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Boiling onset problems in IBL
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Flex line IBL v olume

 Inlet:

 Cable temperature: -3.8±0.8 ºC / -2.3±0.8 ºC

 Cable board temperature: -6.2±0.2 ºC / -0.7±0.2 ºC

 Outlet:

 Cable temp.: -4±0.9 ºC / -2.4±1 ºC

 Cable board temp.: -6.1±0.3 ºC / -0.8±0.4 ºC

 HeatLoads:

 Ambient (CoBra): 298.2 W / 408.8 W

 Ambient (Measured): 389.4 W / NaN W

 Modules: 0 W / 353.7 W

 Miscalaneous:

 Pressure drop: 5.1 Bar / 5.2 Bar

 Massf low: 17.9 g/s / 17.8 g/s

 Ambient temp.: -6.2 ºC / -0.7 ºC

 Exit v apor quality : 0.06 - / 0.15 -
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IBL temperatures for set point -15ºC; Measured data and CoBra simulation results
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Detailed view of IBL region

CP temperatures (IBL pow er=off)

Saturation temperatures (IBL pow er=off)

Module temperatures (IBL pow er=off)

CoBra Saturation line (IBL pow er=off)

CoBra Fluid temperature (IBL pow er=off)

CoBra structure temperature (IBL pow er=off)

CoBra w all temperature (IBL pow er=off)

CP temperatures (IBL pow er=on)

Saturation temperatures (IBL pow er=on)

Module temperatures (IBL pow er=on)

CoBra Saturation line (IBL pow er=on)

CoBra Fluid temperature (IBL pow er=on)

CoBra structure temperature (IBL pow er=on)

CoBra w all temperature (IBL pow er=on)

The temperature of the inlet of the staves is 
irregular causing problems for the alignment

By Bart Verlaat

Full boiling

Partly boilingLiquid cooling

Stave 14

Cooling pipe

Boiling triggering 
seen  on modules

Power

Boiling onset seen during bake-out

Boiling onset seen during normal operation

Superheated liquid

IBL
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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 

**** * ***

**

*

+ - Direct heating on pipe

Heating with silicon 
heaters on real stave 

2657mm
1412mm

2657mm

D2.2x0.1mm

D2.2x0.1mm

D1.7x0.1mm

D1.7x0.1mm

D1.7x0.1mmD1.7x0.1mm

Manifold Box

Mock-up scheme

Transfer lines

7 m 

6
 m

 

31 m 

CO2

Cooling 
plant
in SR1

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

Vacuum 
station 
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Mock-up location in SR1
Static height is an
important issue!

Due to that, we need to 
place the IBL dummy 

staves in the 
basement of SR1

3

43˚

IBL detector 
mock up

Flex tranfer line
Cooling
Plant



05/07/2017 K. Sliwa 5

Setup overview
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Dummy stave Cooling lines
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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

The expected effect of flow reduction

By Bart Verlaat

Tset-point

1 2

Reduced temperature due to 
lower pressure drop1 2

Lower flow = steeper 
heating curve 

Heat exchange

Concentric flex line Concentric flex line
IBL

Higher liquid dT = 
more heat 
required

Lower liquid dT = 
less heat 
required

Loop lenght [m]
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1st results from SR1 show the superheated liquid in the inlet tube

Flow reduction looks promising

7

FlexlineIDEP

Flow direction

Inlet cooling pipe

P
P

0

P
P

0

P
P

1

P
P

1

Inlet cooling pipe

IDEPFlexline

IBL

Super  heated liquid 
present in inlet pipe

Boiling triggered

1st results from SR1 test
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Stave Boiling 
triggered 
before stave

Flow reduction results

Boiling triggered along whole 
experiment

Setpoint: -10 [°C]
Power: 25 [W]
Dummy stave

5
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Results from SR1 test

FlexlineIDEP

Outlet cooling pipeOutlet cooling pipe
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0W_1 [g/s]

0W_0.5 [g/s]

0W_1[g/s]

0W_0.5[g/s]

0W_1[g/s]

0W_0.5[g/s]

Boiling triggered along whole 
experiment (3 case)

Boiling triggered 

IBL Stave

Superheated liquid
present in stave

1.5 [°C] superheated liquid

for 1 [g/s]

3 [°C] superheated

liquid for 0.5 [g/s]

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

**

** *
**** * ***

*

* *

* **
* * * *** * *

*

Inlet cooling pipe 



05/07/2017 K. Sliwa 10

CoBra simulations

Super heated liquid 
propegated into stave

Super heated liquid 
presented but boiling 
trigered before stave

Boiling triggered along
whole experiment

By Bart Verlaat
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Maniold saturation

Manifold Pos 3

Manifold Pos 5
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Manifold Pos 7

Manifold Pos 9

Manifold Pos 11

Manifold Pos 12

Manifold Pos 13

Increasing liquid temperature

Manifold 
boiling starts

Dry out in 
manifold pos 7

Current IBL flow

Manifold low 
flow limit

Test of flow reduction in IBL (Nov 15)
By Bart Verlaat

Tsp=-10’C
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Flow reduction results
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DP

Boiling triggered in Manifold 
Box (should be avoided)  1.1 [g/s]

Stave Boiling 
triggered
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2 phase flow inlet
temp starts fallow
oultet temp 

Old IBL position 
flow  1.25 [g/s]

Outlet saturation temperature

2 phase end of stave

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

inlet temperatures
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Setpoint: 0 [°C]
Power: 0 [W]
Dummy stave

2 phase flow inlet temp 
starts fallow  oultet temp 

Flow reduction results

2 phase Stave outlet
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Power: 70 [W]
Dummy stave

Flow reduction results
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TT1040 Decreasing flow
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inlet 2

outlet
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Power: 25 [W]
Dummy stave
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Old IBL position 
flow  1.25 [g/s]
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VCR gasket with 
calibrated orifiece

Swagelock VCR 
connection

SR1 mock-up manifold box

ATLAS IBL manifold box

VCR gasket with calibrated orifice allows to 
reduce  flow in the experiment

Is beneficial for boiling control
Boiling should be easier to get 
started
Low temperature in stave

Easy and quick to install during EYETS
Stop of cooling needed

VCR gasket with calibrated orifice as
solution for non boiling

Bypass in manifold
Inlet
line

Chiller CO2

Transfer line, Ca 100m
Pump 

LPx01

Compressor

Cooling plant
Junction boxAccumulator

AC042

dummy load

x50

Manifold box

Odd numbers staves
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CVz22
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EHx43
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Flow meter

FTx06

PVx08 PVx10

PVx44

MV017

MV018

UX15USA15

DCS sensorsCooling sensors

Even number staves

y28n30A-side C-side

In and outlet lines of different staves 

are thermally connected
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a 1 A-C 14

b 2 C-A 3

c 3 A-C 2

d 4 C-A 5

e 5 A-C 4

f 6 C-A 7

g 7 A-C 6

h 8 C-A 9

i 9 A-C 8

j 10 C-A 11

k 11 A-C 10

l 12 C-A 13

m 13 A-C 12

n 14 C-A 1

x Cooling system

y Average of all

z Common

New by-pass with  
restriction valve

Restrictions

Manifold modification
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Powered Manifold Avarage Temperature

• Manifold by-pass 
allows a higher 
manifold sub cooling
• Is also beneficial for 

plant sub cooling
• Better low 

temperature 
operation

• Does not change the 
IBL conditions

• Easy to install
• Stop of cooling

needed

• Restrictions will help 
for better flow 
distribution and 
increased manifold 
sub cooling

Manifold modification as one of non boiling 
solution

By Bart Verlaat

Area with easy 
boiling start

Manifold 
boiling 
area

Liquid temperature

Saturation temperature

More subcooling 
is needed
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Requirements for gaskets with calibrated 
orifice

• 5 [bar] of pressure drop after gaskets with calibrated 
orifice for diffrent Setpoints and flows:
• SetPoint range 57-15 [bar]

• Flow range 1.2-0.6 [g/s] 

• Size of gaskets which were ordered from LENOX 
LASER:
• 275 Micron

• 250 Micron

• 225 Micron

• 200 Micron
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With 225 micron orifice Without gasket 

225 Micron orifice results 

Profile plot Dummy Stave SP0[°C] 25[W]
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25 [W]-2 [g/s]Max temp 6 [°C]

Max temp 6.7 [°C]
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New IBL Manifold Bypass 
Design in Max-Planck-Institut für Physik:
- Sven Vogt
- Markus Lippert
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Modification of IBL Manifold Box

Gaskets with orifice installation New 40um filter before IBL 
Manifold box

New By-pass 
in Manifold box
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IBL with orifice DP-Flow characteristic
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Characteristic for System without orifice
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OLD IBL
Position
1,2 [g/s] per stave

NEW IBL
Position
0,8 [g/s] per stave
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Flow reduction tests of IBL cooling system 
with detector connected

25

Oscillations
Stable 
reduced 
flow

Boiling

Boiling
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Modules temperatures with unpowered and 
powered detector

Powered detector

Unpowered detector

Temperatures inside staves are more homoginues in both cases !!!

The lower 
temperatures due to
lower pressure 
reduction.
This cooling line
had to be checked
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Modules temperatures after intervention in 
April

After the change of the orrifice the modules temperature looks ok
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Conclusions
• Overall temperature in stave went down
• Better CO2 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
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Need of CO2 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.

• ITk 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.
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Thank you for your attention! 

krzysztof.sliw@gmail.com
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Backup slides
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HW & SW issues and solutions

Fixing broken spare 
flex line

Repair by gluing

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 CO2 plant

*The repair method works very well and can be applied in ATLAS in case a flex line gets damaged
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SR1 C02 plant issues

User SP

SatT in Acumulator
Bath temperature

Controlled expansion valve

Chiller temperature
Bath inlet temp
Bath Outlet temp

CO2 plant behavior 

Start-up 
procedure

Normal 
operation

It took 2 months before we had the cooling stable, 
many problems observed with the Glycol cooling 
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Super heated liquid 
present in cooling pipes 
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DP-Flow characteristic for -20[°C]

Calculated orifice sizes according to our 
requirements
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DP-Flow characteristic for -20[°C]

250MicronsMeasured-Drilled

250MicronsCalculated

160MicronsMeasured

160MicronsCalculated

150MicronsMeasured-Drilled

150MicronsCalculated

Formula to calculate diameter of 
the orifice provided by LENOX 
LASER

Orifice characteristic

The orifice calculation shows 
good relation to our test 
results
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New IBL Manifold Bypass 
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Stroke 

(mm)

Total Flow 

(g/s)

Flow per 

stave 

(g/s) dP (bar)

7.5 27.1 1.935714 33.5 1.935714

6.5 23.4 1.671429 25 1.671429

6 21.2 1.514286 20.6 1.514286

5.5 19.3 1.378571 17.2 1.378571

5 17 1.214286 13.5 1.214286

4.5 14.9 1.064286 10.5 1.064286

4 13 0.928571 8.1 0.928571

3.5 10.9 0.778571 5.8 0.778571

3 8.8 0.628571 3.8 0.628571

2.5 6.7 0.478571 2.2 0.478571

2 4.3 0.307143 0.9 0.307143

Set dP

Estimated 

flow  (g/s)

6.4 0.828037148

y = 8.5721x2 + 0.678x
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Stave flow (g/s

Measured dP 

y = 0.3201x0.512
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Pressure drop (bar)

Estimated flow

Current setting with by-pass

Old IBL setting 
(current pump 
setting)

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

Flow reduction tests of IBL cooling system 
with detector connected
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What is next?
Profile plot Dummy Stave SP -20[°C] 25 [W]
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25 [W]-1.8 [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]

25 [W]-0.4 [g/s]

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

25 [W]-1.8 [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]

25 [W]-0.4 [g/s]

With 225 micron orifice

Superheated liquid 
in 2 phase ??? 

??? To be analyzed by
Nicola Suzzi


