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Product Environment 

 UK needs to reduce CO
2
 emissions 

 Large contribution due to domestic heating 

 Stricter building regulations (Part L, CSH) 

 Better insulation required (lower U-values) 
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Achieving Low U-values 

 Two approaches: thick vs. high performance 

 Triple bottom line: 

 Environmental (U-value, materials) 

 Economic (cost of lost floor space) 

 Social (aesthetic, daylight etc) 

 Thin, high performance insulation required 



Design Target 

 Cavity wall construction: 100 year service life 

 Target U-value 0.1W/m2K (DCLG CSH) 

 National average house price[1] and floor area[2] 

 Cost of floor space vs. material cost 

 

 

[1] BBC, news.bbc.co.uk, February 2009 

[2] Hartwich & Evans, Unaffordable Housing, Fables & Myths, 2005 

Design target for new Vacuum Insulation:  

U=0.1W/m2K, t=40mm, £40/m2, 100 year life 
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Active Vacuum Insulation Panel 

 Thermal and structural modelling 

 Validation of model 

 Design optimisation 



Modelling 

 Initial results disappointing (U ≥ 5.3W/m2K) 

 Agreement between model and test results 

 Porous filler material will be required 

Test datum 

(with error margin) 



Optimisation: Gas Conduction 



Optimisation: Gas Convection 

 Convection in pores modelled as closed cells 

 Modified empirical formulae for heat transfer[1] 

[1] Incropera, F. & DeWitt, D.; 2006 
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Optimisation: Solid Conduction 

24mm 
0.9mm 1.2mm 22mm 

4mm 0.6mm 



Material Selection: Panel 

 Buckling of side ribs dominates: maximise E1/3/λ 

 PMMA (perspex) best performing polymer 



Material Selection: Core 

 Core material: elastomeric PU open-cell foam 

 Conductivity < 5.8mW/mK (target 4mW/mK) 



Optimisation Results 

28mm uPVC 40mm PMMA 100mm PMMA 
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Conclusions: Active High Performance Insulation 

 Total U ≤ 0.1W/m2K may be possible in thin panel 

 Fine porous filler required 

 Trade-off: depressurisation vs. conductivity 

 Tunable insulation unlikely in thin panel 

 Periodic de-pressurisation (10 years) feasible 



Further Research 

 Ageing issues: permeation, outgassing, vapour 

 Numerical modelling/testing with porous core 

 Design of de-pressurisation system 

 Prototype manufacture and testing 

 Cost-Benefit Analysis with other insulants 
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