
 

 

The Effect of Thermal Bridge in VIPs -  
A Real Life demonstration with Shipping Boxes 
 

Executive Summary 
Fiberglass cores are known to have two important advantages in comparison to cores made 

of fumed silica: they have lower center of panel thermal conductivity, and they are 

substantially less expensive.  Accordingly, many refrigerator manufacturers prefer fiberglass 

panels rather than fumed silica.  Most fiberglass panels used in refrigerators are formed with 

Aluminum foil based envelopes, the first choice to minimize gas permeation, because the 

average fiberglass pore size is about two orders of magnitude larger than the average fumed 

silica powder, and fiberglass is thus far more sensitive to gas permeation.  

The problem with Al foil based laminates is of course the heat bridge induced by the relatively 

thick Al foil (6.3µ).  This thermal bridge effect can have devastating impact on the insulation 

performance of the panels, and accordingly on the energy consumption of the refrigerators. 

A series of Dry Ice tests were performed to compare the actual heat flow into cold shipping 

boxes produced with VIPs formed from three different envelope materials: with metallized 

laminate, Al foil based laminate, and a Hybrid envelope, formed from metallized laminate on 

one side of the bag, and Al foil on the other.   By changing the envelope of the VIPs forming 

the container, their impact on the thermal bridge can be quantitatively compared by the ratio 

of weight loss rates of the dry ice sublimation, measured with the different envelopes.  

Dry ice weight loss (sublimation). 8" x 14" x 8.5" large boxes, three envelopes 

 

Fig. 2: Plot of the weight readings of the large boxes as function of time.  The slope values are proportional to the 
effective heat conductivity of the panels with the different types of envelopes. 

Relative effective thermal conductivity of the six boxes compared to the boxes with 

metallized film V08621  
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Fig. 5: Effective thermal conductivity of the small and large boxes compared to the boxes with the V08621 

envelopes.  In both cases, the Hybrid envelopes do not add extra edge leakage, while the Al foil envelopes more 

than double the effective thermal conductivity of the boxes, even more pronouncedly in the small box.  

Conclusion: 
1. The thermal bridge effect caused by the use of Al foils in the VIP envelopes substantially 

decreases the insulation performance of the panels, not only in theory or lab tests, but also in 

real life applications.  This fact should be weighted very seriously when decisions are made on 

what type of envelopes should be used for refrigerator insulation. 

2. The test results clearly show that what counts for the actual insulation performance of VIPs is 

not the center of panel thermal conductivity (λcop), but rather the effective thermal 

conductivity (λeff), which also includes the contribution of the thermal bridge.  This contribution 

should not be ignored, and in many cases it actually may be the dominant mechanism of heat 

conductivity. 

3. The Hybrid envelopes added very little to the thermal bridge effect.  Hybrid bags allow 

substantially reduced gas and moisture permeation in comparison to metallized films, and 

therefore can be the optimal solution for fiberglass VIPs in refrigerator applications.  

4. The metallized film used to construct one half of the bags should have ultra-high barrier to 
moisture vapor as well as to oxygen and nitrogen molecules, otherwise the degradation rate of 

the panel will not meet the industry requirements. In elevated temperature applications, the 
hybrid bags can also be very useful with the Al foil side of the bags facing the high temperature 

side. 
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