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1. Lightweight cooling system for ALICE ITS Upgrade

» Design parameters
= Experimental setup & methodology

» Cooling performance results

2. Flow boiling heat transfer in a polyimide channel
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ITS Upgrade sectional view

. . 12.5 GPix “camera”
Charged and neutral particles cross detector chips: 100-400 kHz

1. lonizing current: signal

2. Non-ionizing current: radiation damage - power dissipation

> If Ty, 1 7 K, 2X radiation damage (irreparable!!)
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I -
e Design parameters
Power dissipation 0.10 W omr™ (2015) HLICE
0.15Wcm=2 (1.5 FS)
Chip temperature < 30°C
Temperature non-uniformity 9-10 K

_ IB: x/X, < 0.3% per layer
Global material budget MB/OB: xO/XO < 1.0% per layer

T
7 X| { _| x=1 mm of material XIX, [%]

Particle
%7100 [%] Copper - 6.94
X, Polymide (Kapton®)  0.34
— x 716.4- Ay ‘em] CFRP (K13D2U-2K) | 0.42
Z(Z+ DIn =2, Water (liquid) 0.28
JZ Two-phase R245fa 0.06*
*g=0.85
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e : : @)
em Ultra-light cooling concept &
5 5 5 ALICE
Spaceframe “ T T " Graphite foil
------------------------ A~1000 W m-! K-

A=620-1000 W m-! K-

9 Chips
270 x 15 mm

[1] Gobmez Marzoa et al., ExHFTS8, Lisbon, 2013.
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B : @)
tem Single-phase water &

+ Radiation hard - Leak-less (Ap < 0.3 bar)  aLce

+ Loop simplicity - Liquid: 1 x/X,

@ Dummy load: Kapton® heater
—— Q> B
VFM NV,

Leak-less Y @ /@ @ 5

water NVIEH :1:Zt::::::ZZZZZZZZZZZZZZZZZZ:ZtZZ:ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZt: 3 |15
plant 110]10 125 \ 125 /]10]10] 'S

— Cooling performance:

1 & T +T |
coolant,out coolant,in
Aneater—coolant = g E T NTCi — 2 < 15 K
l=
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M CPFL O
ltem Two-phase C,F,, loop 2

+ Radiation hard, dielectric %
+ P =1.9 bar @15°C - More complex loop ALICE
+ | x/X, - Flow distribution (346 staves)

) con T
: E > -
Y < 300 R

C4F 0 Hﬂ Subcool
NV,
A 4

plant

- NV,

15 Zﬁﬁ:ﬁ:;ZZIZZZZZZZZZZZZZIZZZZZIZZIZZIZZZZ;ZIZZZZZIZZZ::IZ:Z::Z:ZZ:7-ZZZ' ———
5 [10[10]\ 125 / 125 /]10]10] : ;
S ® @ @ b Tups

i 4 n heater air :
E 1 + l4 lS,l
_ heater . GA.
G = . A Xy = f(py.iy) X5 = L
llv in-out ] l5,lv
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tem INNer Barrel: stave layouts X

s ot e Carbon fleece (20 pm)

5 5 s —— ALICE
F——»:—N——» / Graphite foil (30 um) 34
% % / Polyimide channel (1.024 mm ID) 1.4 g
IB1 — ——.__ KI3D2U-2K plate (70
y . 2K plate (70 pm)-— | Total x/X,=0.29%
15 ., \Carbon fleece (20 pm) (water, services
included [2])
Carbon fleece (20 um)
4 X 5 5 5 e
r—w—w—»’ Graphite foil (30 pum)s#
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O T
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B 15 | Carbon fleece (20 pm)

_______________
——————
———————
~
~

”

S B R B e
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B3 ot IS0 (45 ) 1.7 g
15 A\ _K13C2U-2K (45 pm),”

-
-
— =
- -
e e e e o e e
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_:2 /)
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaa Water: ATheater-water’ 0.15 W cm

3 —_— 77— ALICE
| Heat load [W] e g; -
" A |
! 6.061 \\§- IB3 |
62\62 6.3 v

6 + [ 6.4 B 5 K13C2U-2K (45 um) *

— T 6.5 | 5 .5 Y
M — | T : i i Polyimide channel (1.024 mm ID)
— 5 ' T J ' , ~_K13C2U-2K (45 pm)-—

St

% I15 - \_KI3C2U-2K (45 pm),”

= 4 Carbon fleece (20 pum)

é > > / Graphite foil (30 pm) 4

§ i 6 4 6 6 6 7 :' ‘: 4//{ Polyimide channel (1.024 mm ID)

= 3 - _ ~._K13D2U-2K plate (70 pm)-—
2 i 15 Carbon fleece (20 pm)

Carbon fleece (20 um)

e | / Graphite foil (30 um)z#

'f‘l u Polyimide channel (1.024 mm ID)
>_K1100-2K plate (90 pm)-—

! ! 15 - \_Carbon fleece (20 pm)

2 4 5 6 7 8 9
Water flow rate [L h'l]
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I

i.cm Water: total Ap (inc. smgularltles)

®9

1.4 . I . I ALICE
| [ Singularities (Idelchik, 1966) [3]
12 | KX Straight line (Churchill, 1977) [4] |
—O— Experimental, IB1 , /L
1.0 | T -
r— " | /L T
..E 08 | 1 T ’ -
% I | E/L \f | ]
é]'f 0.6 | | 1 Y -
| — L |
04 r S S b ¢ :
v _ SN b _
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0.0 ' '
600 1000 1400 1800 2200 2600
Rewater [-]
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ICPr i
tem 1B2: 2-Ph C,F,, 0.30 W cm?2
Water flow rate [L h' ] ALICE
2 3 4 5 6 7 8
10.6 10.3 |
o 6t 11%.0 1(%‘6 + + :
o — 1y |
z_c N 10.7 10.8 10.9 11.0 11 . |
C,F.,vs. H,O:
. : }ijgi)has.e C4F ) | 110.45"2) MI?, s;ve*
0 200 400 600 800 1000 1200

C4Fo mass flux [kg m?Zs]

17/05/2016

*&=0.85 as by Steiner [5]
void fraction method
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M CPFL O

itcm 1B2: Water vs. C,F,,, 0.30 W cm™

&)

N/

ALICE

—23.0
—22.5
—22.0
—-21.5
—-21.0
—20.5
—20.0
—-19.5
—-19.0
—-18.5
—18.0
—-17.5

H,O, 3L h-’
14.9°C Ap=0'32 bar ) ATheater-max=6-o K
17.3°C
C,F., 270 kg m? s
X. 1 ATsat=4'6 K ) ATheater-max=6-5 K
Tsat out_’I 6.2°C
P e sttt o o D S
Tsat out_11 6°C
Xout=0.72
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i.em Quter Barrel: half-stave layouts =

Carbon fleece (20 um)

10 10 10
rl 1\ "I“ / Graphite fOll (30 um)?g ﬂ L IC E
Polyimide channel (2.052 mm ID)

— % _________
OB1 — 20.4 g

—————————————————————— ~__ Carbon fleece (20 pm)

_____________________ N K13D2U-2K plate (120 pm) <> T

Carbon fleece (20 pm) Total XIX0=0.770%

Carbon fleece (20 um) (In C. Water, Servi CeS)
10 10 10
Z X | , | / Graphite foil (30 pm) % l
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—y T
- il T
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®9

-

K13D2U-2K (40 um) 7>, 20.7 g

Lo

-~ e

8.5 29
) J/ Graphite foil (30 pm)z4 O 9
P P - 0/ *
" Polyimide channel (2.667 mm ID Total x/ X0_0741 /o
| (i G
a M ) <> . .
=k services included)

Carbon fleece (20 pum) -
*&=0.85 as by Steiner [5]
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Water: AT

D)

'2 N7
Itcm heaters-water’ 0.15 W cm
|| ||® ||’ |@ |@ ||® || OUT ALICE
1 6 & [:z
@ m @ I @ I IN
10 - . - . - . - .
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64.7 |
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g 6 7 657 67 9 % , + N
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3 4| -0-0BI ﬂ]]]][ﬂ]]]]]ll]ll]]]][l]] K13D2U plate 120 um ! 67.6 i y
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2 r E—— K13D2U 40 ym —~ i |
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=——— K13D2U 40 ym
O : T : T : | | L
5 7 9 11 13 15
\/ Water flow rate [L h'l]
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A’I‘heaters-coolant [K]

ratory

17/05/2016

OB3: 2-Ph C,F.,: 0.15 W cm2

Water flow rate [L h'l]

ALICE
8 12 16 20

DY PO :

L4t

7
\

oy -

N
\
\\

. o T
I A Y |
: L1 X : —

Xin ['] Xout ['] ATheaters—C4F10 [K] ]

® OBI, water 016 059 5.9 _
—&~ OB3, water 0.03 0.43 6.1
—A— OB3, two-phase C,F;,  SC=3.5K 0.34 8.1

200 400 600 800

C,Fy mass flux [kg m™ s'l]
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el @y
itcm OB3: Water vs. C,F,;, 0.15 W cm™ &
”\? J”@&? 1” l'@ LI@ J”@ JII OEHT:ICE

@ I IN

300 20.7°C
s -—
_28 .-.-‘_
-26 ' 13.8°C
|24
By (@) 0.15Wem?, 63Lh", Ty permear=17-2°C, AT peaterema=3-3 K
20 _

18 [ | C4F10 Xout 0 67
16 30.0 | 27.1 18.1°C

- >
L ——] - -
—12 30.1 28.2 23.1°C
100 , - x;. =0.07
’C (b) 0.15Wem™, 226 kg m™s™, Tcar10-mean—20.6°C, AT} eatersmax=8-0 K 71
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1. Lightweight cooling system for ALICE ITS Upgrade

v Innovative solutions: plastic tubing & CFRPs.
v" Robust, low material budget.
v AT <7 K@0.15 W cm. Water or two-phase C,F,,.

heater-coolant

» No data in literature on flow boiling in plastic channels

» HTCvs. G, q, T, 7?7

2. Flow boiling heat transfer of R245fa in a polyimide channel

Heat Transfer Research Group (Prof. Ribatski), Escola de Engenharia de Sédo Carlos, USP,
9-month project funded by the Swiss National Science Foundation (SNSF)

Doc.Mobility Project no. 155264 EILM
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Al .
e Polyimide channel USE

* Dimensions measured in microscope:

> 1ID=2.689+0.025 mm
» w=0.063+0.011 mm

» Statistical aver. roughness: 12 nm, AFM (Fiorenza et al. [6])

" Apoyimige= 012 W m™ K
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. e 3C T2 TF=E592.693 mmID ] <— R245fa
— ) | 215140
Heated length: 285

4. Visualisation 3. Polyimide channel 2. SS Preheater (PH) 1. SC R245fa

Quartz, 2.1 mm ID 23 mm ID SC=10-20 K
4000 fps High-speed camera

A

AT, o= 0.9-25 K

water™

Q=mc,AT, . = Re,ue=3500-5500
Glass ID =4.925 mm
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high-speed
video-camera

L P
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liquid sub- 1
T1P4 cooler 2 1
| I
thyi Coriolis flow
ethylene met
glycollwater o
solution
17/05/2016

Experimental apparatus

ethylene
glycoliwater

solution
C Y ¥ YT

refrigerant

t

ank

condenser

| section

visualization

=== y—v—

-

cooler 1

needle
valve

liquid sub-

U filteridryer

pre-heater DC power
source

\
< : ) Gear pump
Thermal bath
Rotameter

I A

>| ethylene
2 glycol/water

solution ) @)\

< A Test section

UNST

Facility: Tibirica and Ribatski (2010) [7]

y

-
e

-
-

Parameter

Uncertainty

T (type K) 23-79°C
Water flow rate 40-80°C
Ap (differential)

P transducer

Coriolis flow meter

0.10-0.11 K
0.031 L min"
150 Pa
4.5 kPa
0.1% g s

h

ts,mean

xts,mean

13-39%

M. Gdmez Marzoa

23



:(:: Two-phase tests: data reduction “>F

aaaaaaaaaaaaaaaaaaaaaaaaaaaa

= Mean HTC (hy ,,):

1
L

heated

h =

ts,m

D,)

conv,int (

T  mTTTENSS 7T N
R _ Twater,m TR245 fa,m , \' K
conv,nt ~cond wall 7 < conv ,anmw
L, / ~~~~~~~~~~~~ W
ne

Water-water tests Petukhov [8] (validated)
= Mean vapour quality (x; ,,):

Qph +1 h.i ) ilt ' Qph + Qnet +1 hin)_il ts out
G, A P o G,A ., GLA, e "
xts,in - . xts,out =
llv,ts,in llv ts,out
Gkgm?sT] qkWm?] T,[°Cl Xmean []
100-500 15-55 35,41,47 0.1-0.9
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L .
e Results: influence of G = 'SF

x 10°
6 | I2 1 | | I | | | | 2
G[kg m-s ] Tsat:4loc, qts,mean:15 kW m
5t e 100
N m 200
c\lnM 4+ A 300
S
Z 3
= i
gﬁ ] A
& 2_ AN wm
1t
O . ! . ! . ! . ! .
0 0.2 0.4 0.6 0.8 1

th,mean [']
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Results: influence of G 'SF

400 kg m?s!
Vv Experimental
Liu-Winterton [9]

------ Kanizawa et al. [10]
——-Kandlikar-Balas. [11]

x 10°
s
i Tsat=47°C ; qts,mean:45 kW m
T
] G=300
N OF
. A
a i
= 55— 4 ]
4
<= _
3t
2 A . A . A . A
0.1 0.2 0.3 0.4 0.5 0.6
th,mean [']
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Results: influence of q

Itcm
x 10°

- Ty, =41°C; G=200 kg m™ s™!

9 i) Amoutw018 0
'—,r;' 5 qtsmean kVV/m]/'
U AXjy o= 0.30 "
= peal

- [ (i%'JA |

& Y

L

1t

0 ‘ ‘ ‘

0 0.2 0.4 0.6

th,mean [']

17/05/2016

x 10°
5 -
sat_410C N R
| G=200 kg m’ SIAD‘ .A'
TM 4t Y= m A
‘\u'a A QD_> l.A
A A
i 0 O
E 3 i A . A
g A Ha
2 A O A
,ﬂg 2" ) O - IA.’ (ts,mean [kW m—Z] ]
OO0 W
XIn XQOut
1t 7 m15
A A 25
O ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 0.2 0.4 0.6 0.8

USY
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(- .
em . Results: influence ofq

10
10 - ' - ' '
T =41°C; G=300 kg m? s™!
A
= 8 "
N i V
‘T‘ V
E 61 RN Vv
B /’ V \\ ka -2
. I ( I O%Hﬁ? v v (ts,mean [ka ]
5 4 2 R L 8 Kanizawa
= -7 O “layr J Exp
3 0Q 3 X J] et al. [10] )
< O & | O e 15
2 o ® T - A A 257
X Mo 35 ||
) v v 45
0 0.2 0.4 0.6 0.8 |

th,mean [']
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- Results: influence of q

USY

x 10°
6 . . . . . .
T, =41°C; G=300 kg m? s
51~ —Cioncolini-Thome [12] .=~ B
— - \ 4
M :
o 4t $a
&
E 3 qts,mean [kW m—2]
5 | A ¥ [9] Liu-Winterton Exp
- S R Y — m 15
= 9l — A 25 |
— = ® 35
—-- v 45
1 I 1 I 1 I 1 I 1 I
0 0.1 0.2 0.3 0.4 0.6
th,mean [']
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tem . Results: influence of Tg,, ™

6 . .
L G=200 kg m? 57!
S qts,mean:15 kW m—2
L4
C\IIE L |—*—|
3 ]} Ay W
E. [ ] g
5 2 [ ] ‘n T'
E tm ] Teut [°C]
=l m 35
_ A 41
O . L . L . L .
0 0.2 0.4 0.6 0.8

th,mean [']
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iem . Results: influence of T,

xlO

- G=300 kg m s'l; (ts,mean=20 KW m

th,mean [']
17/05/2016 M. Gdmez Marzoa

USY

z |
% 2- Tsat [OC]
g“ - Cioncolini-Thome[12]| Exp
=1 — m 35
e A 4]
N ——- M 47
0 0.1 0.2 0.3 0.4 0.5 0.6

31



e .
em  Concluding remarks

Heat and Mass Transfer Laboratory

1. Lightweight cooling system for ALICE ITS Upgrade
v Innovative solutions: plastic tubing & CFRPs.
v" Robust, low material budget.
V' AT, cater-coolant < 7 K @0.15 W cm-2. Water or two-phase C,F,,.

2. Flow boiling heat transfer in a polyimide channel
v 1 HTC with | T, at high G, high .
v' 1 HTC with 1G, 1x
v" HTC not depending on q

mean

] Convective boiling

v" Cioncolini-Thome [12] convective method fits experimental data.
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= ALICE ITS Upgrade

» Cooling tests on fully assembled staves (chips, glue, FPC, power bus).
» Cooling test full staves assembled IB, OB layer.

» Loop design (water).

* Flow boliling heat transfer in a polyimide channel
» Influence of diameter (1.024, 2.052 mm ID), fluid (R134a).

> Direct flow visualisation (transparent Kapton® tube).
» Improve test section: thermopile, local HTC measurements.

» Condensation tests.
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