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Motivations 
Develop a dynamic simulator for CERN cryogenic systems 

 Model Large-Scale helium refrigerators 

 

 CERN cryogenic systems: large scale complex systems 

 Large industrial systems  

 LHC cryogenics : 42 000 I/O & 5 000 control loops 

 

 Non-linearity of helium properties (wide operation ranges) 

 Temperature : 1.9 K to 300 K  

 Pressure : 14 mbar to 20 bar 

 

 Unique systems 

 Built to be operated at nominal conditions 

 Few information about transients and out of predefined operation points 

 

 Dynamic simulation is a good tool for : 

 Train operators safely and in degraded conditions 

 Test new control strategies without disturbing real operation 

 Validate control and supervision systems in simulation : « Virtual Commissioning » 
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Modeling Constraints 

 Use of equations from physics as much as possible 

 

 Parameterize components with realistic parameters 
 Use design operation points instead of geometrical parameters 

 

 Models must work in all operation ranges 
 Including in stop mode 

 

 Fast convergence 
 Neglect appropriate phenomena keeping realistic models 

 Avoid non-linear algebraic loops 

 

 User should build-up systems easily 
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Integration Constraints 

 Models can be exported in a C++ class and then integrated in a real 
industrial control system 

 

 Use of existing control programs 
 PLC Schneider & Siemens 

 

 Use of existing CERN supervision system 
 WinCC-OA (PVSS) 

 
 Define electrical I/O in components able to be connected to PLCs 

via an OPC Server 
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EcosimPro Software 
 Modeling and simulation commercial software for 0D/1D systems 

 From Empresarios Agrupados International (Spain) 

 

 Object oriented approach 
 Each equipment is modeled individually (valve, pipe, pump, etc.) 

 Use of libraries  

 

 Non-causal modeling using Differential Algebraic Equations (DAE) 
 DAE in time directly written in the code 

 1D models need manual space discretization 

 

 Source code are open and modifiable by users 

 

 Model building is using a convivial graphical user interface 

 

 Models are generating a C++ code to perform simulations 
 Can be connected to existing PLC and SCADA to simulate the full control system 

 

 Simulation is performed by a DASSL algorithm 
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From Modeling to Simulation 
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Simulations 

Component Modeling 

Schematic creation 

System Modeling using libraries 

Component parameterization 

Boundary conditions Experiment definition 
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CRYOLIB Library 
 A Helium Cryogenic library has been developed at CERN 

 

 This library is now extended and commercialized by EcosimPro 
 Also used by CEA, ITER, Air-Liquide, GSI, … 

 

 Fluid properties from HEPAK and REFPROP 
 Helium, Nitrogen, Argon, Hydrogen, CO2, … 

 

 Material properties  
 SS-304L, Copper, Aluminium, … 

 

 Resistive components 
 Valves, pumps, turbines, … 

 

 Capacitive components 
 Pipes, phase separator, … 

 

 Thermal components  
 Heat exchangers, heaters, … 
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LHC 4.5 K helium refrigerator 

 4.5 K LHC refrigerator 

 Linde 18 kW @ 4.5 K 

 6100 Algebraic equations 

 500 Differential Equations 

 Simulation speed: x3 
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 Operator training tool 

 Improvement of controls using simulation 

 New High Pressure control optimization 

 New control strategies to reduce operation costs 

(floating pressure) 
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LHC 4.5 K helium refrigerator 
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Total massflow (g/s) Temperature after last Heat Exchanger 

Heater in the phase separator 



LHC 1.8 K refrigeration unit 
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 1.8 K refrigeration unit 

 Air-Liquide 2.1 kW @ 1.8 K 

 3500 Algebraic equations 

 320 Differential equations 

 Simulation speed during pumping : x80 
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 Operator training tool 

 Improvement of controls using simulation 

 New Cold-Compressor speed 

management 



Final pumping of LHC sector 5-6 between 100 mbar and 16 mbar 
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LHC 1.8K refrigeration unit 
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 Dynamic simulation of the helium flow along the 3.3 km line after a quench 

 

 Simulation of the “heat wave” induced by a quench in the return pumping line 
 Comparison with a quench in the LHC sector 5-6 during hardware commissioning (May 2008) 
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LHC Cryogenic Distribution Line 
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LHC Beam Screens 
 LHC beam screens 

 Minimize heat loads, remove resistive wall power losses and intercept 

synchrotron radiation/molecules 

 Supercritical helium flow at 3 bar from 4.6K to 20K 

 2 cooling tubes of 53m long / 3.7mm diameter 

 

 Modeling based on 1D Euler equations (3 PDE) 

 

LHC Beam screens temperatures 

during a beam injection at 3.5 TeV in August 2011 
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Operator Training 
 A dynamic simulator for CERN cryogenic plants 

 « Cryo Simulation Lab » available at CERN for TE-CRG (building 36) 
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Conclusion 
 Process Modelling and Simulation is used at CERN in the whole project life 

 Design phase: Check global process behavior/transients 

 Commissioning phase: Virtual commissioning of control systems 

 Operation phase: Operator training and control optimization 

 

 Process Modeling 

 Differential and Algebraic Equations with EcosimPro Software 

 0D or 1D models 

 

 Control Modeling 

 Can be embedded inside EcosimPro 

 Existing PLC control systems can be connected to the model 

 

 Dynamic simulation 

 Use the DASSL algorithm of EcosimPro 
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Simulation examples with EcosimPro @ CERN 

1. Cryogenics 

 Helium cryogenics for LHC and experiments 

 Cryo operator Training / Control optimization 

 

2. Gas systems 

 Gas mixing systems for LHC particle detectors 

 Validate an alarm handling prototype to help operators 

 

3. Water cooling plants 

 LHC water cooling towers 

 New control system verification (LS1) 

 

4. Ventilation systems 

 Ventilation systems for CERN caverns and experimental areas 

 Develop and validate new regulation schemes to save energy 
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