
ANL Bubble Chamber 

Superheated Active Target System 

B. DiGiovine 

N2O and C2F6 as Active Fluids 



Physics Division and Bubble Chambers 

• April 2009 

– First Bubble Chamber Received Full Operation Authorization (C4F10) 

• February 2010 

– First Bubble Chamber Received Upgrade Authorization for 
Superheated H2O 

• Two Campaigns at HIγS 

• Months of Testing and Calibrations at ANL 

• Operation at ANL Open House Detecting Cosmic Rays 

• Months of Operation by FERMI Collaborators for Calibration of COUPP 
Bubble Chambers 

• Nov 2012 - H2O Chamber Safety Approval and Testing at ANL 

• 2013 - Week Long Campaign at HIγS 

• 2014 Approval and Modification of System for Change of Working Fluids 

• 2015 Months of Testing and Evaluation @ ANL using Hg, N2O & C2F6 

• Zero Incidents/Accidents 



Physics Division and Bubble Chambers 



Safety and Systems  

• Basic Operation and Phase Diagrams 
– Theory of Operation 

– Basic Components of the Detector 
 

• Overview of Systems and Components 
– Bubble Chamber 

– Pressure Vessel 

– Viewport, Camera, and Lighting 

– Hydraulic 

– Cooling 

– Control and Instrumentation Chassis 

– Data Acquisition and Systems Integration 
 

• Safety 
– Hydraulic Control System 

– Bubble Chamber Pressure Vessel 

– Control Chassis and Remote Overrides 

– Chemical 



Theory of Operation 



Basic Components 

• Heavy Wall Stainless 
Steel Pressure Vessel 
 

• Thin Wall Glass Active 
Liquid Volume 
 

• Thin Pressure Transfer 
Bellows 
 

• Cooling Coils 
 

• Pressure Supply 
 

• Solenoid Valves 
 

• High Speed Camera 
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Systems and Components 

• Bubble Chamber 
 

• Pressure Vessel 
 

• Viewport, Camera 
and Lighting 
 

• Hydraulic Control 
 

• Cooling 
 

• Control and 
Instrumentation 
 

• Data Acquisition and 
Systems Integration 



Bubble Chamber 

• Thin Glass Vessel Holds 
Active Liquid, N2O 
 

• N2O Floats on Mercury, 
Which Fills Remaining 
Inner Volume 
 

• Superheated Liquid Only in 
Contact With Smooth 
Surfaces 
 

• Thin Sensitive Edge 
Welded Bellows Equalize 
Pressure, Revised 
 

• Stainless Tube Facilitates 
External Connection of 
Pressure Transducers and 
Filling Valves 

 

• Wetted Materials: Stainless 
Steel, Kovar, Glass 



Pressure Vessel 

• Houses Bubble 
Chamber 
 

• One Piece 
Construction 
– No Welding 

– Minimal Internal 
Volume 

 

• Machined From a 
Solid 304 S.S. Forging 
 

• Flanges Machined 
From 316 S.S.  
– Utilize a Plug Design 

to Reduce Inner 
Volume 



Viewport, Camera, and Lighting 

• Two Custom Designed and Fabricated by 
Industry Leader in High P&T Viewports 
 

• Design Paramaters: 
– 260ºC 

– 88 ATM 
 

• Houses High Speed 100FPS Camera 
 

• Houses High Intensity LED Back Lighting 



Hydraulic Control System 

• Constructed of Commercially 
Available Off-the-Shelf 
Components  
– Pressure Rated for Hydraulic Service 

 

• Provides Regulated Hydraulic 
Pressure 
 

• Solenoid Valve Output Control 
 

• Output Flow Control and Relief 
 

• Vented Reservoir System 



Cooling 

• Heavy Wall Copper Cooling Coils Installed 
 

• Bath Operating Temperature   -20C to 20C 

 

 
 

 

 



Control and Instrumentation Chassis 

• Temperature Monitoring and Heater Control 
 

• Pressure and Temperature Transducer Retransmission to Computer 
 

• Solenoid Valve Manual Operation and Computer Interface 
 

• Hydraulic System Logic and Interlocks 
 

• Two Remote Override Control Interfaces 
 

• Electrical Safety Inspection Completed on All Chasses 



Data Acquisition / System Integration 



SAFETY 

• Hydraulic 
Control System 
 

• Bubble Chamber 
Pressure Vessel 
 

• Control Chassis 
and Remote 
Overrides 
 

• Heating 
 

• Chemical 



Hydraulic Control System 

Capped 



Bubble Chamber Pressure Vessel 

• FEA Used for Verification of Production 
Design, Pressure of 88 ATM 
 

• Material Properties @ 250ºC Used for 
Simulations and Analysis 
 

• S.F. Based on Material Yield Strength, 
Not Ultimate Tensile Strength 
– Pressure Vessel Safety Factor: 4.8 

– Pressure Flange Safety Factor: 5.4 
 

• @ 88 ATM, Force on Flange = 34klbf 
– Each Bolt Must Carry 2.8klbf 

– 5/8-18 Grade 5 Bolt Rated to 36klbf 

– Bolts Safety Wired to Prevent Loosening 
 

• Max Operating Conditions to be 
Limited to 68 ATM, 250ºC 



Control Chassis & Remote Overrides 

• Control Chassis 
Designed with Safety 
Interlocks 
– Heating 

– Solenoid Valves 
 

• Two Remote Override 
Interfaces Allow for 
Complete Control of 
System 
– Solenoid Valves 

– Hydraulic Pump 

– Heaters 

 



Chemical Safety 

• Duratherm 450 
– Commercial Heat Transfer Fluid 

– Paraffinic Hydrocarbon 

– Non-Toxic 
 

• Mercury 
– Approx 150ml 

– Secondary Containment for Critical 
Components 

– Industrial Hygiene Assistance During 
Fill/Vent/Drain Procedures 
 

• N2O 
– Approx 40ml liquid 

– 17 liters at STP (0.017 m3) 
 

• Disposal: 
– D450: Waste Oil Recycler 

– Mercury: ANL Waste Management 



Chemical Safety II 

• N2O 
– Small Amount of Fluid 

– Typical Lab Environment, not an asphyxiant 
hazard 

– Acute Overexposure: 
• Dizziness 

• Drowsiness 

• Poor Coordination 

– Procedures to limit concentration in area during 
filling and venting operations, concentrations to 
be monitored and verified by IH at first until we 
are satisfied that the procedures adequately limit 
exposure. 

 

• Mercury 
– Relatively small amount of liquid 

– Saturation concentrations at STP will never be 
reached because of normal air flow through 
room, no added heat, and engineering controls 
put in place. 

– IH will monitor and verify concentrations of 
mercury vapor in room and surrounding areas 
during filling and venting operations to be sure 
procedures and engineering controls limit 
exposure to acceptable levels. 

– Spill kits on hand to properly respond in the 
event of a spill 

– Filling, venting, draining procedures to be done 
over containment pans to prevent spread of 
material should a spill occur. 

 
 

 



 



Appendix 

1. Complete Hydraulic Schematic 
 

2. High Voltage Control Chassis Schematic 
 

3. Logic and Instrumentation Chassis Schematic 
 

4. Relay Logic PCB Schematic 
 

5. Front Panel Interface PCB Schematic 
 

6. Compressed Liquid Energy Stored Calculations 
 

7. Flange Loading and Bolt Strength Calculations 
 

8. Canty Quote With Design Parameters 
 

9. Beam Entry Port FEA 



Hydrulic Schematic 

 



High Voltage Chassis Schematic 

 



Logic & Instrumentation Chassis 

Schematic 

 



Relay Logic PCB Schematic 

 



Front Panel Interface PCB Schematic 

 



Energy Storage Calculations 

 



Flange Loading & Bolt Strength 

Calculations 

 



Canty Quote 

and Design 

Parameters 



Beam Port FEA 

 


