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ltcm Introduction

ALICE Experiment

P ey

Half barrel

Silicon pixel modules
Stave cooling structure

ITS: Inner Tracker System
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. :
ltcm Design Parameters N
1. Power dissipation: pixel technology, electronics...
» 0.3-05Wcm>

2. Operational temperature and uniformity:

» Tpxe<30°C

» Pixel maximum temperature non-uniformity < 10 K

3. Minimize material budget: critical in particle detectors.

- _
. |
X . | Particle
—100[%] | _ L X/X, £0.30% per layer
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Bt :
ltcm Stave Manufacturing )/
Stave structure IN

High-conductive [
Lightweight _

Stiff OUT

Cooling pipe

J 1D, OD

= Tubes: Polyimide ({ wall thickness). PEEK considered.

= Structure:

» Carbon fiber (K13D2U, K1100): A up to 1000 W mt K-t
» Graphite foil (30 um thick): A > 1000 W m-* K-1

Analytical/CFD studies
jl> Optimization of 2 geometries

Experimental tests
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il :
item  Two Different Concepts @)

M60J Truss filament
diameter: 300 pm

K13D2U-2k fibre width: 1.5 mm

Outlet
>y N
Inlet™

Transversal section: Inlet 'Cr:Op SthfCtUFe
Pipe (ID 1.450 mm) ‘ . > arbon fleece (20 um)

: -2 2, ] Graphite foil (30 pm)
Graphite sleeve (30 pm) | / : j
K13D2U-2k fibre (70 pm) $ %J g;?gniﬂpo% ((I:EI)Z 1(5.3%24nr1r;m)
Silicon dummy (50 pm) : M

Glue (“' 100 pm) ﬁ§ Carbon fleece (20 pm)
Kapton ® heater 13 \ Glue (~100 pm)

Fibre winding angle: 23 deg .
Outlet™ Transversal section:

3

. 15 R 15 -

. R Kapton® heater
51 1.4 g (structure only) P9 1.8 g (structure only)
X/X,=0.23% (services included) X/X,=0.29% (services included)
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Two Different Concepts
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tem  Cooling Fluid Selection (&)

= Requirement: Trerricerant = Toewpoint (712°C)

Fluid Benefits Concerns
Single-phase Radiation hard Leak-less system
HZO Loop simplicity Liquid: 1 refrigerant x/X,

Radiation hard
Two-phase Dielectric More complex loop
C,F1o Vapor: | refrigerant x/X, Distribution (346 staves ITS)

Cooling at constant T

A4

Toxr = 15°C, Posr= 1.9 bar v/
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ltcm Experimental Facility )
Power supply [ oo Water
oon |
=
‘ XX
C4F10 ......
loop
| | L0
PC DAQ system

» Fast, simple way to characterize thermally the prototypes.

» Tested several prototypes with the 2 refrigerants.

6/17/2013 M. Gomez Marzoa 9



(|

item  CaFq Experimental Loop
O B, PRI W

V V2 T4,p4
Subcool
C4F10 Eﬂ NV, Prototype
pn ;] B G
| ]®
RH § 125
Parameter Type B uncertainty (95% CI)
Temperature (PT100) +0.4°C
Temperature (NTC) +1.4°C at 30°C
Absolute pressure +0.05 bar
C,F,,mass flow rate +(0.2%+ 8 g h'Y)
Thermal imager +5°C
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Lt

ltcm Methodology

1. No-flow tests:

4 Power dissipated/absorbed to/from to room air

L Agreement T sensors

2. Single-phase flow tests:

U Pressure drop
U Energy balance

0 General uncertainty

3. Two-phase flow tests:

O Thermal characterization
0 Two-phase pressure drop

6/18/2013 M. Gomez Marzoa
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B
ltem Test Parameters N

1. Power dissipation: 270 x 13 mm Kapton® Heater

Power density Absolute heat load

q [Wcm~] P [W] / ATSTAVE—AMB)MAX< 9K
03 1 105 : l

0.5 17.6 P2: ~12% of power to air

2. Mass flow rate: _

m = 9 Power density Mass flow rate
hLGAX|N_oUT q [W cm2] m [g s
_ AXn.out = 0.40 i 0.3 0.29
Assumptions { Tocemomman = 15°C 05 0.55

—
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ltem Results: 0.3 W cm™ )

WATER FLOW RATE [L h™']
2 4 6 8 10 12 14

ob :

Tmax-HEATER - Tav-Rer [K]

0 200 400 600 800 1000 1200
C4F1g MASS FLUX [kg m™@ s™']
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Tmax-HEATER - Tav-Rer [K]

6/17/2013

Results: 0.5 W cm-2

WATER FLOW RATE[L h™]
2 4 6 8 10 12

0 200 400 600 800 1000
C4F1g MASS FLUX [kg m™s™']
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Tmax-HEATER - Tav-Rer [K]

6/17/2013

H,O vs. C,F,, &Y

WATER FLOW RATE [L h™]
D 4 6 8 10 12 14

10

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

200 400 600 800 1000 1200
C4F1g MASS FLUX [kg m™ 5]
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tem LOw Flow Rate Sensitivity

WATER FLOW RATE [L h™]

of -

Tmax-HEATER - Tav-Rer [K]

0 200 400 600 800 1000 1200
C4F1g MASS FLUX [kg m™ 5]
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M
em Two-Phase C,F,,: P1vs. P2

A

180° BEND ([ OUTLET
40 INLET
30 P1 G Apgr | ATger | Xin | Xout
07 [kg m2s?] | [bar] [K] [-] [-]

24

1 0.3 Wem?® Tavger=134°Cl 24> 1 0.14| 1.2 |0.08]0.42

—18

B G | Apgr |AT

3 Pst REF | Xin | Xout
By P2 [kgm?si | [bar] | K | [T | M
cc ==

0.3 Wem* Tavrer=13.9°C 577 | 9029 | 3.1 |0.140.40
a4z

0.5Wcm? Tavrer=16.9°G 307 0.32 3.1 0.05(0.71
2

6/18/2013 M. Gémez Marzoa 17




M

item TwoO-Phase Pressure Drop

1.0 = N ,

0.8 1 IDp = 1.450 mm
g 08 S
LL
> 0.4 1 IDp = 1.024 mm
g
& 0.2

0.0

-0.2

0 200 400 600 800 1000 1200
C4F{o MASS FLUX [kgm™©s™]
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i @)
tcm Outcome 2
Parameters P1 P2

03 W o m[gs® 0.40 0.22
: G [kg m2 s1] 242 271
TMax-Heater — TAV—Ref [K 19.1 6.3
Apgrayve [bar] 0.14 0.29
Material budget estimations P1 P2
X/X, (Full stave + no refrigerant) [%] 0.23 0.29
X/X, (Full stave + water in tubes) [%] 0.30 E::::(:)/E:Z: :::i
v/

Optimized prototype: x/X,<0.29% per Ié?er




P :
ltem Conclusions o)
= Two lightweight cooling proposals for ITS Inner Barrel

modules were thermally characterized experimentally.

= |nnovative solutions: towards a minimum mass.

v High conductivity carbon fiber composites.

v Plastic (polyimide tubing)

* CF high-conductivity plate prototype: balanced solution.
v’ Structural robustness at low mass (1.8 g).
v Low material budget: x/X, <0.30% per module.
v AT earerrerr < 15 K at high power density (0.5 W cm-2).

v Refrigerant: open choice (1 thermal resistance at prototype).



(|

ECOLE POLYTECHNIQUE

Heat and Mass Transfer Laboratory

Thank you

Acknowledgements:

CERN EN-CV Group for financial support.

ALICE Collaboration for the opportunity to work in the ITS Upgrade Project.
Prof. J. R. Thome for valuable advice and help.

M. Battistin, E. Da Riva and C. Gargiulo (CERN) for their time and patience.

ALICE



ECOLE POLYTECHNIQUE
Heat and Mass Transfer Laboratory

Backup slides

~/7_~



M€ : : @
tem  Material Benchmarking )
Material Type Uses Characteristics
K13D2U-2k Mechanical structure |y g5\ 1 -1
CE High-Conductivity Plate
-1 K-1
K1100 Thornel | P'eP"€Y High-Conductivity Plate A > 1000 Wm= K
: _ 1 k-1
FGS003 Gr?g)iTlte Enhance thermal contact A i
Polyimide Polymer Tubes Robust
y y Bends (research ongoing) Xo =29 cm
Robust
Sneelines Not very flexible
PEEK Polymer Tubes -1y
Connectors ULIE, S
Xo =29 Ccm
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ltcm

Mass Transfer Laborat

Experimental Facility (&)

[
>

CaF1o

Subcool

plant

C,F,, Loop

RN e
vw | PH | - ]Nﬁ_\/zl

CFM

Prototype

Leak-less
water
plant
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ltcm Experimental Facility D)

N

) ' Stave test setup.
Leak-less water plant. P C,F4, loop and plant.
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Lt
tem No-Flow Tests &)
Procedure:

1. Apply low power and record the average stave temperature.

2. Correlate power dissipated to air vs. average stave temperature.

3. When cooling the stave with full power, the power dissipated/absorbed
4 — —
| qAIR [W] 0.1386 ATSTAVE AMB 0. 0218

3

qair [W]

-5 0 5 10 15 20 25
ATgtavE-amB (K]
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Lt

Item No-Flow Tests &)

Assumption: average ambient temperature = 21°C
Tuax.stave= 30°C — ATSTAVE—AMB)MAX< 9K
P2: 1.2 W to room air (~12% of power applied, 0.3 W cm)
4 T T I
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, qA'R[W]°1386AT8TAVEAMB°°218
z 0
m e
< 1 | |
o K
or e i P2 |Rteeecon =7 w
L _9Ki,
-5 0 S 10 15 20 25

ATgtavE-amB (K]
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I(I’flI
ltcm Two-Phase Flow Tests 7’
VAPOUR QUALITY:

b T @@# Topn Tpb

Y 75,05
Subcool
CsF1o H NV1 Prototype
plant Ted \ T 4]
Y+ ﬁ?@ ,’ﬂf"
10, 125 125 10
H IR cam

X, = 9+ Yar
m(h4G - h4|_)

6/17/2013 M. Gomez Marzoa 28



il ..
item Thermal Characterization 3’

Global P2 prototype thermal resistance

0.8

0.7

0.6

0.5

p
Ristave-gLosaL [KW ]

200 400 600 800 1000 1200
C4F{o MASS FLUX [kg m© s™]
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.(I’ﬂ- . _ @
P1: H,0 vs. C,F,, @0.3 W cm2 N
Itcm 2
H.O Q Apg; \ Tho0an AT, 5
OUTLET 2 [L h1] | [bar] |[ms-1]| [°C] [K]
< s R 006 | 054 | 15.1 2.4
INLET = ). .
—40.0
e 4.9 020 | 0.84 | 148 15
— 36
. 85 | 046 | 1.47 | 147 0.7
— 32
P 121 | 073 | 2.09 | 147 0.6
—28 m Apg, Xin Xout AV.Tcsr10
26 [gs?] | [bar] [-] [-] [°C]
et > 016 | 006 | 0.08 | 092 | 15.0
20 020 | 007 | 008 | 075 | 137
040 | 0.14 | 0.08 | 0.42 14.0
060 | 020 | 0.06 | 0.31 145
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BCPH 5 )/
ltcm P1: H,Ovs. C,F,, @0.5 W cm- )

_ H.O Q Aps; \ Th20-N AT,
OUTLET - BEND | [L h?] | [bar] |[ms?]| [°C] [K]
—

INLET 1) 8.0 0.43 1.38 14.7 1.5
—45.0
) 12.2 0.77 2.11 14.8 1.2

—45

B Aps; Xin Xout | AV-Tcario
3 [bar] [-] [-] [°C]

— 3k

- 0.17 0.06 | 0.65 14.3
30 0.26 0.05 | 0.46 14.9

— 27

4 0.33 0.03 | 0.36 15.5
—21.0

T

» Results independent of the mass flow rates.

= Controlling the vapor guality at the inlet/outlet is very important.
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- ([l : : : @
o P1: C,F,, tests discussion D)
» Two extreme cases:
—46.0
2 Case: 0.3 W cm=2 L Aps Xin Xout Tearro.ou

-39
36
-33

[g s1] | [bar] [-] [-] [°C]
— 30

08 | 0.28 |<0.04 | 026> 133
—27

-2 = | ow vapor gquality at stave entrance.

-22.0
. T m, T HTC’ but TAp Since pOut = Constant, T plnlet, T Tsat-lnlet, TATFIuid

—63.0

—e0

—55

i : 5 m Aps; Xin Xout Tcar10-out
jz Case: 0.5Wcm wah | [ 0 3 °C]
B 02 | 009 008 | 1200 21.0

25 = Low vapor quality at stave entrance:

—21.0
© = Mass flow rate too low: superheated vapor at stave outlet

6/17/2013 M. Gobmez Marzoa 32



)

e P2:H,0 @0.3Wcm2 (&)
o Case Lo | an | g | o

- 3.0 | 023 | 152 | 24

5.0 0.25 15.0 1.6

6.5 0.34 15.0 1.2

8.0 0.54 14.7 1.2

10.0 | 0.62 14.9 0.7

12.0 | 0.84 15.0 0.6

150 | 1.18 14.8 0.6

a0 v. Gémez Marz .



@
Itcm

P2: H,O0 @0.5 W cm-2 Q@)

\J

BEND Case Q Ap TH20-IN ATHzo
INLET/OUTLET |[L h']| [bar] | [°C] K]

0.24 15.4 3.9

0.30 14.9 2.5

0.34 15.0 1.9

054 | 149 | 15

060 | 149 | 1.3

0.84 15.0 0.9

1.18 14.9 0.9

6/18/2013 M. Gobmez Marzoa 34



P
ltem R&D Phase )
ULTRA-LOW-MASS COOLING SYSTEMS
= Analytical & CFD studies: find optimal arrangement:
» Minimal structural x/X, (materials, thicknesses).

» Best thermal performance with minimum tube ID.
» Mechanical stiffness and simplicity.

/’ = '/‘/T//' ' ,’ » — =

CFD model P1: geometry
and Si T map results.

38.05 38.62 39.19 39.75 40.32 40.89
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ECOLE POLYTECHNIQUE

tem  ALICE ITS Upgrade Project &)
» ALICE: experiment at CERN LHC.

» |TS Upgrade Project: replace Inner Tracker System.

» Goal: design & implementation of new cooling system.

PROJECT SCHEDULE IS

2012-2014 R&D phase

m Study technology proposals. ™

Selection of technologies.
Qualification studies.

m Final design and validation.
Integration & final testing.

. ) ALICE
2015-2018 Construction and Installation
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Flex-cable bus

Mechanical
structure

Bump bonding
Silicon pixel modules

Detector module: STAVE

Detector Power Dissipation

Charged and neutral particles cross
pixel modules, leaving:

1. lonizing current: signal
2. Non-ionizing current:

radiation damage - energy loss

\ 'I@éraction \
___“paint N
RN Sl

L1, L2, L3

Inner Barrel geometrical constraints.

6/17/2013

Inner Barrel

Full ITS sectional view.
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