

Heater Pads (Minco, Ljubljana) – test heating performance; assess robustness.

Cooling Circuit – check cooling performance.

55o CF section with Side Panels and part of End Panels – test mechanical assembly; electrical connectivity.

Add Heaters and Cooling Circuit to CF structure.

TD-1034-170

BSP TE
Prototype TE to be used with BSP to test G & S.

Complete System Test (up to PPF1) being set up in Oxford.

End-cap

Initial design 18 months ago for End-cap Review.

Subsequent change to evaporative cooling with CuNi pipe-work – not yet incorporated in design.

1.7 Structures

1.7.1 OTE

ATLISEE_0006 – now half-cylinder
Airex( construction with an average thickness of 7.6 mm, bonded by Araldite 2011.

2 half cylinders, with thin in-fill strips.

Fairly compliant, with tight fit to Support Cylinder and associated Services.

1.7.2 Rear TE

ATLISEE_0003
Structural Support (ATL-IS_ER-0017): CF face-sheets with Korex( core – 26 mm.

Cooling Circuit mounted on insulating pad on inside face.

1.7.3 Front TE

Structural Support (ATL-IS_ER-0017): CF face-sheets with Korex( core – 8 mm.

No Cooling Circuit, but “cold” spreader foil between radii of SCT Barrel and End-cap – connected to OTE cooling.

1.7.4 ITE

CFRP cylinder

Gas purge channels with holes between each Disc.

1.8 Evaporative Cooling Circuits

Thermal calculations very difficult (probably conservative) because of effect of 

· Insulation: Support Cylinder, Services

· Heat/Cold sources: Power tapes, Module Cooling pipes

For OTE, will be similar to Barrel, but embedded in foam:

“Cold” spreader foil strips of 150 m Al bonded to pipes. 

[image: image3.wmf]
Secondary foils over pipes to increase conduction.

Similarly for Rear TE, but not embedded in foam.

Heat-exchangers and Boil-off Heaters on inside of TE.

FEA by Fowler (ATL-IS-ER-0020) and prototyping by Manchester (ATL-IS-TR-0010) shows T variation (top-bottom) of 8 K in gas due to convection. 

1.9 Heaters

Requirements/specifications set out at same time as for Barrel.

Layout similar to Barrel philosophy.

On Front Support, dual circuit – inner circuit (in-line with Barrel SCT) only active during maintenance.

Requirements/specifications also set out for ID End-plate.

Barrel Work Programme

1.10 Plans

1. Freeze design – see below.

2. Start tendering process.

3. Launch production of the BSP Prototype TE.

1.11 To Do

· Fit of the TE within the various envelopes in the form of a basic reference drawing. ***

· Relationship between services penetrations and evaporative cooling loop behind barrel flange. 
Also, the effect on the bulkhead layout and design. ***

· Layout of ITE joint with the End Panel and location of PST mountings. ***

· Fixation of heaters to OTE, ITE and End Panel.

· Attachment of the G&S foils and mechanical implementation of the joints between them, 
including the “Cold” Spreader foils attached to the cooling circuit.

· Local thermal insulation of all services penetrations immediately outside the TE.

· Environmental dry gas distribution tubes.

· Check that all materials satisfy CERN safety requirements.

*** priority

1.12 Schedule

Schedule.
2. Back-up

	Material
	Thermal Conductivity 

(W/m/K)

	Airex( (see ATL-IS-ER-0018)
	0.040

	Dry Air
	0.025

	Nitrogen
	0.026

	Carbon Dioxide
	0.017

	Aeorgel (not evacuated)
	0.015

	Aerogel (best possible when evacuated)
	0.004

	
	


4 Heater Pads Type B on each Side Panel





8 Heater Pads Type C on each End Panel





16 Heater Pads Type A on the Lower Half Cylinder





16 Heater Pads Type A on the Upper Half Cylinder





16 Heater Pads Type A
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