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Temperature (°C)

Temperature (°C)

Boiling onset problems in IBL

Boiling onset seen during bake-out
The temperature of the inlet of the staves is Liquid cooling Partly boiling

irregular causing problems for the alignment N
; - Stave 14

Full boiling

IBL temperatures for set point -15°C; Measured data and CoBra simulation results

6~ Inlet:
Cable temperature: -3.8+0.8 °C / -2.3+0.8 °C
Cable board temperature: -6.2+0.2 °C / -0.740.2 °C

Outlet:
Cable temp.: -4:0.9 °C / -2.4+1°C
Cable board temp.: -6.1+0.3 °C / -0.8+0.4 °C
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By Bart Verlaat Boiling onset seen during normal operation
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IBL boiling Onset investigation

* We build a real size cooling
mock-up of the ATLAS IBL stave
pair to investigate boiling front
movement phenomena

* Reproduce current situation as
seen in ATLAS to understand
what is ongoing

* Finding the best solutions to
improve current situation in IBL
= Optimize flow

= Optimize manifold

05/07/2017

co,
Cooling
plant
in SR1

Mock-up scheme

- < Manifold Box
l Vacuum
K/v\ station
Transfer lines 31 m

Place sensors along
the cooling tube to
investigate
temperature profile
(Both sides)

A

Direct heating on pipe

D1.7x0.1mm D2.2x0.1mm

D1.7x0.1mm

D2.2x0.1mm D1.7x0.1mm D1.7x0.1mm

2657mm

A

Heating with silicon
heaters on real stave
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Mock-up location in SR1

R-C14

—
R-CO4 IBL detector mock up

Flex lines

Static height is an
important issue!
Due to that, we need to
place the IBL dummy
staves in the
basement of SR1

1 1 /Y 1
----------------- Crain
Manifold | Cooling plant Vacuum o
Box outside station «— D s Crain rail
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o s, 1R
) | Side View r | L 115m
- Vent pipe Level1 Ventpipe
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Flex Transfer 7 '\ Manifold Box
line Middle of manifold
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4.05m — Level 0 —4.05m
4m \
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| 1. 43 \ \
2 - Flex tranfer line
Co, 2 et | Cooling
Entrance Cooling 3 nirance Plant
plant Vacuum o Vacuum
Level 0 ; station
station _
! ' IBL Level -1 Photo 2
| > L
2.1m — i Water supply to cooling ! 1,5m . detector IBL dkEteCtor | m
I station as a reference for MB " mock up mocK up
3 Level -1 location 1 —
- |
1.8m
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Setup overview

Manifold box
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The expected effect of flow reduction

O 4
% Concentric flex line Concentric flex line
© IBL
o
Q.
S
= A
Higher liquid dT =4
more heat
required ¥ -/ O\
Lo feprd e /)/é’b,c IReduced tempe;ature due to
less heat N IR D SN S /% ______ ower pressure drop

required

Lower flow='steeper
heating curve

Tset-point

»

Loop lenght [m]

Heat exchange
By Bart Verlaat

Flow reduction should give less pressure drop and hence less sub cooling at the pipe inlet.
Less sub cooling means less liquid heating is needed.

Less flow means heating goes faster

=> Boiling should be easier to get started
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o el $ATLAS
15t results from SR1 test

Dummy pipe cooling profile
Cooling SP -20 [°C], Q=25 Watt

8
+2.5 [g/s] Inlet cooling pipe IBL  Inlet cooling pipe IDEP Flexline
—~2[g/s]
/ 1.5 [g/s]

—--1.25[g/s] Flow direction -
6 = 1[g/s] Boiling triggered
0.75 [g/s]
«-0.5 [g/s]

—

Super heated liquid
present in inlet pipe

PP1

Offset Temperature from outlet saturation [°C]

Flexline oE

10 12 14 16 18 20 22
Loop Lenght [m]

0

15t results from SR1 show the superheated liquid in the inlet tube

Flow reduction looks promising
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-low reduction results
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-1
—@— 25W_2.5[g/s]
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4.5

3.5

Temperature [°C]
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Results from SR1 test

Inlet cooling pipe IBL Stave Outlet cooling pipe

Setpoint: 0 [°C]
Power: 0 [W]
Dummy pipe

Superheated liquid
present in stave

Flexline IDEP

—— 0W_1 [g/s]
—A— 0W_0.5 [g/s]
—@— 0W_1[g/s]
—A— O0W_0.5[g/s]
—0— 0W_1[g/s]
OW_0.5[g/s]

IDEP Flexline

Loop Lenght [m]
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Test of flow reduction in IBL (Nov 15)

By Bart Verlaat

EP-DT §ATLAS

Detector Technologies

6

Tsp=-10'C
O Maniold saturation

4 Manifold Pos 3 o
Manifold Pos 5
(o)

Manifold Pos 6 Current IBL flow (o}
2 Manifold Pos 7 ! e &
_ I D
Manifold Pos 9 i (’b&' (o)
Manifold Pos 11 1 ((\Qe O
0 Manifold Pos 12 | (\\’e (o) 2
(S) Manifold Pos 13 : $1° Q o
o anifold Pos Manifold low 2 5 o
; flow ljmit c
£ -2 Dryoutin
s ; Manifold
g manifold pos 7 o
£ boiling starts
L

o g@ 3 \!‘0 Coo\'\“%
° £ de<f eas®
™

1
\ Increasing liquid temperature

0 5 10 15 20 25 30 35

Massflow (g/s)

-10
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Flow reduction results

17 1 20
—e—TT3001 . o
SatT3001 Setpomt. 0 [ C]
15 18
moso | Power: 0 [W]
TT1070 D t
; 00 ummy stave "
—@— SatT4001
——DP 1
11
O 12
';' 9 Boiling triggered in Manifold —_
5 Box (should be avoided) 1.1 [g/s] o
-~ 10 2
(0] —_
o o
g— 7 Stave Boiling o
. triggered 8
]
2 2 phase flow inlet 0.75 [g/5]
temp starts fallow
3 oultet temp
6
Old IBL position
3 / e—— flow 1.25 [g/s]
® \ ‘
.
L 2 phase end of stave o ® ,
Outlet saturation temperature

F
. 1,
04 0.9 1.4 1.9 2.4
Flow [g/s]
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Flow reduction results

T Setpoint: 0 [°C]
TT1020 .

. oo Stave inlet temp Power: 0 [W]
—e—TT1040 inlet 6 Dummy stave
—e—TT1050 \

2 171060 inlet 5 \

=@—TT1070 \
— =@—TT1200 inlet 4
° —e—5atT4001 :
— 15 inlet1 __ _inlet?
v ~
2
8_ 2 phase Stave OUtlet/k
e 1
P oing down
2 phase flow temp. &

Flexline dp

2 phase flow inlet temp
starts fallow oultet temp

v
outlet Saturation temp

0.5

-0.5

0.4 0.5 0.6 0.7 0.8 0.9 1 11 1.2 1.3 1.4

Flow [g/s]
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Flow reduction results

0
—@— 70W_2.5[g/s] Setpoint: -30 [OC] 5 .
ry-ou
row2lesl - [ Power: 70 [W] s
5 OWLSEE  Dummy stave
70W_1.25(g/s] Vapor instead
—e— 70W_1[g/s] of 2 phase flow
—e@—70W_0.75[g/s]

-10 —@— 70W_0.6[g/s]
—@— 70W_0.5[g/s] \ ‘

—e— 70W-0.4[g/s] /t\\\ ‘/%

Temperature [°C]

-20
Eastimate
dturation
T --- */
5 —————— @ ——————— {/
-30
10 12 14 16 18 20 22

Loop Lenght [m]
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Boiling hysteresis

Setpoint: -20 [°C] —@— TT1040 Decreasing flow

—@— TT1060 Decreasing flow

-13 = Powe r: 25 [W] —@— TT1200 Decreasing flow

- —A - TT1040 Increasing flow
et 2 Dummy stave

I - —A - TT1060 Increasing flow
-14 . - —A - TT1200 Increasing flow

'g -
= [ 1 (N R S P j
B . — Lt i IS
o©
w i
Q- = //t
E __________________________________________ A
@
el
\T\creas’mg flow test
| | Old IBL position
| | flow 1.25
19 le— Hysteresis ! d 2L posto
-20
0.4 0.9 P - _

FLOW [g/s]
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VCR gasket with calibrated orifice as

solution for non b0|||ng

VCR gasket with
calibrated orifiece

==Lenox

The Leader in Small HI e Technolo Ly

E

3

—
E
;

Manifold modification

| ATLAS IBL manifold box
Swagelock VCR

Restrictions

I connection
Turattor (560 36 | SR1 mock-up manifold box
|
d | e VCR gasket with calibrated orifice allows to
dummy load z . .
EHX17 ; « reduce flow in the experiment
_ ’16 e ! Manifold box Is beneficial for boiling control
= & -~ I r ] Boiling should be easier to get
I / : started
MV018 — 1 _ .
; : l'\ﬁ 7‘7_ Low te.mpergture in stie\ve
x20 | Easy and quick to install during EYETS
|

N~

Stop of cooling needed
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EXPERIMENT

Manifold modification as one of non boiling

vy

Ay
PK

N/

operation

solution
* Manifold by-pass S [
allows a higher — 6
manifold sub cooling e I
* Is also beneficial for | Tt ey
plant sub cooling El i o r
e Better low = : 1
temperature o / : R AP A A
|
|
|

| 20 .

* Does not change the * Restrictions

IBL conditions o

. o Saturation temperature
e Easy to install 2 . ’
. 5 Manifold

e Stop of cooling S boiling

needed g’ area

) Area with easy

More subcooling
is needed

* Restrictions will help boiling start
for better flow
distribution and
increased manifold :
sub cooling

Liquid temperature

%
o@mo
% Og%gmoop nggommpo ¢ (p”%@%o

25 30
By Bart Verlaat
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' ' CERN
\
pK s EXPERIMENT

Requirements for gaskets with calibrated
orifice

e 5 [bar] of pressure drop after gaskets with calibrated
orifice for diffrent Setpoints and flows:
e SetPoint range 57-15 [bar]
* Flow range 1.2-0.6 [g/s]

* Size of gaskets which were ordered from LENOX
LASER:
e 275 Micron
* 250 Micron
e 225 Micron
* 200 Micron

05/07/2017
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250 Micron orifice results

Profile plot Dummy Stave SPO[°C] 25[W]

—%— 25 [W]-2 [g/s]
—+— 25 [W]-1.5[g/s]
25 [W]-1.25 [g/s]
—<— 25 [W]-1[g/s]
—%— 25 [W]-0.75 [g/s]
25 [W]-0.6 [g/s]
—&— 25 [W]-0.5 [g/s]
—A— 25 [W]-0.4 [g/s]

Temperature [°C]

Loop lenght [m]
05/07/2017 K. Sliwa
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225 Micron orifice results

With 225 micron orifice

Profile plot Dummy Stave SPO[°C] 25[W]

25 [W]-1.5[g/s]
—<— 25 (W} gfs] / —<— 25 W]-1.25[g/s] o
8~ 25 [W]0.75gls] = o 25 (WL [gfs] Max tem P 6.7 [ C]
25[W]-0.6[g/s] 25 [W]-0.75 [g/s]
—— 25[W]-05[g/s] A —&— 25[W]-0.6[g/s]
—4— 25 [W]-0.4[g/s] /

N
T

Temperature [°C]
i

Without gasket
Profile plot Dummy Stave SPO[°C] 25[W]

—#— 25[W]-1.8[g/s]
—— 25[W]-1.5[g/s]
25 [W]-1.25[g/s]

Max temp 6 [°C]

ST
O
oo
_ ———
—
<&
~
N .
T

Temperature [°C]

14 15 16 17

—— 25[W]-2.5[g/s]
———25[W]-2[g/s]

—A— 25[W]-0.5[g/s]
25 [W]-0.4 [g/s]

Loop lenght [m]

Loop lenght [m]
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200 Micron orifice results

With 225 micron orifice

With 200 micron orifice
Profile plot Dummy Stave SP 0[°C] 25 [W]

Profile plot Dummy S

tave SP 0[°C] 25 [W]

7 7 T T T
—F—— 25[W]-1.8[g/s] —&— 25[W]-1.8[g/s]
——+— 25[W]-15[gls] ——— 25[W-L5[g/s]
25 [W}-1.25 [g/s] 25 [W]-1.25 [g/s]
— < 25[W}-1[gls] o —<— 25[W}-1[gls] o
25 [W}-0.75 [g/s] Max temp 5.7 [ C] 25 [W1-0.75 g/s] Max temp 6 [ C]
L 25 [W]-0.6 [g/s] ! L 25 [W]-0.6 [g/s] / _
6 —— 25[W]-05[gls] 6 —— 25 W05 [gls] *
—4— 25[W]-0.4[g/s] —4— 25[W]-0.4[gfs] //,,,\\ »
V \ ///"L
| \/
777 \*//
47
5[ - 5 g \/ _
o )
S -8, _
g g
2 2
g o
g g
5 1E L i
= -
% =
Zx 7777777777{?/
-
S
0 L L L L L | | ) ) )
12 13 14 16 17 18 9, 13 14 16 17 18

15 15
Loop lenght [m] Loop lenght [m]
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Detactor Technologie ATLAS
New IBL Manifold Bypass

. . . . .
Design in Max-Planck-Institut fir Physik:
Markus Lippert
i
3
4
1
[0 | 01
ra
msiaren [
Max-Planck-Institut fir Physik I
] @ ey 5
s oo
T r— 8
C02-ATLAS-BELLE
G .
2 [1 Jholder 12-050401.ipt Alu-Leg ot gz Loz Hanifold Bypass
T [1__|t02 Manifold Bypass Pipin 12-051000am CEERR PRI £02 Manifald Bypass
b L . e T
3 [1[Zyl_Sthr_m. Schlitz - PA 66 M3x10 150 1207 lahnl. DIN B4) €02 Manifold Bypass 112-050000.idw
& [T insulatien COZ Manifold Bypass TZ-05060015¢ AF-Armaflex le: ol
i | 51, Banenung Zech, e £ TV W, arvatatr Abnessmgen 7 0, W orm Brmirhung 1 TP ST
Shickliste Te TIN K 30 3% - A2 1o » 5%l
.
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Modification of IBL Manifold Box

- | W { -
3 \ s v o
\§ P LS
FE W i
I\ LY N
i1 e}i'
- 2k
£

Gaskets with orifice installation

05/07/2017

New 40um filter before IBL
Manifold box

K. Sliwa

New By-pass
in Manifold box
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Pressure drop [bar]
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CE?W
3

<7/

ATLAS

EXPERIMENT

IBL with orifice DP-Flow characteristic

DP-Flow characteristic

for SP=0O[°C] Q=0 Watts

DP-Flow characteristic for SP= O[°C] Q= 0 Watts

35 T T T T T T T T T
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Detector Teanologle EXPERIMENT

ow reduction tests of IBL cooling syste

with detector connected
Time Range | YAxes v| save | other =|114)” g7 auto Time Pange ~| Vawes ~| Swe | Other ~|11f g7 v [N cose | Peoeres -

Ml -—
N B
B B ™ =
z T
L Oiling Okcillati Stable :
: scillations =
E reduced i
S flowe S
13/03 13/03 13/03 13/03 13/03 13/03 13/03 13/03 13/03 13/03 13/03 13/03
14:00 15:00 16:00 17:00 18:00 15:00 14:00 15:00 16:00 17:00 18:00 15:00
: 1303 19:11.516 1303 19:11.518
[7 TTmOliemp :LI_S13_A_M4_Tmodule 187 [ TTmOStemp :LI_S13_C_M1_Tmodule 1.58 [z TTeOl.temp :LI_SD5_A_M4_Tmocluke 2.08 @ TTe05.temp :LI_S05_C_W1_Tmodule 1.72
P TTmO2temp LI_S13_A_M3 Tmodule 166 I v TTe02temp :LI_S05_A_M3 Tmodule 208 I
7 TTmO3temp LI_S13_A_M2_Tmoduke 168 7. 1.59 [ TTeO3temp :LI_S05_A_MZ2_Tmodule 223 ~ TTel7.temp :LI_S05_C_M3_Tmoduk
v . ¥ 1.78 v 2 TTels.temp LI_E M4_Tmodule 2,
Time Range ~| ¥ Axes ~ Save Othar '|‘I:1r g [¥ auto Time Range ~| ¥ Axes v| Save |Other '|‘I:1r g 7 qul-:-_
E M- Py —
- -— :
- o ——

poe— : Boiling =
: eating : =
e super h :
z -
- 1 1 ‘ 1 1 1 1 ‘ 1 1 I 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 = | 1 1 ‘ 1 1 1 1 ‘ 1 1 I 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1
13/03 13/03 13/03 13/03 13/03 13/03 13/03 13/03 13/03 13/03 13/03 13/03
14:00 15:00 16:00 17:00 15:00 15:00 14:00 15:00 16:00 17:00 15:00 15:00
131031811517 1303 19:11.108
[7 TTOltemp :LI_S08_A_M4_Tmoduk 2.24 F TTioStemp LI_S09_C_M1_Tmoduk 206 [7 TT01.temp :LI_S06_C_M4_Tmodlule 200 F TTiOStemp :LI_SD6_A_M1_Tmoduke 1.89
[# TTOZtemp:LI_S09_A_M3 Tmodule 2.29 ~ v TTi02temp:LI_SD5_C_M3_Tmodule 2.08 ~

[7 TTO2temp:LI_S09_A_M2_Tmoduk temp :LI_S08_C_M3_Tmoduke 216 7 TTi02temp:LI_S06_C_M2_Tmoduk 221 ~

v C_M4_Tmedulke 1.95 v 2 TTH *N MM4_Tmedule .00
Time Range ~| ¥ Axes ~ Save Time Range ~| ¥ Axes ~ Save J_Other = | 11 '— kg [¥ auto _
T -— B 7

i —-— ’ s

- ting
N = Supe\" hea
- 1 1 ‘ 1 1 1 1 ‘ 1 1 I 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 I 1 1 ‘ 1 1 1 1 1 1 1 1 ‘ 1 1 1 1 1 1

13/03 13/03 13/03 13/03 13/03 13/03 13/03 13/03 13/03 13/03 13/03 13/03
14:00 15:00 16:00 1700 18:00 159:00 14:00 15:00 16:00 1700 18:00 159:00

<1303 19:11.517 1303 12:11.110

|7 TThO1.temp :LI_S08_C_M4_Tmodule 210 [# TThoStemp LI_S08_A_M1_Tmodule 2,04 [ TTiOltemp LI_S10_C_M4_Tmodule 2m [# TTiGtemp :LI_S10_A_M1_Tmodule 1.84

[¥ TTho2iemp:L|_S0B_C_M3_Tmoduk 2.2 [ v TTP2temp:LI_S10_C_M3_Tmoduk 1.81 [

F TThO2temp :LI_S08_C_M2_Tmodule 193 Ird TThOT.temp :LI_SD8_A_M3_Tmodule 218 7 TT03temp:LI_S10_C_M2_Tmodule 200 I TTO7temp LI_S10_A_M3_Tmodule 206

v M4_Tmodulke 220 v 2 TTO8 temp :LI_S M4_Tmoduke 204
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\ Detector Technologies ATLAS

Modules temperatures with unpowered and™
powered detector

{3 IBL_TEMPS: IBL Temps

Unpowered detector

LI_S0O1 | 5.8C| 4.1C 21c| 1oecCc| 1.7C)| 19C) 18C| 19C| 19C| 1.2C 4.1 C 6.6 C

LI_S0Z 3.8 C 20| 19C| L8 C) 1,890 21C) 19C| 22C)| 21C 4.2 C 2.0 C
LI_SO03 6.6 C 40C 21c| 1.&8c| 1.8C| 20C| 21 C| 22C | 21C| 2.2C 4.2 C 7.4 C
LI_S04 S5.0C 4.3C 22C| 19C| 23C)| 22C| 20C| 21C| 21C| 20C 4.0 C 5.2C
LI_SO5 4.1 C 22¢c| 21c| 19cCc| 1.8C| 1.89C | 23C| 21C| 214 C 4.2 <

LI_S06 S.0cC 4.00C 20Cc| 21 cC| 23C)| 1.8C| 18C | 23C| 21C| 21 C 4.2 C 5.7 C
LI_S07 6.7 C 4.2C 21c| 19c| 1.9C| 1.9C| 1.8C| 19C| 20C | 2ZC 4.1 C 8.6 C
LI_SO8 48C 4.1 C 22C| 223¢C| 20C)| 22C| 21C | 189C | 22C| 2.2C 4.2 C 5.7C
LI_S09 39C 20cC | 22C| 22C)| 21C| 21C| 22C ) 23C| 23C 4.3 C

LI_S10 4.9 C 38 C 21| 18C| 21 C) 21C) 1,8C) 18C| 23C| 21C 3.9 C 21 C
LI_S11 5.3C 3.7C 22Cc| 21c¢c| 19cC)| 1.89C) 1.8C| 19C | 18C | 20C 4.0 C 6.6 C
LI_S12 4.4 C 23C| 22Cc| 19C| 22C| 1.8C| 21C| 19C| 20C 4.0 C

LI_S13 6.4 C 28C i28cC 1.a8c 1i8c| 1.7C| 1.7C| 1.9C 4.0 C 6.5 C
LI_S14 S.1cC 39C 19cC) 22C| 21C)| 20cC| 21C| 21C| 18C| 23C 4.3 C 4.5 C

Temperatures |n5|de staves are more homoglnues in both cases !!!
O[]

POWG red d etector {3} IBL_TEMPS: IBL Temps

LI_SO1 | 6.6 | T.20C a4 C 6.3 C S.4C S.4C 5.8 © a1 C 9.3 C 9,2 C T.20C T.EC

LI_SD2 T2 5.5 C 4.8 < 5.1¢C 5.1¢C 54 C 5.1C 54 C 5,2 0C TS5 C T2 C

LI_S0D3 T.6 G T20C 59 C 5.1C 5.4 C 5.1C 5.2 0C S58C 54 C 5.6 C TEC 8.6 C

The Iower LI_S04 6,2 79 C 7.9 C 5.6 C 6.0 C 6.0 C 5.8 C 55 C S.4 C 5.0 C T4 C 6.2 C
LI_S05 o - 9.3 C 5.2 C 6.2 C 9.1 C 95 C 9,7 C 9.7 C 77 C

temperatures due to LI_SD6& 6.2 G T5C 55 0C 5.4 C 5.7 C 5.2C 5.6 C 5S4 C 530G 5.4 C TEC 6.8 C

I LI_S07 T.9C TEC 5.6 C 5.3 C 5.8 C 5.1 C 5.0 C 5.3 C S5 C 85 C TTC T.E2C

Owe r p ressu re LI_SO0O8 2.9 ToC Q.6 C 9.8 C 3.5 C 3.8 C 5.5 © a1 C 9.5 C 6,2 C TEC 6,9 C
. \ LI_SD9 T2 5.4 C 5.5 C 5.5C 5.5C 6,0 C 55C 58 C 59 C TEC

reductlon. =S 10 59 C T.1C 6.5 C 6.9 C 6.1 C 5.8C 6.4 C 6,0 C 6.3 C 57 C T.1C 6.1 C

. . . LI_S11 5.7 C 5.5 C 6.0 C =N 5.2 5.1 C S.4 C 5,1 C S.4 C T.1C 7.5 C
This cooling line LI_s12 . T RS T sc

LI_S13 T.2C 5.6 C ‘ 4.2 G 4.0 G 4,2 C 4,1 C 4.4 C 4.2 G 4.2 G 4,5C) 5,8 C T.0C

had to be checked L_s14 578 eac 5Te e macloeciau e 7oc | [BAE

K. Sliwa
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After the change of the orrifice the modules temperature looks ok

{} IBL_TEMPS: IBL Temps M= E
LI_S01 |-E.9C| 28 C||-lVeC -13.2C(-11.9 C-13.0C)-13.2 C[-13.53 C|-13.6 C|-13.3 C[-13.1 C -17.2C(| -38C || -6l C
LI_S02 38 C||-leq C -12,3C(-13.1 C-128 C-12 8 C[-127F C|-127 C|-12.4 C[-12.5 C 178 C|| -35C || -53C
LI_S03 42 C||-41C]-1F.1 2 12,7 C[-13.53 C-134 C-13 6 Cf-134 C|-128 C|-13.0 C[-12,9 C 176 || -35C || -45C
LI_S04 B C||-28C||-1F.0C 101 Sf-123 C-12.2 C-125Cf-11.4 C|-13.2 C|-13.4 C[-13.53 C -173C|) -3 8C || -7l C
LI_S05 28 C||FLT T C -13.2 C[-13.6 C-135 C-11L. B Cf-136 C|-129 C-13.5 C[-13.2 C -16.7Cf| -3.6 C
LI_S06 SFOC)| -3 TFC|-1T.OC -125C[-1253 C-121 C-125 Cf-121 C|-125 C-125 C[-12.1 © 176 || -35C || -63C
LI_S07 4 FC||-3TC|-1T.2 S -13.1 Cf-13.6 C-134 C-138 C[-13.9 C|-13.7 C|-13.3 C[-10.4 © -l 3Cf| -3.3C || -56C
LI_S08& STEC||-F3C||-1Te S -13.2C(-13.0 C-132 =129 C[-13.3 C|-13.6 C|-13.3 C[-12.6 C 176 || -35C || 63 C
LI_S09 28 C|-LYeC -13.3cf-13.0C-128 C-12 8 Cf-122 C|-130C-129 Cf-12.8 C -le.e || -2.3 C
LI_S10 S = o I - C A R -123C(-114 C-126 C-13.0C(-11.9 C|-125 C-12.1 Cf-12,9 C -le g || -40C || -7 C
LI_S11 -2 2C|| -4l C|-180C 123 C-11.53 C-120C)-124 Cf-127F C|-123 C-12.8 C[-1253 C 1752 -3 72| -6l C
LI_512 23 C||-lTeC -12.0C(-124 C-129 C-13.2 Cf-13.8 C|-13.5 C-13.7 C[-13.3 C 1752 -28C
LI_S513 eEH ol =T o O A 129 cf-13.0C-128 C-12 8 Cf-123 C|-128 C|-12.7 C[-12.6 C 172 -28C || -6l C
LI_S514 SFOC)| -3 C|-le 9 127 Cf-11,7 C-124 C-124 Cf-121 C-127 C-12.7 Cf-12.2 C 172 -25C || -83C

05/07/2017 K. Sliwa
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Conclusions

e Overall temperature in stave went down
* Better CO, flow distibution for each stave

 Temperature of modules inside stave looks like
more homogeneous

* Less superheated liquid inside cooling pipes

* Thanks to new by-pass more sub cooling inside the
manifold

* Upgrades did not change the IBL condition

05/07/2017 K. Sliwa
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Need of CO, boiling research

* Under some circumstances which might be material related there are deviations
in the boiling onset and hence heat transfer which can cause larger and irregular
temperature gradients than expected.

* Differences observed between stainless steel prototypes and final titanium
cooling pipes.

* |Tk cooling is providing preheating with a heat exchanger to enhance boiling
(Warm nose heat exchanger)

* Results from SR1 and ATLAS shown that this proces requires better
understanding. We encourage detector designers to seriously investigate the
boiling onset behaviour of their cooling pipes.

05/07/2017 K. Sliwa




iy )| e ATLAS

Detector Technologies . A PERIMENT

Thank you for your attention!
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Detector Technologies

HW & SW issues and solutions

EP-DT $ATLAS

Design:

* Feb-Mar
Building:

* Apr-Jun
Plant tuning

* Jul-Aug

We experienced many problems and solved
them:
* Manifold box adjustment 4 m
above floor
* Temperature sensors installation
* Exchanging mismatching Lapp
connectors
* Cleaning low vacuum gauge sensor
* Repairing leaking titanium cooling
pipes
* Debuging LabVIEW software
*  Fixing broken spare flex line*
* Repairing misbehaving CO, plant Fixing broken spare Repair by gluing
flex line

*The repair method works very well and can be applied in ATLAS in case a flex line gets damaged

05/07/2017 K. Sliwa
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SR1 CO, plant issues

e=l = - It took 2 months before we had the cooling stable,
SR many problems observed with the Glycol cooling
oZ =% nra {
ERE V i ll L \
R | ,
ez = - % "
T | Norma 1 i /
f??'_‘:m_; - Star operation
R war A
EE e AU
! l o SR RN S Vg U i
JF CO2 35T.CSM SR1 Accu UMTSPWaRoAck User S 200 [ 002 357.C5M SR1 LCCTPosSt Chiller temperature -29 85
~ Bath temperature = Co2 357TCEM SRT TT1204 Pos=t Bath inlet temp -26.80
rd COZ_357CEM_SRT_Acou_Test PosSt SatT in Acumulator 161 [ CO2_357CSM_SR1_TTI203 FosSt Bath Outlet temp -16.40
p CO?_SSTCSM_SR1 _C"-."'1 201 Pos5t Controlled expansion valve 30.0

CO, plant behavior

05/07/2017 K. Sliwa
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Flow reduction results

\ EPT §ATLAS

-8
Setpoint: -20 [°C] Decreasing
Power: 25 [W] flow case

10 | Dummy stave “e 25W_2.5[g/s]
Stave Boiling — @ 25W_2(g/s]
triggered 25W_1.5[g/s]
before stave 25W_1.25[g/s]

-12 —— 25W_1[g/s]

o —®— 25W_0.75[g/s]

° . —&— 25W_0.6[g/s]

% —@— 25W_0.5[g/s]

E 14 * —@— 25W _0.4[g/s]

q.:

o

€

&

-16

-18

-20

10 12 14 16 18 20 22

Lenght [m]

05/07/2017 K. Sliwa
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Flow increase results

Setpoint: -20 [°C] Increasing
Power: 25 [W] flow case

| Dummy stave o
1 _0.o|8/s

25W_0.6[g/s]
25W_0.75[g/s]
—0— 25W_1[g/s]

<7/

P

-12
—&— 25W_1.25[g/s]

—@— 25W _1.5[g/s]
—@— 25W _2[g/s]
* —@— 25W_2.5[g/s]

Super heated liquid

-14 present in cooling pipes

Temperature [°C]

-16

-18

-20
10 12 14 16 18 20 22

Lenght [m]

05/07/2017 K. Sliwa
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Detector Technologies

alculated orifice sizes according to our
requirements

DP-Flow characteristic for -20[°C]

% \ \ \

200MicronsCalculated
225MicronsCalculated
250MicronsCalculated
25 [— 275MicronsCalculated n

Pressure drop [bar]

Mass Flow [g/s]

05/07/2017 K. Sliwa
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Orifice characteristic

DP-Flow characteristic for -20[°C]
\ \ \

35

O  250MicronsMeasured-Drilled
250MicronsCalculated
O  160MicronsMeasured
160MicronsCalculated
O 150MicronsMeasured-Drilled | __|
150MicronsCalculated

30

Formula to calculate diameter of dy = f Flow
25— the orifice provided by LENOX ~ ——> J.0001423x i
LASER 2

)
o

i
x o
15 -
10 -
The orifice calculation shows
5 good relation to our test B
results
0 | | | | | | | | |
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4

Mass Flow [g/s]

05/07/2017 K. Sliwa
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New

ATLAS

EXPERIMENT

L Manifold Bypass

asse

3
Wt gt with Pen 3t

e

T [ Form 5o e Pyt B Ve[ T T o
i
T (B g BERRT [T T fFrem et 0 "
[HTEE PN 5 ner 08 2058 e taati
] IS EW ED 1 -
[P ST TEE W TECaeiot Tompony
A=A [vagern tompant
J% & viw 33 wraw e Songelt

o
L
T e oy S o Ty — 5
G e R T T T T T =
[+ IETTEL T E ] T v [Ferg s tompany. "™ E02_ATLAS_BELLE
: 5 s s
7 [rare Tl BT Vet WY [ML vAs VEY P Tony it B [ T [ e v e Fovm tompny RIS TAI
b o s e ORI o i,
- f : e
= .
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Flow reduction tests of IBL cooling system
with detector connected

Flow per
Stroke  Total Flow stave Measured dP
(mm) (8/s) (8/s) dP (bar) 40
7.5 27.1 1.935714 33.5
6.5 23.4 1.671429 25 3 185721 10678 »
6 21.2 1.514286 20.6 30
5.5 19.3 1.378571 17.2 <
214286 13.5 =2 ¢
Old IBL setting 105 5 2 .
4 13 0.928571 8.1 g .
(current pump 3.5 10.9 0.778571 5.8 g ra
setting) 3 8.8 0.628571 3.8 < o o
2.5 6.7 0.478571 2.2 =
2 4.3 0.307143 0.9 > et
o Pt @
Estimated 0 05 1 1.5 2 2.5

SetdP  flow (g/s) Stave flow (g/s

6.4 0.828037148

Estimated flow

Current setting with by-pass 25

y = 0.3201x%5%2

15

(1.064-0.83)*14=3.2 g/s over by-
pass, 11.6 through detector

Stave flow (g/s)

0.5

0 5 10 15 20 25 30 35 40

Pressuredrop (bar)

05/07/2017 K. Sliwa
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What is next?

With 200 micron orifice

-14

Profile plot Dummy Stave SP -20[°C] 25 [W]
T T T T T T T

— % 25[W]-1.8[gls]
—+ 25[W]-15[g/s]

25 [W]-1.25 [g/s]
—<— 25[W}1[g/s]

25 [W]-0.75 [g/s]

25 [W]-0.6 [g/s]
* —<— 25[W]-0.5[gls]
L T —&— 25[W]-0.4[g/s]
-15 VN

ae [~ /1

Superheated liquid
in 2 phase ?7??

Temperature [°C]

-19
To be analyzed by
Nicola Suzzi
>2012 1‘3 1L1 1‘5 1‘6 1‘7 1‘8 1‘9 2‘0 2‘1

Loop lenght [m]

05/07/2017
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With 225 micron orifice

Profile plot Dummy Stave SP 0[°C] 25 [W]

35

25

Temperature [°C]
N

—*— 25[W]-1.8[g/s]
—t—— 25[W]-1.5][g/s]

—<— 25[W}-1[gls]

—%—— 25[W]-05[g/s]
& 25[W]-0.4[gls]

25 [W]-1.25 [g/s]

25 [W]-0.75[g/s]
25 [W]-0.6 [g/s] —

K. Sliwa

1
L ?7?77? |
05 rrr
0 ! ! ! ! ! ! ! ! !
12 13 14 15 16 17 18 19 20

Loop lenght [m]

21 22




