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11.65 cm

Micro-channels and first modules

« Evaporative cooling: Heat provided by
electronics is absorbed by the CO,
changing the ratio of gas/liquid

11.37 cm

« Narrow restrictions at the entrance
e 60 um X 60 um (40 mm long)
« Prevents instabilities among the
channels

ASIC on front ASIC behind

VCR connector
position

u-channel substrate

« Main channels \
« 120 um x 200 ym (=260 mm in average)

« Cooling substrate is 500 um thick

CO:2 capillary

routing mid-plate
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Micro-channels and first modules

Successful testbeam with three modules

Tiles

Hybrids

Data cables | Low voltage cables
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Full 3D design
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Full 3D design

Main constraint related to LHC:
Maximum Variation of pressure (AP)
between Beam and Secondary vacuum
has to be smaller than 10 mbar




Insulation Vacuum and safety system

Module

* Minimize the pressure raise in case of leaks @ —
 An expansion volume is necessary to close Module

the valves and prevent pressure build up

while the system warms up hogule

==

Two bypasses: Module
1) Always open to ensure minimum flow to °

keep the distribution lines cold 0

2) Divert the flow if the safety system is V \__J
activated in such way that the variation of @ - 4]
pressure over the detector is the same x

If activated, LV and HV will be inhibited on the v Closed valve Q Expansion Volume (Gas)
modules (no cooling).

Open valve \J: Calibrated restriction



Insulation Vacuum and safety system
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* An expansion volume is necessary to close
the valves and prevent pressure build up

while the system warms up V Mtodule

Module

Two bypasses: Module
1) Always open to ensure minimum flow to °
keep the distribution lines cold 0
)

2) Divert the flow if the safety system is
activated in such way that the variation of @ - 4]
pressure over the detector is the same x

If activated, LV and HV will be inhibited on the v Closed valve Q Expansion Volume (Gas)
modules (no cooling).

Open valve UQ Calibrated restriction



Isolation Vacuum (Safety system) — 3D design

Bypass valve (Normally open)
_and permanent bypass

26 safety valves
(normally closed)

Filter (40 um)

Output and input tubes

f..,.!*»

Activated by no demand valve
(FESTO VOFC-LT-M32C-MC-G14)

8 bar dry air supply in
redundancy with a Nitrogen
supply with automatic non-

electric swapping (Backup slide)I=ESTD




Pressure in the secondary volume in case of leaks

Scenario with the failure of one cooling loop containing two modules

Considerations:
. The CO2 inside the tubes/module is on the liquid state
. During operation, the CO2 will be boiling (gas/liquid)
. The CO2 in the expansion reservoir is on the gas state

. The reaction time was not considered on this exercise!
. In discussion with the LHCb vacuum group

The CO2 solidification slows down the leak rate (neglected)
The suction of the vacuum pump was neglected

Total CO2 in the loop:

Kk
nq=pwmﬂxdd/=1M%55§X55nd=603g

194.2K8 5.5 ml = 1.07 g

m?3

Mg = Pgco24,0c XV =
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Pressure in the secondary volume in case of leaks

. Total pressure using ideal gases equation:
RT 8.31 X 107%L.bar.K 1 mol™* x 300K

P = X——=719g X
leak = T = 4y g 600 L x 44 g mol-1

Piogr = 6.70 mbar

Baseline is to use a container made using a standard 10 cm long tube with
of 4" outer diameter pipe (ID 1.0922 mm):

. Expansion volume would be ~8.2 ml for the expansion volume (1.6g CO2)

. Total mass of 7.63 g

- Pioar = 7.2 mbar (Safety margin of 38% with respect to 10 mbar)



Experimental test #1

Pipes
olume |mass [g]

100 (Fully liquid) 4.35161 435 895.9 4.5

VELO Upgrade

et 55  6.03075 600 1096.5 5.05
B0 Ui 82 159244 600 194.2 1.33
Gas (Scaled)

HELO Ulprs 13.7 7.62319 600 ] 6.38

total (Scaled)

The reaction time was neglected!
Takes into account the pump speed (Adixen?)



VELO leak detection

Dedicated pressure sensors:

. Penning: 107 mbar < p < 10™* mbar
. Pirani: 10™* mbar<p <1 bar
. Absolute Baratron: 1 mbar<p<1bar

Possibility to analyze the variation of pressure over time but it is
challenging

Additional pressure sensors on the vacuum system side could also
inform us about leaks (redundancy)

Membrane switches (+10 mbar) which give almost instantaneous
response (no processing time)
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Summary

The first protection against unlikely leaks are the two shutoff valves that can
isolate every two modules from the cooling plant and mitigate pressure increase
in the secondary vacuum.

~\

.
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J
N

The second protection is the connection of beam and secondary volumes to
prevent the RF plastic deformation/rupture if |[AP| > 10 mbar

.
>
The CO, present in the cooling loops (ignoring the reaction time) would increase
the pressure in the secondary volume by 6.38 (6.70) mbar

J
N

.
>
The redundancy of the leak detection mechanism can be achieved by signals
provided by the vacuum system and additional pressure sensors

.

J \.




One branch of the cooling system

Isolation Vacuum

150 um orifice

(stability) 1370 (1510) mm

Secondary vacuum

SIPS
o 4

-2 P

WV
/N

27.6 mm

split | Input

1479 (1639) mm

<%) <%

V.
/\

27.2 mm

27.6 mm

Output Split

Isolation Vacuum

1300 mm

8 1/8” (ID 1.397 mm)
B 1/16” (ID 0.5715 mm)

B 1/16°(ID1.2mm)
| 14> (D 6.223mm)
) VCR connector 1/8” (~5mm)

.| 3/8"(ID 9.398 mm)
|| same volume between the valves

(M] 2X320 mm 1/16 “to the connector in
the module

(Microchannels — Input + output)
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Total secondary volume

Definitien

gﬂ ﬁq-; Selecti Part846.1 Definition
; 5 s
Result 5
Result.

Calculation mode : Exact
Calculation mode: E}

Type: Volume Type: Vol

Characteristics Center Of Gravity (G) ’(";‘m;ﬂ; Center OFGrmity ()

Volume | DIELE Gx  -38377mm Voume RS |Gx -3
olume % -3837Imm

Area 9,476m2 l} Gy T78732mm Area  0476m2 Gy 78,732mm

Mass  777,829kg Gz -5432mm Mass  777,829%g Gz -543Imm

Density  1000kg_m3

Density  1000kg_m3

Inertia / G | Inertia /O | Inertia/P | Inertia/Avis | Inertia/ Ao

Inertia / G ‘ Inetia/ O | Inettia/P | Inertia/ Avc | Ineria/ e System

Inertia Matrix / G

Inertia Matrix/ G

loxG  254,178kgxm2 loyG  374,64kgxm2 lozG  182,668kgxm2 ToG 254 178kgxm? Ioy 374 64kgym2 IozG  182668kgum2
byG  -35,851kgxm2 bzG  1,388e-015kgxm2  IyzG  -55096e-014kgxm2 LyG  -3585lkgm? be6  1388e0l5kgm? Iy -55%e-01dkgan?
Principal Moments / G Prindipal Moments / G

ML 182,668kgxm2 M2 244,315kgxm2 M3 384,502kgxm2 ML 182868kgim2 M2 244 315kgum? M3 384,502kgxm2

[ Keepmeasure [ only main bodies _Create geometry | Export | Customize
@ 0k | @cCancel

[ Keep measure [] only main bodies _ Create geometry | Export | Customize... |
@ ok | @ cancel|

Due to the cables, modules and mechanics, we are assuming that the effective volume is 600 L.
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BYPASS WALVE

Shutoff valves trigger system

valve svAD 1 Safety valve SVA10 1 Safety valve SWAI1 1 Safety val | 2
SvAp_2 safety valve sva10_2 Safety valve SvA11_2 safety valve Swa12_2 safety valve Svatd 2

o

Valve 5WAS 1 Safety Valve SWAG 1 Safety valve SWA7 1 Bafety Valve SVAg 1 safety

jalve SVA1 1 Safety valve SVA2 1 Safety valve SWA3 1 Safety valve svwad 1 Safet A ) - -
va1_2 safety valve SwA2 2 Safety valve Svm3 2 Safety valve Sva4 2 Safety valve Swas 2 safety valve SwaB 2 safety valve Svar_2  safety valve svas_2  safety valv
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High pressure gas redundancy system
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Pressure in the secondary volume in case of leaks

. Assuming 30% vapour quality in the return line when the modules are

on:
. 1.179 ml of liquid becomes gas at -35C
. Total mass becomes: 1.6g + 4.74g + 0.037g = 6.38g
. 10 cm expansion volume as in previous slide

. Total pressure using ideal gases equation:

P = o RT 638 0 8.31 X 107 %L.bar.K ' mol™' x 300K
leak = T % 4y = 9209 600 L x 44 g mol-1

Piogi = 6.02 mbar



Module design

module foot (aluminium)

VCR connector /E

position

— v Legs
Z \ (Carbon Fiber)

Microchannel
cooling substrate

D—. GBTx (Transceiver)

2 Temperature
sensors per side
(NTCs) — More details

in Alexander’s talk

N

Beam

N,

midplate

Fluidic connector sensor bump-bonded

/
hybrid
to 3 ASICs (tile)

;_ (copper+kapton)

C ill
02 capiiiary Cables and supports not shown!
routing
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Modules, mechanical supports and Isolation vacuum

—

Isolation vacuum

26 modules per side

Beam line
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Experimental tests

. Summary of results:

. Upto 6 mx1mm ID capillary with pure liquid CO2 (up to 7.6 g) release in a
vacuum chamber with volume 435] -> maximum pressure 4 mbar with the pump
running

. Upto50cm x 1 mm ID plus additional components (4.55 ml volume) released in
a vacuum chamber of 220 | -> maximum pressure of 5.8 mbar with reaction time
of ¥ 433 ms and vacuum pump running

. Failure of the safety system test in a volume of 220 | -> Pressure stabilized at 15
mbar with the vacuum pump running (CO2 solidification)



Safety system setup

15/04/16

Oscar Augusto
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Safety system setup

15/04/16

Oscar Augusto
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Safety system setup

No-return Valve

15/04/16

Over pressure safety valve (103 bar)

NO Valve

Oscar Augusto

28



Safety system test

15/04/16

Pneumatic Valve (NO)

No-return Valve

Press./Temp. Sensors

Vacuum

Pneumatic Valve (NC)

Oscar Augusto

Volume 4.55 ml
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Safety system test

15/04/16

Pneumatic
No-return Valve Valve (NO)

......

Pneumatic Valve (NC)

s LalView
- "
v

Pfeiffer

................ ? Readout

Oscar Augusto
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Activation chain

o 7€

g Electrical valves g
“l' e r T o

Trigger
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Safety system test (Labview)

Vacuum chamber pressure

w
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~8.5 mbar
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1.2 s reaction time

L

My

.
=2 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I

—_

4 4 | 1 1 1 1 | L1 1
100 200

P TR,
300

I L1 |
400

1 P e SR 4 03
500 600
time {ms)

=




Safety system test (Pfeiffer)

PS_VC

. The Pfeiffer readout can be used
to trigger the pneumatic valve
(faster)

2]

o

VC pressure (mbar)

s

. Trigger set to 1 mbar threshold

(]

_a 1]
DIW-’llll|llll|llll|lllllll

. TRACI: -15C

. Maximum pressure: ~5.8mbar

—

. Faster reaction time (433ms)

1000

2000

3000 4000

5000
time (ms)
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Safety system failure test

Leak Valve state

B

5

4

Leak valve open between-80s and 320s
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o
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100 200 300 400

SAim
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Safety system failure test

Pressure inside the tube

pressure (mbar)

(el
P
tn

24
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Safety system failure test

CO2 Leak

15/04/16 Oscar Augusto

8 The leak was not continuous
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Safety system failure test

Dry ice formation inside
the tubes greatly reduce the leak

VC pressure (mbar)

Vacuum chamber pressure
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Sid

e view

RF foil separates the detector
vacuum from the beam vacuum
(Maximum DP = 10 mbar)

SR

Primary vacuum
(beam vacuum)

\

Secondary
Vacuum

Isolation Vacuum
(Cooling safety system)

“O”-shape capillaries to
absorb the detector
movement

Commissioning:

Tubes leak tightness and vacuum
quality (Liverpool/CERN)

Vacuum feedthrough board

*Most of the cables are not in the drawing
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