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LHCb Velo II & UT 

2 x 7 kW, -30 °C


CMS Tk Upgrade 

100 kW, - 30°C


ATLAS ITk Upgrade 

140 kW, - 35°C
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LHCb Velo 

1 kW, -30 °C


CMS Pixel Phase I 

2 x 15 kW, -25 °C


ATLAS IBL 

2 x 3 kW, -35 °C


Significant	  saving	  on	  material	  budget	  
ü  large	  latent	  heat	  of	  evaporation	  
ü  low	  liquid	  viscosity	  
ü higher	  Heat	  Transfer	  Coefficient	  than,	  e.g.	  C3F8	  
ü high	  thermal	  stability	  due	  to	  the	  high	  pressure	  

Very	  practical	  fluid	  to	  
work	  with	  
ü  Environmental	  friendly	  

with	  respect	  to	  presently	  
used	  fluorocarbons	  

ü  Radiation	  resistant	  
ü  Cheap	  
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Tracker	  II	  Demo	  cooling	  system	  (2019)	  to	  prove:	  

N+1	  plants:	  swap	  in	  operation,	  distribution,	  optimization	  
of	  transfer	  lines.	  R&D	  needed	  for	  parallel	  operation!	  

Max	  unit	  cooling	  power:	  	  
Triple	  head	  Lewa	  pump	  

2PACL	  system:	  local	  accumulator	  and	  pressure	  control	  through	  
heating	  and	  cooling	  of	  the	  vessel	  	  
-‐  requires	  local	  underground	  fluid	  storage	  
-‐  can	  be	  designed	  with	  one	  active	  accumulator	  +	  local	  	  warm	  

storage	  volume	  (bottles?	  -‐>	  concerns	  for	  underground)	  

Alternative	  design	  to	  allow	  surface	  storage:	  local	  
pump	  and	  pressure	  control	  through	  pressure	  
regulation	  	  valves	  –	  TO	  BE	  TESTED!	  

+	   The	  challenges:	  
-‐  Space	  constraints	  
-‐  Environmental	  policy	  
-‐  Low	  T	  limits	  &	  stability	  (evaporation	  T	  on	  primary	  =	  

-‐45°C)	  
-‐  Solid	  industrial	  components:	  reliability	  &	  

maintainability	  	  

The	  appealing	  solution	  TO	  BE	  TESTED:	  
industrial	  CO2	  chillers:	  	  
-‐  up	  to	  several	  hundred	  kWs	  
-‐  small	  footprint	  
-‐  requires	  sub-‐zero	  cold	  source	  (glycol?)	  
-‐  Environmental	  friendly	  
-‐  Good	  T	  range	  

ü Low	  flow	  and	  higher	  Heat	  Transfer	  Coefficient	  
(HTC)	  :	  smaller	  pipes!	  

ü Limited	  temperature	  excursion	  on	  the	  detector:	  	  
isothermal	  evaporation	  

ü Temperature	  control	  through	  pressure	  control	  

Ex 2: active vacuum 
insulated transfer lines 

with MLI, flexible


a	  CERN	  PH-‐DT	  and	  PH-‐CMX,	  CH-‐1211	  Geneva	  23,	  Switzerland	  
b	  Nikhef,	  Science	  Park	  105	  1098	  XG	  Amsterdam,	  The	  Netherlands	  

Ex 1: passive vacuum 
insulated transfer line with 

or without Multilayer 
Insulation (MLI), rigid, 

industrial standard 



