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Coupled TH model, Cast3M code: 

é where we want to end up 

 

ïHeat transfer  

 

 

 

ïWater transfer 
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Program: from simple to complex ! 

ü T1 ï T3: purely thermal, 1D 

ü T->P: pressure increases with freezing 

ü TH1: advective term 

ü TH2, TH3: coupled cases 
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Analytical solutions: T1 and TH1 

ÅB. Kurylyk & J. McKenzie 
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Pure T: T2 and T3 

üBounded system, heterogeneity, geothermal flux 

 

ïHeat transfer  

 

 

 

 

ü T2 in discussion with climate modeling 

community 
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T3: long time evolution of permafrost depth 

Temperature 

0°C Isotherm  

depth evolution 

Dry chalk 

20% sat . chalk 

Sat . Chalk 

Sand 

Clay 

Limestone 

Signal with rapid variability 
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InterFrost Test Case T->P 

« controlled conditions »? 

Side losses (minimized by insulation & cold room conditions) 

Total volume constant? (upper surface topography monitoring) 
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Pressure increase due to water freezing.  

No fluid movement, constant volume 

(intended for code validation, not real world) 

 

Monitoring of temperature (vertical profile) and  

water pressure in the unfrozen porous media 
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Coupled TH model, TH2: Frozen Inclusion 

ÅSensitivity to water flow rates 

ïHeat transfer  

 

 

 

ïWater transfer 
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TH2 

Flow 

No flow 

Min (T) 



TH2, performance measures 

Min (T) 

Threshold times = f (ÐH) 

Total output flux  

evolution 
Liquid water content 

evolution 



Lab. Experiment TH2 « Frozen Inclusion » 

Monitoring of temperature (in the inclusion & downstream) 

Monitoring of water flow rate 

Measurement of transport velocity with tracer tests  

« controlled conditions »? 

Side heat losses (minimized with insulation & cold 

room conditions) 

Initial conditions « smooth » 

Control homogeneity of the porous medium 

(saturation & porosity) 



Overview 

1D Thermal 

1D Thermal 

with impact  

on pressure 

(no motion) 

1D  Thermal with  

advective component 

2D  with full 

TH coupling 



Experiments 

Åin cold room at GEOPS (Univ. Orsay) 

ÅVisit tomorrow, chance to see them 

ÅStill in a preliminary state 
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TH3: talik opening/closure 

No flow 

Longitudinal 

Transverse  



TH3: talik opening/closure 

With flow 


