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Abstract 

This thesis investigates the accuracy of industry standard calculation methods, and 

two and three-dimensional numerical simulation techniques, to predict the thermal 

resistance of a wall assembly containing vacuum insulation panels (VIPs) and thermal 

bridges. The calculation methods and numerical simulations were used to predict the 

thermal resistance of a wall assembly that was tested in a guarded hot box. The calculation 

methods and two-dimensional simulation scenarios which did not include VIP edge 

thermal bridges resulted in a minimum overestimation of 38%. Accounting for the thermal 

bridges using the average joint width between panels reduced the minimum overestimation 

to 13% (modified zone calculation method) and 20% (two-dimensional simulations). The 

three-dimensional simulations overestimated the thermal resistance by 14%. Overall, the 

most reliable predictions of thermal resistance were determined through 3D simulations 

and the modified zone method in combination with the thermal bridge effect due to the 

average joint width between VIPs. 
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1    Chapter: Introduction  

Increasing financial and environmental costs of energy production have resulted in 

many countries seeking to decrease energy demands in all sectors. Currently in Canada, 

there has been an increased desire to decrease the countryôs energy budget, both costly 

generation, as well as carbon emissions into the atmosphere.  

The Canadian government has recently produced the Pan Canadian Framework on 

Clean Growth and Climate Change (Canada, 2017) to help the world meet the target of 

limiting greenhouse gas (GHG) emissions as outlined in the Paris Agreement (Nations, 

2015). The specific Canadian target outlined in the Framework is a 30% reduction in 

national greenhouse gas emissions by 2030.  

Several sectors were identified in the Framework as areas in which energy savings 

are required, including reducing the heating and cooling load in buildings. It estimates that 

12% of national GHG emissions are accounted for in the heating and cooling of buildings. 

An even higher 17% is estimated if emissions from electricity production are accounted 

for in heating and cooling losses. 

Reduction of heating and cooling losses in buildings can be accomplished in several 

ways. The most common method is to increase the thermal resistance of the building 

envelope. Unless the building has little or no insulation, increasing thermal resistance is 

usually accomplished through either changing the building insulation to higher performing 

insulation materials or adding more insulation to the building envelope by increasing the 

thickness of the walls. Increased wall thickness can present problems for designers, 

especially when the design incorporates windows, doors and other thin elements that bridge 

the building envelope. The increased thickness also becomes an issue in areas in which 
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space is at a premium. Therefore, thin high-performance insulation technologies are likely 

to see increased use by designers either for retrofit applications, or new build designs where 

space is at a premium. One thin insulation type that is currently being used in areas in 

which space is at a premium (such as Europe and Japan) is vacuum insulation panels (VIP) 

(H.Simmler, 2005). 

The VIPs thermal performance is derived from an open cell microporous core 

which is depressurized to a partial vacuum pressure of ~1 mbar (H.Simmler, 2005). The 

core is wrapped in a gas barrier envelope which maintains the vacuum in atmospheric 

conditions. The vacuum condition in the core material essentially eliminates gas 

convection and conduction heat transfer through the porous core material (Simmler, et al., 

2005). Heat transfer is then due to conduction through the solid core material and radiation 

in the pores. Selection of low solid conductivity core materials and opacifier additives 

decrease the contributions of the solid conductivity and radiation which further increases 

the thermal resistance of the VIP.  

The quoted potential performance of VIPs is quite remarkable, especially 

considering the thickness to insulation ratio. It is estimated that most common insulation 

materials would require 4-5 times the thickness of a VIP to achieve similar insulation 

capacity (H.Simmler, 2005). However, this claim should be investigated with caution as 

the quoted performance is idealized as the centre of panel thermal conductivity for VIPôs 

(Van Den Bossche, Moens, Janssens, & Delvoye, 2010). Investigation of the technology 

indicates that the actual performance of VIPs in an assembly is overestimated if the effect 

of heat transfer around the perimeter of the panel is not accounted for (Schwab, Stark, 

Wachtel, Ebert, & Fricke, 2005). The heat transfer rates at the edges of panels (including 
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joints between panels) are significantly higher than the centre of panel values. This is due 

to thermal bridges caused by the materials in the gas barrier film and joints having higher 

lower thermal resistance than the core material. The thermal bridge heat transfer paths are 

depicted for a representative wall construction containing VIPs in Figure 1. 

 

 

XPS 

 

VIP/ 

barrier 

film  

 

Air  

space 

ˈ Steel 

stud 

 

Mineral  

fibre  

 

Gypsum 

 
VIP 

core 

 

Figure 1: Sketch depicting the thermal bridges that occur at the edge of the VIP panel and joints 

between panels in wall assemblies. The red arrows represent heat transferring along the barrier film. 

The green arrows represent the heat transferring through the air joint. In both cases heat transfer 

occurs around the VIP core. 

 

Unfortunately, the best materials to reduce gas transmission across the barrier 

envelope are metals, which have significantly higher thermal conductivities than the core 

structure. Optimizing the performance of VIPôs requires minimizing the thickness of the 

metal portions, however this comes at a cost of higher rates of gas and moisture transfer 

across the barrier. To minimize the metal component in the barrier film it is spray deposited 
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in several layers, which can leave microscopic gaps in which atmospheric gases are able to 

permeate over time (Figure 2). It is therefore expected that over time the thermal resistance 

of a VIP decreases, due to the migration of atmospheric gases across the barrier envelope. 

Atmospheric gas migration increases the pore pressure of the core material, which 

increases the heat transfer rate across the pores by increasing gas conduction. Migration of 

water vapour increases the solid conduction of the core material due to the presence of 

adsorbed moisture (Brunner & Wakili, 2014). The time over which a VIP maintains 

thermal performance above a specified value is termed the service life. 

 

Figure 2: Representative vacuum insulation panel sketch, depicting the open cell microporous core 

and barrier envelope. The pressure difference between the atmosphere and the partial vacuum 

pressure in the core material drives atmospheric gases through microscopic gaps in the metal in the 

barrier envelope. 

 

The performance of VIP assemblies has been investigated in several studies to 

demonstrate the effect of edges on the overall thermal performance. These investigations 

have been completed using both field monitoring as well as laboratory testing using a 

guarded hot box (GHB) test apparatus. The edge and joint effect on the thermal 

performance of VIPs has also been investigated on smaller scale tests using a heat flow 

meter apparatus. Simulations have also been conducted which account for and demonstrate 
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the increased heat transfer at the edge effect on overall VIP thermal performance 

(H.Simmler, 2005; Brunner, Stahl, & Wakili, Single and double layered vacuum insualtion 

panels of the same thickness comparison, 2012; Lorenzati, Fantucci, Capozzoli, & Perino, 

2014; Tenpierik, van der Spoel, & Cauberg, 2007; Van Den Bossche, Moens, Janssens, & 

Delvoye, 2010). These studies indicate that the heat transfer effects due to thermal bridges 

in VIPs cause significant lateral heat transfer effects which can not be captured with one-

dimensional calculation methods. Studies on thermal bridges have also indicated that using 

one-dimensional calculation methods to determine the thermal resistance of wall 

assemblies containing thermal bridges can lead to significant overestimation (ISO, 2007b; 

Morris and Hershfield Ltd., 2011). However, regulatory energy codes, such as the National 

Energy Code of Canada for Buildings (NRC, 2016), reference one dimensional calculation 

methods as acceptable methods to determine the thermal resistance of wall assemblies. 

The objective of this thesis is to determine the accuracy of using industry standard 

one-dimensional calculation methods, and two and three-dimensional numerical 

simulations to determine the steady state thermal resistance of a wall assembly containing 

VIPs for building envelope design. Additionally, the thesis investigates methods to 

increase the accuracy of the calculation and numerical simulation methods by using VIP 

effective thermal conductivities which account for the increased heat transfer rates at the 

edges of the panel due to the metallized barrier film and joint thermal bridges. 

To accomplish this, a representative wall assembly containing VIPs was built, and 

the steady state thermal response of the wall assembly was determined using a GHB. 

Thereafter, the steady state thermal response of the wall assembly was characterized using 

industry standard calculation methods and two and three dimensional numerical 
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simulations. The accuracy of each calculation method in predicting the thermal resistance 

of the wall assembly was then compared with the GHB test results. 

The VIPs investigated in this thesis were at the beginning of their service life. The 

rate of decrease in thermal performance of VIPs due to gas migration across the barrier 

envelope is not considered, and therefore service life of the wall assembly is not estimated.  

1.1 Thesis outline 

The work in this thesis is divided into the following sections: the literature review 

(which defines the calculation and experimental methods used to characterize the VIP wall 

performance), the results of the experiments, the results of the calculation methods, 

comparison of the calculation results to the experiment results, and conclusions and future 

work. Uncertainties of the experiment and calculation results are also analyzed and 

presented in the results sections. 

This thesis is divided into the following chapters: 

1    Chapter: Introduction 

2    Chapter: Literature review and background 

3    Chapter: Results of guarded hot box characterization experiments 

4    Chapter: Guarded hot box experiment set up and results 

5    Chapter: Guarded hot box experiment uncertainty 

6    Chapter: Industry standard calculation method results 

7    Chapter: Two and three-dimensional numerical simulations set up 

8    Chapter: Numerical simulation results and uncertainty 

9    Chapter: Conclusions and future work 
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2    Chapter: Literature r eview and background 

The literature review was focused on three principal areas: vacuum insulation panel 

(VIP) use in the building sector, guarded hot box testing, and the industry standard 

calculation methods available for building envelope designers to determine thermal 

resistance of wall assemblies. 

2.1 Vacuum insulation panels 

This section presents background information on the requirements of VIP 

components in the building sector, followed by experiments that have been used to 

demonstrate and characterize the performance of VIPs in building envelopes. This includes 

the methods by which the edge and joint effects can be determined for use in industry 

standard and numerical simulation calculation methods. 

2.1.1 Vacuum insulation technology for building applications 

Vacuum technology for insulation purposes has been used since the early 1900ôs 

(Fricke, 2005) . In the earliest use, vacuum technology was utilized by creating a vacuum 

between the walls of two concentric metal cylinders (Fricke, 2005). The use of the 

concentric cylinders allowed for the vacuum to be supported by the container walls, with 

no filler material. This was possible due to the high failure limits of hoop stress in 

cylindrical objects (Fricke, 2005). Vacuum insulation panels have also been used in other 

industries to insulate industrial furnaces and freezers. The use of VIPs in these sectors is 
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not usually applicable to building technologies due to the tightly controlled environments 

in which these items are built and are operated (H.Simmler, 2005). 

The use of cylinders in building envelope design is limited; instead rectangular 

structures are used. Rectangular structures cannot depend on hoop stress to maintain the 

structural integrity when a vacuum is applied and as such require a filler or ócoreô material 

(Fricke, 2005) surrounded by an envelope is necessary.  

The requirements of a VIP core material are that it is open cell, microporous, with 

a fractal composition and compressive strength high enough to maintain its shape when 

under partial vacuum (~1 mbar). The open cell enables the removal of atmospheric gas 

from the pores during depressurization, which greatly reduces heat transfer due to gas 

conduction and gas convection. The fractal composition of the solid structure interrupts 

pathways for solid conduction. The combination of these factors reduces the apparent 

thermal conductivity of the core material.  

Apparent thermal conductivity is defined as the total thermal transmission rate 

across a material, accounting for combined effects of conductive, radiative, and convective 

heat transfer (ASTM, 2010). Annex 39 (Simmler, et al., 2005) defines the components of 

the apparent thermal conductivity (‗ ) of a VIP with Equation 1. 
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 ‗ ‗ ‗ ‗ ‗ Equation 1 

ʇ  - convection in the gas phase 

ʇ  - conductivity through the solid phase 

‗ ï conductivity through the gas phase. 

ʇ - radiation 

 

Caution must be taken when using the apparent thermal conductivity in 

calculations, as representing the radiative and convective heat transfer mechanisms as 

conduction is only valid for the specific temperature boundary conditions under which the 

apparent thermal conductivity is determined. This is due to the dependency of radiation 

and convection heat transfer rates on the surface temperatures of the corresponding faces 

over which the heat is transferring. 

It is generally estimated that a partial vacuum of 1 mbar in the core material reduces 

contributions of gaseous conduction and convection to negligible values, and the core 

apparent thermal conductivity is due to radiation (~1*10-3 W/mK) and conduction of the 

solid structure (~3*10-3 W/mK) (Simmler, et al., 2005). 

The partial vacuum in the core material is maintained in atmospheric conditions by 

a gas barrier film. The gas barrier film is designed to limit the migration of atmospheric 

gases and water vapour to the interior of the core material. Unfortunately, currently the 

best materials for reduction of gas and vapour transmission are metals. The metal in the 

gas barrier film creates a significant thermal bridge around the edges of the VIP, which 

decreases the effective thermal conductivity of the VIP. The effective thermal conductivity 

of the VIP includes the apparent thermal conductivity of the core material, and the 

contribution of the thermal bridge due to the gas barrier film (Schwab, Stark, Wachtel, 
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Ebert, & Fricke, 2005). It is conventional in the building industry to relate two and three-

dimensional heat transfer effects (such as those occurring at the panel edges) to a one-

dimensional heat transfer effect on a uniform surface, and describe this as the óeffective 

thermal conductivityô of the panel. 

 

2.1.2 Vacuum insulated panel performance in the building envelope 

While the use of metal decreases the rate of gas transmission across the barrier 

envelope, it also decreases the thermal performance of the VIP. VIPs have a high centre of 

panel thermal resistance, however, overall thermal performance of the panels cannot be 

considered without accounting for the edge thermal bridge effect due to the gas barrier film 

and joint material between individual VIPs (Van Den Bossche, Moens, Janssens, & 

Delvoye, 2010; Schwab, Stark, Wachtel, Ebert, & Fricke, 2005; Lorenzati, Fantucci, 

Capozzoli, & Perino, 2014; Brunner, Stahl, & Wakili, Single and double layered vacuum 

insualtion panels of the same thickness comparison, 2012; Tenperik & Cauberg, 2007; 

Wakili, Bundi, & B.Binder, 2004). The centre of panel thermal conductivity is defined as 

the idealized one-dimensional thermal conductivity through the centre of the panel (far 

away from the edges) and excludes effects of edges and joints. 

Testing has shown that the edge thermal bridge can be dominant in the thermal 

performance of a VIP system due to the drastic difference between thermal conductivity of 

the core material (~4*10-3 W/mK) and the thermal conductivity of the metal in the barrier 

film (aluminum ~160 W/mK, steel ~15-17 W/mK) and joint material (Sprengard & Holm, 

2014). This discrepancy can result in an óeffective thermal conductivityô of the VIP several 
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hundred percent higher than the centre of panel value (Schwab, Stark, Wachtel, Ebert, & 

Fricke, 2005).  

Brunner et al. (Brunner, Stahl, & Wakili, 2012) conducted GHB tests to compare 

two wall assemblies with 40mm of VIP layer thickness. However, one layer consisted of a 

double layer of 20mm VIPs, and the other consisted of a single 40mm layer of VIPs. The 

test results indicated that the double layer wall had approximately 13% less thermal 

transmission than the single layer wall. The increase in performance was attributed to the 

decreased thermal bridge at the edges of the VIP panel in the double layer VIP wall 

assembly. The decrease was accomplished by offsetting the second layer of VIPs such that 

the thermal bridges from the edges and joints did not line up with edges and joints in the 

second layer. These results demonstrate the importance of designing to minimize VIP edge 

effects to increase thermal resistance of a wall assembly incorporating VIPs. 

2.1.3 Vacuum insulated panel effective thermal conductivity due to edge and joint 

thermal bridge 

Accurate calculation of the thermal performance of a wall assembly incorporating 

VIPs for building design requires accounting for the effective thermal conductivity of a 

VIP in an assembly, including the edge and joint effects. Although physical testing of VIPs 

can be used to determine the effective thermal conductivity of individual VIP panels 

(Alam, 2011; Lorenzati, Fantucci, Capozzoli, & Perino, 2014; Van Den Bossche, Moens, 

Janssens, & Delvoye, 2010; Wakili, Bundi, & B.Binder, 2004), it is unlikely that building 

designers will be able to conduct testing on all variety of VIPs they wish to use in a building 



 12 

design. Therefore, a method is required by which a designer can calculate the effective 

thermal conductivity of the VIP, and implement it in industry standard calculation methods. 

Many small-scale tests and analytical methods have aimed to predict the thermal 

bridge effects of the joints and edges of VIPs on the effective thermal conductivity of the 

VIP. Unfortunately, fully characterizing the edge and joint effect on the effective thermal 

conductivity of a VIP assembly is complex. To fully characterize the effective thermal 

conductivity the following information would be required of each VIP used in the 

assembly: the location of the barrier film edge folds, the type of edge fold, gaps between 

abutting panels which can be filled with air or various insulation types, VIP depth and the 

core thermal transmittance rate (Van Den Bossche, Moens, Janssens, & Delvoye, 2010). 

The most common method to describe a general equation to represent the effective 

thermal conductivity of a VIP panel including edge thermal bridges from experiments is 

through the thermal transmittance method. In this method, the thermal transmittance is 

determined for the edge and joint per unit length, and this value is multiplied by the 

perimeter length of the VIP to determine the effective thermal conductivity of the panel. 

The thermal transmittance method has been used to determine performance of wall 

assemblies incorporating thermal bridges through the summation of linear and point 

transmittances of thermal bridges coupled with opaque wall R-value calculation in several 

instances. This method is well described by ISO 6946 (ISO, 2007c), ISO 10211 (ISO, 

2007a), ISO 14683 (ISO, 2007b), and Morris and Hershfield in ASHRAE RP-1365 (Morris 

and Hershfield Ltd., 2014; ASHRAE, 2011). The linear and point thermal transmittances 

are determined through use of benchmarked three-dimensional heat transfer simulation 

software or GHB testing. The simulation software or tests are used to determine the effects 
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of thermal bridges by determining the U-value (total thermal transmittance rate) of a 

structure with and without thermal bridges in place. The difference between the two U-

values determines the normalized linear or point transmittance for that thermal bridge type 

in the specific wall configuration simulated. The general equation referenced for a wall 

assembly containing thermal bridges is presented in Equation 2. The thermal transmittance 

method is used in this thesis to determine the effective thermal conductivity of the VIP, 

considering heat transfer due to the thermal transmittance of the barrier foil and joint 

material at the edges. 

 

 Ὗ
ВὨ ὒz В…

ὃ
Ὗ  Equation 2 

Ὗ ï total thermal transmittance including anomalies [W/(m2K)]  

Ὠ ï linear thermal transmittance [W/(mK)]  

ὒ ï characteristic length of linear transmittance 

… ï point transmittance [W/K] 

ὃ ïsurface area normal to direction of heat transfer[m2] 

Ὗ  ï clear field thermal transmittance (assembly) [W/(m2K)]  

 

The equation for the effective thermal conductivity of VIPs using the thermal 

transmittance approach is shown in Equation 3 (Wakili, Bundi, & B.Binder, 2004). Corners 
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are considered to create a negligible thermal bridge compared to the edges, so are not 

accounted for in the equation (Tenperik & Cauberg, 2007).  

 
‗ ‗ Ў  ‗ Ὠ Ὠzz

ὴὸ

ὃ
 

Equation 3 

‗  ï centre of panel thermal conductivity (W/mK) 

Ὠ ï linear thermal transmittance of the joint (W/mK) 

Ὠ ï thickness of the VIP (m) 

ὃ ï surface area perpendicular to the direction of heat transfer (m2) 

ὴὸ - perimeter of the panel (m) 

 

Equation 3 is used to determine the effective thermal conductivity of the VIPs 

studied in this thesis to increase the accuracy of industry standard calculation methods in 

predicting the thermal transmittance of a wall assembly containing VIPs. The linear 

thermal transmittances used in this thesis found in literature for differing VIP joints are 

provided in the following paragraphs. 

Wakili et al. (Wakili, Bundi, & B.Binder, 2004) tested VIPôs with fumed silica 

cores and various barrier films made up of both multiple layer metallized films and metal 

foils for both centre of panel thermal conductivity and effective thermal conductivity of the 

panel. The centre of panel values were determined for 500mm x 500mm panels and the 

edge effect was determined for two 500mm x 250mm panels.  

The thermal transmittance of the edge for two panels with different thickness of 

aluminum in the metalized polymer barrier are presented in Table 1. These results were 

determined from a numerical simulation which was benchmarked to the test results, for a 

panel of 1m by 1m. The numerical modelling was conducted by combining the multiple 
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thin barrier layers (metal and polymers) into a single layer, and therefore authors caution 

the use of these results for VIPs of different barrier foil types. 

Table 1: Thermal transmittance of VIP edge as per Wakili et  al. (Wakili, Bundi, & 

B.Binder, 2004). 

 

VIP barrier  Edge thermal transmittance  
ⱶ▀ [W/mK] 

Aluminum 90nm total thickness 6.96 (±1.63) *10-3 

Aluminum 300nm total thickness 9.19 (±1.63) *10-3 
 

 

Other uncertainties associated with these results occur due to the air gaps present 

between abutting VIPôs during the edge heat transfer testing. Measurements of the air gaps 

are not described in the work. Instead the air gaps were óadjustedô in the numerical 

simulations to tune the numerical results to the experiment results. This could cause errors 

in using these values to assess VIP designs, as variations in the air gap would change the 

linear thermal transmittance of the edge and joint. 

Tenperik et al. (Tenperik & Cauberg, 2007) present work on a method to 

analytically calculate the corresponding edge thermal transmittance of VIPs. The analytical 

equation assumes steady state heat transfer using assumed boundary conditions. The 

analytical model uses the following inputs to calculate the edge effect: the heat 

transmission coefficient at the boundary surface, the thickness of the VIP, the thickness of 

the laminate, the thickness of the laminate at the panel edge and the thermal conductivity 

of the laminate. This model assumes that the centre of panel thermal conductivity is equal 

to zero; therefore, it only applies while the ratio of the centre of panel to the edge thermal 

conductivities is very high. The analytical equation is compared to numerical modelling 
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results and the accuracy is claimed at 5%. However, no experimental comparisons are 

completed. The model does not account for air gaps that occur between two abutting VIPs.  

The details required regarding the laminate were not available for the VIPôs 

investigated in this thesis, and as such Tenperikôs analytical equation was not used to 

determine effective thermal conductivity for the calculation methods. Nonetheless it is a 

method that could be used to characterize the thermal bridge due to barrier foil at the edge 

of a VIP panel, if  details of the barrier film are known. 

Van Den Bossche et al. (Van Den Bossche, Moens, Janssens, & Delvoye, 2010) 

provide a review of the work completed by Wakili, Tenperik and many others on 

quantifying the effective thermal conductivity of VIPs when considering edge thermal 

bridges. The work conducts experiments to both evaluate the accuracy of the analytical 

equations proposed by Tenperik and to validate their own numerical heat transfer model 

for quantifying effective thermal conductivity of VIPs. The experimental method consisted 

of evaluating the contribution of the gas barrier film to the effective thermal conductivity 

by separately evaluating the VIP and the barrier film. This was completed by enveloping 

XPS (extruded polystyrene) panels of known thermal conductivity with the same barrier 

foil as that on the VIPs being tested. Testing was conducted on both XPS wrapped with 

and without the barrier foil to determine the thermal transmittance contribution of the 

barrier foil at edges and centre of panel. Centre of panel and thermal transmittance of edge 

values were also reported. For both XPS and VIP experiments, the air gap was varied and 

results determined that models which do not take account of the air gap between abutting 

VIPs are not reliable. Comparison of the experiment results to Tenperikôs equations 

determined that the equations overestimated the thermal transmittance of the edge values 
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by approximately 8% for a 20mm thick panel and 23% for a 30mm thick panel. The thermal 

transmittance of the edge for the VIPs measured in this work was 0.007 W/mK, which 

included the thermal transmittance due to a 4mm air space between panels. 

Lorenzati et al. (Lorenzati, Fantucci, Capozzoli, & Perino, 2014) evaluated 20mm 

VIPs with three different metallized barriers and four different materials in the joint 

between abutting VIPs. The joints evaluated included air, XPS, MDF and rubber. The 

linear thermal transmittance of the edge and joints for each case were determined using a 

heat flow meter apparatus. The linear thermal transmittance of various air gap joint widths, 

plus the edge barrier foil determined by Lorenzati et al. are presented in Table 2. 

Table 2: Linear t ransmittance of VIP edge accounting for air gap thickness (Lorenzati, 

Fantucci, Capozzoli, & Perino, 2014). 

 

Air gap thickness 

(mm) 

ⱶ▀ 

(W/mK) 

1.97 0.0255 

3.47 0.0284 

5.6 0.0391 

6.67 0.0519 
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For application to various VIP sizes and air gap widths, the results were normalized 

by perimeter to area ratio. Normalized results for a VIP measuring 600mmx1200mm (the 

size used in the wall assembly investigated in this thesis) are presented in Table 3. 

Table 3: Lorenzati et al. (Lorenzati, Fantucci, Capozzoli, & Perino, 2014) edge effect on 

overall thermal conductivity of VIPs. 

 

Air gap thickness (mm) % increase on ⱦἫἷἸ when including edge 

effects 

1.97 22% 

3.47 24% 

5.6 30% 

6.67 36% 
 

 

These results, in combination with measurements of the air gaps between VIP 

panels in the wall assembly investigated in this thesis, were used to approximate the 

effective thermal conductivity of the combined VIP and air joint layer in the wall assembly. 

The accuracy of using this method is evaluated by comparing industry standard calculation 

methods and numerical simulations for determining thermal resistance of wall assemblies 

to GHB test results. 

2.2 Guarded hot box test method 

The accuracy of using industry standard calculation methods, as well as two and 

three-dimensional heat transfer simulations, to determine the thermal transmittance of a 

wall assembly containing VIPs was evaluated by comparing the calculated results to results 

of a GHB test. A GHB is a test apparatus which subjects a wall assembly to a steady state 

temperature difference and determines the corresponding heat transfer rate through the 

specimen. The temperature difference and heat transfer rate measured in the GHB test are 
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used to calculate the thermal resistance of the wall assembly. The GHB used in this thesis 

was is owned by and resides at the National Research Council Canada, in Ottawa Ontario. 

This GHB has been extensively used in the past to conduct heat transfer research on walls 

and windows (Brown & Stephenson, 1993; Brown & Ullett, 1992; Maref, et al., 2012; 

Bowen & Solvason, 1987; Simko, Elmahdy, & Collins, 1998; Brown & Schwartz, 1987). 

 

Figure 3: GHB at National Research Council Canada. 

This section describes the use of GHBs in evaluating the thermal transmittance of 

wall assemblies, calibration methods, the GHB apparatus, and the ASTM C1363 (ASTM, 

2013) test method.  

2.2.1 Guarded hot box use for developing and validating calculation methods 

Due to the expense of physical testing significant work has been conducted to 

develop calculation methods which predict the thermal performance of building 

components and assemblies. Calculation methods can either be developed from first 

principles, or as correlations based on laboratory tests. Typically, the laboratory tests used 

to develop correlations or validate the calculation methods are completed in a GHB test 

apparatus. 
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Ullet et al. (J. M. Ullet, 1995) used a GHB to compare parallel path and isothermal 

planes calculation methods to GHB test results for steel stud walls. The parallel path and 

isothermal planes calculation methods are described in the industry standard calculation 

methods section. The results of the GHB testing were used to determine an averaging 

technique to describe the thermal performance of wall assemblies containing steel studs. 

Doran & Gorgolewski (S. Doran, 2002; Gorgolewski, 2007) developed a method 

for BRE 465 to calculate the effect of steel studs on the thermal resistance of wall 

assemblies, and compared it to tests completed in a GHB. This method is also further 

described in the industry standard calculation method section. 

Kosny (Kosny, 1995) developed the modified zone method to calculate thermal 

resistances of wall assemblies that contain steel stud assemblies, by comparing it to a series 

of GHB tests. The results from the GHB testing were used to determine an óeffective zoneô 

over which the steel stud influences the thermal performance of the wall assembly. 

Morris and Hershfield (Morris and Hershfield Ltd., 2011; 2014) used GHB testing 

to validate three-dimensional heat transfer simulation software used to determine thermal 

transmittance of thermal bridges in buildings. The software was used to develop a 

catalogue of thermal transmittance values for thermal bridges in a variety of wall assembly 

types. The thermal transmittances can be used in conjunction with the thermal 

transmittance method to determine the effective thermal resistance of building envelopes 

for whole building energy simulation software. The thermal transmittance method has also 

been compared with GHB tests in several ISO standards (ISO, 2007a; 2007b; 2007c).  

Energy codes (ASHRAE, 2016; NRC, 2016) refer to GHB as a direct method for 

characterizing thermal resistance of building envelopes. The energy codes also require that 
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any calculation methods used should be validated with GHB test results. Additionally, it is 

recognized that physical testing of assemblies using a GHB is required to characterize 

thermal performance of building envelopes when calculation methods do not yet exist, 

especially in the case of new or novel insulation technologies. 

These examples demonstrate the validity of using GHB test results to assess the 

accuracy of thermal performance calculation methods, as was completed in this thesis. 

2.2.2 ASTM C1363 

The GHB test method followed in this thesis was ASTM C1363 (ASTM, 2013). 

This test method defines calibration and characterizations that are required to produce 

reliable GHB results. The characterization tests are detailed in the following sections. 

Although the type of measurements and information gathered from an ASTM C1363 test 

may vary, a general test for any specimen is conducted in the following sequence: 

1. Specimen is installed into the insulated mask, taking care to ensure that the wall 

assembly is sealed to the specimen mask such that mass exchange between the 

metering box and the cold side chamber is not possible. 

2. Specimen surfaces (both warm and cold sides) are instrumented with 

thermocouples. The pattern of thermocouples needs to be specifically designed 

to capture the temperature variations that could occur across the specimen 

surface. 

3. Metering box and room side chambers are then sealed to the interior side of the 

specimen. 

4. Temperature control in each chamber is then initiated. The control setpoints 

consist of room side and metering box air temperatures of 21°C, and cold side 
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air temperatures of -20°C, and -35°C in two separate tests. Air temperature is 

monitored in each chamber via thermocouples suspended in the air, 

approximately 175 mm from the specimen surfaces. 

5. The apparatus is monitored until steady state thermal conditions (ASTM C168) 

have occurred. For the testing in this thesis steady state was assumed when the 

average sensor readings (heat input to metering box, surface temperature 

thermocouples, air temperature thermocouples) over three separate consecutive 

six-hour periods did not vary by more than the standard deviation of the sensors. 

6. At steady state conditions, the sensors are monitored for a period of six hours, 

and calculations are completed based on the average data for each sensor over 

that six-hour period. 

The following sections describe the GHB apparatus and characterization 

experiment method used in this thesis. Additionally, the method by which the average 

surface heat transfer coefficients that occur during the GHB tests are determined is 

described. The coefficients are used as the boundary conditions in the numerical modelling 

conducted in this thesis. 

2.2.3 Guarded hot box 

A GHB is a test apparatus designed to determine the effective steady state thermal 

transmittance rate of a wall assembly by subjecting it to a temperature difference and 

measuring the heat input required to maintain interior temperature conditions. The steady 

state thermal transmittance is represented as a one-dimensional value, as the boundary 

conditions during the test are averaged over the wall surfaces, and the heat transfer is 

characterized to only include that which occurs through the wall assembly. A schematic of 
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a GHB is presented in Figure 4. A detailed general description of a GHB is presented in 

ASTM C1363 (ASTM, 2013); a brief description of the GHB is included in this section. 

 

Figure 4: Guarded hot box test facility. 

A GHB consists of three environmental chambers designed to maintain steady state 

air temperature conditions on either side of a test specimen, and measure the corresponding 

heat transfer rate occurring through the wall assembly given that temperature difference. 

The results from a GHB test are generally given as the effective one-dimensional thermal 

transmittance rate, or itôs reciprocal the effective thermal resistance, of the test specimen 

for a given temperature difference. The cold side (weather side) of the test apparatus is 

designed to maintain a steady state cold side air temperature. The GHB used in this thesis 

maintains the cold side air temperature using a screw pump compressor to cool a 

refrigerant, which is then pumped through a refrigeration coil inside the cold chamber. A 

fan circulates air over the coil to achieve the set point temperature. The metering box 

(calorimeter) is designed to maintain a steady state interior air temperature and measure 



 24 

the corresponding heat input required to maintain this condition. The room side (warm 

side) is designed to maintain steady state conditions which match those maintained on the 

interior of the metering box. Ideally this creates an isothermal boundary between the 

metering box and the room side. A thermopile is wired between the interior (specimen side) 

and exterior (room side) surfaces of the metering box (Figure 4). A thermopile is a set of 

thermocouples wired in series which generate a voltage when subjected to a temperature 

difference through the thermoelectric effect. The voltage generated by the thermopile is 

minimized during a test to ensure as close to isothermal conditions between the room side 

air and metering box air. The thermocouple in the GHB used in this thesis consists of 

twenty thermocouples wired in series, with the nodes spread out to account for all surfaces 

of the metering box. 

The effective one-dimensional thermal resistance rate is expressed in two forms: 

the ñair to airò effective thermal resistance, or the ñsurface to surfaceò effective thermal 

resistance. An illustration demonstrating the ñair to airò and ñsurface to surfaceò thermal 

resistances is shown in Figure 5. 
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Figure 5: Schematic of ñair to airò and ñsurface to surfaceò thermal transmittance rates. 

The ñair to airò effective thermal resistance is the thermal resistance of the wall 

assembly including the average thermal resistance of the air films on each side of the 

specimen. The equation corresponding to the ñair to airò thermal resistance is presented in 

Equation 4. 

 
Ὑ   

ὃὝ ȟ Ὕ ȟ

ὗ
 Equation 4 

ὗ  ï heat transfer through the test specimen due to the temperature difference [W]. 

ὃ -  specimen surface area perpendicular to the direction of heat transfer [m2] 
Ὕ ȟ - metering box air temperature [°C] 
Ὕ ȟ ï weather side air temperature [°C] 

 

The ñsurface to surfaceò effective thermal resistance determines the thermal 

resistance based on the average surface temperature of the interior and exterior surfaces of 

the specimen. From Figure 5 the surface to surface thermal resistance is determined using 

Equation 5. 
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Ὑ   

ὃὝȟ 4ȟ
ὗ

 Equation 5 

Ὕȟ ï average specimen surface temperature on the metering box side [°C] 
Ὕȟ ï average specimen surface temperature on the weather side [°C] 

 

For wall assemblies, the more common metric is the ñair to airò effective thermal 

transmittance rate, as the surface temperatures of the specimen are typically too variable to 

allow the average surface temperature on each side of the specimen to be determined 

(ASTM, 2013). 

The effective thermal transmittance (or effective thermal resistance) represents the 

summation of all the apparent thermal transmittance rates (combined conduction, radiation 

and convection effects expressed only as conduction) of each individual material to the 

assembly thermal transmittance. Therefore, the effective thermal transmittance results for 

an assembly are accurate only for the temperature conditions specified. 

2.2.4 Guarded hot box characterizations 

The heat transfer paths during a test in a GHB are shown in Figure 6 (ASTM, 2013). 

The GHB measures the heat transfer through a test specimen, given steady state boundary 

conditions averaged over the interior (warm) and exterior (cold) surfaces of the specimen. 

The physical measurements that occur in a GHB test can vary, but at minimum consist of 

measuring the air temperature in the metering box, the surface temperature of the specimen 

on the metering box side, the surface temperature of the specimen on the weather side, the 

air temperature on the cold side, and the heat required to maintain the metering box 

temperature. 
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Figure 6: Heat transfer characterization in a guarded hot box. 

The heat required to maintain the metering box air temperature is provided through 

a resistive heater, designated by ὗ  in Figure 6. Ideally all the heat input by the resistive 

heater would be transferred through the specimen; however, some portion will transfer 

between the metering box and the room side chamber, and between the specimen and the 

mask. The blue arrows in Figure 6 represent the heat transfer that can occur through the 

metering box, referred to as the metering box loss. The green arrows represent the heat 

transfer that can occur from the specimen to the mask, referred to as the flanking loss. 

As stated, the air temperature in the metering box is maintained through a resistive 

heater. The rate of heat input to the calorimeter is monitored by measuring the voltage 

dissipation across a calibrated resistor (determines the current being supplied to the heater) 

in series with the heater, and the voltage drop across the heater itself. Measurement of the 
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current and voltage being supplied to the heater allows calculation of the wattage being 

dissipated by the heater through Equation 6. 

 ὗ Ὅz ὠ Equation 6 

ὗ  ï is the heat input to the metering box [W] 

Ὅ ï current supplied to the heater [A]  

ὠ ï voltage supplied to the heater [V]  

 

To isolate the heat transfer through the specimen (ὗ ) from the total heat being 

supplied by the heater (ὗ ), several heat transfer routes are required to be characterized. 

The heat transfer paths consist of the heat transfer that can occur between the metering box 

and the guard (ὗ ), between the specimen and the mask (ὗ , and finally through the 

specimen (ὗ ). The relationship between these heat flows are shown in Equation 7. The 

method by which these heat transfer paths are characterized is presented in the following 

section. 

 ὗ ὗ ὗ ὗ  Equation 7 

2.2.5 Combined flanking and metering box heat transfer 

Although ideally the room side temperature matches the metering box temperature 

exactly, in practice this is seldom possible, and some heat exchange occurs between the 

two chambers (ASTM, 2013). Likewise, although the insulated specimen mask ideally 

eliminates flanking heat transfer, in practice some occurs. The combined effect of the 

metering box heat transfer rate and flanking heat transfer rate were characterized for the 

GHB used in this thesis. The characterization consisted of determining the heat transfer 

rates in relation to the voltage generation of the thermopile wired between the walls of the 
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metering box which separate the metering box air and the room side air. This 

characterization method is described in Annex A6 of ASTM C1363 (ASTM, 2013). 

The characterization test requires a homogenous test specimen of known thermal 

properties to be installed in the GHB. This test specimen is referred to as a ñcharacterization 

specimenò (ASTM, 2013). The characterization specimen thermal properties are 

determined through testing a representative section of the material in a heat flow meter or 

guarded hot plate. For this thesis, a characterization specimen made entirely of XPS 

(extruded polystyrene) was used. The thermal resistance of this material for a variety of 

mean temperatures had been determined through previous testing not conducted during this 

thesis (Kumaran, 2006), using a heat flow meter. 

A series of ASTM C1363 tests were completed on the characterization specimen. 

Each test was conducted with the metering box and cold side air temperatures held at the 

set point at which future specimens would be evaluated (21°C, - 20°C and -35°C 

respectively). The room side chamber air temperature is then varied in each successive test 

to induce heat transfer through the metering box walls. The room side chamber temperature 

is varied to ensure that temperatures occur both above and below the metering box air 

temperature This is done to capture situations of heat transfer from the room side into the 

metering box, and from the metering box into the room side chamber. This situation also 

induces flanking heat transfer from the specimen to the insulated mask, as the temperature 

profile through the insulated mask is expected to change slightly with changing room side 

chamber temperature. 

The resulting thermopile voltage, heat rate input to the calorimeter, metering box 

air temperature, warm and cold side specimen surface temperatures, and cold side air 
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temperature are all recorded during the steady state conditions at each room side 

temperature test. Since the characterized specimen thermal resistance is known, and the 

surface temperatures of the specimen are monitored during each test, the rate of heat 

transferring through the specimen (ὗ ) can be calculated. The resulting difference between 

the total heat input to the metering box (ὗ ) and the heat transfer rate through the specimen 

(ὗ ) equals the combined effect of the metering box and flanking heat transfer paths at 

each condition of the metering box thermopile voltage. The slope of the difference between 

heat transfer through the specimen and heat input to the metering box is then determined 

for each condition, and used in future calculations to define the combined losses. 

After the slope has been determined, the zero offset of the thermopile is determined. 

The zero offset of the thermopile is the residual heat loss that occurs due to the combined 

effect of metering box loss and flanking loss when the thermopile reads zero. The zero 

offset for the thermopile is determined by subtracting the heat transfer rate measured when 

the thermopile voltage is zeroed out from the expected ASTM C518 result.  

2.2.6 Surface heat transfer coefficients 

The surface heat transfer coefficients represent the combined heat transfer effect, 

including the effects of radiation, conduction, and convection, that occur between the air 

and specimen surfaces on hot and cold sides of the GHB during a test. The surface heat 

transfer coefficients can be required for several reasons. They can be used to determine the 

ñsurface to surfaceò thermal resistance of a specimen from the ñair to airò thermal 

resistance measured in a GHB, or for boundary conditions for numerical modelling a GHB 

test. Additionally, to fully comply with the ASTM C1363 standard, the surface heat transfer 
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coefficients are required to be within a specified range. The surface heat transfer 

coefficients (Ὤ ) for the warm and cold sides are determined using Equation 8 and Equation 

9.  

 
Ὤ ȟ

ὗ

ὃᶻὝ ȟ Ὕȟ
 Equation 8 

 
Ὤ ȟ

ὗ

ὃᶻὝȟ Ὕ ȟ
 Equation 9 

ὗ  - heat transfer through the specimen [W] 

ὃ - specimen surface area perpendicular to the direction of heat transfer [m2] 
Ὕ ȟ ȟὝ ȟ - average metering box (h) air and cold side (c) air temperatures [°C] 

Ὕȟ ȟὝȟ ï average specimen metering box side surface and average cold side surface 

temperatures [°C] 

 

The surface heat transfer coefficients are determined using the test results on the 

characterization specimen at each specified exterior temperature required to be tested on 

future specimens. The average surface temperatures on the warm and cold sides during the 

test, and the thermal resistance of the characterization specimen are known. Therefore, heat 

flow rate through the specimen is determined by solving Equation 5 for ὗ . Area of the 

specimen and the average air temperatures in the metering box and the cold side are also 

known from the test results. The surface heat transfer coefficients based on average steady 

state conditions on each side of the specimen during the test can then be calculated. The 

average surface heat transfer coefficients are assumed to be transferrable to the VIP wall 

assembly and are used as boundary conditions in the numerical modelling in this thesis. 

2.3 Industry standard calculation methods 

The purpose of this thesis is to investigate the accuracy of industry standard 

calculation methods in predicting the effective thermal transmittance of a wall assembly 

containing VIPs when compared to results of GHB tests. This section describes the industry 
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standard calculation methods that were evaluated in this thesis. The calculation methods 

described in this section include the following: 

1. Parallel path method 

2. Isothermal planes method 

3. Modified zone method 

4. BRE 465 method 

5. Thermal transmittance method 

2.3.1 Parallel path method 

The parallel path calculation method assumes that all heat transfer occurs parallel 

to the interior to exterior temperature gradient (ASHRAE, 2013). As such it does not 

account for any two- or three-dimensional heat transfer including lateral heat flows that 

occur in the wall. 

In general, the method consists of dividing the frontal areas of the wall into sections 

based on their substructure differences or anticipated differences in thermal resistance 

value (R-value). A one-dimensional conduction resistance calculation is conducted based 

on an analogous electrical circuit of resistors in series for all materials along the division 

paths (Incopera, 2006). The R-values of each wall division are summated in an area 

weighted average based on the wall divisions frontal area relation to the total frontal area. 

The frontal area division used for the wall assembly investigated in this thesis is presented 

in Figure 7. 
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Figure 7: Parallel path method. 

2.3.2 Isothermal planes method 

The isothermal planes method assumes that all heat transfer occurs primarily 

laterally throughout each layer to form isotherms, then layer by layer in the direction of the 

thermal gradient. The method consists of dividing the wall into isothermal planes 

perpendicular to the interior to exterior temperature gradient. This method again uses the 

analogous electrical circuit, but this time divides the wall into sections which make use of 

the summation of resistors in parallel (Incopera, 2006) for each layer. The layers are solved 

first to determine the overall thermal resistance for each plane, then the planes are 

summated as resistors in series to determine the overall wall thermal resistance. Figure 8 

depicts the isothermal planes method plane divisions for the wall assembly evaluated in 

this thesis. 
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Figure 8 : Isothermal planes method. 

2.3.3 Modified zone method 

The modified zone calculation method (Kosny, 1995) was developed to account for 

the effects of steel studs on the thermal resistance of the wall assembly. It uses the 

ñthermally effected zoneò as the area for the parallel path calculation method rather than 

just the physical area of the component. The thermally effected zone is determined as the 

area to which the high thermal transmittance element effects the lower thermal 

transmittance elements around it.  

The modified zone (ὡ) is a function of the stud flange size (ὒ), the thickness of 

material layers in the section including studs (Ὠ), and the zone factor (ᾀ). The equation 

for the thermally effected zone is presented in Equation 10. 
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 ὡ ὒ ᾀᶻ Ὠ Equation 10 

ὒ - stud flange size [m] 

Ὠ - thickness of material layers in the section including studs, sheathing board, etc. [m] 

  ᾀ - zone factor 

 

The zone factor is defined as the ratio between the thermal resistivity of the 

combined materials in the first 25mm from the stud towards the exterior of the sheathing 

material and the thermal resistivity of the cavity insulation. The zone factor is given in the 

ASHRAE Handbook of Fundamentals (ASHRAE, 2013). The zone factor in this work was 

determined by transcribing this figure and fitting a curve to the resulting data, shown in 

Figure 9. 

 

Figure 9: Extrapolation of zone factor chart. 

2.3.4 Building Research Establishment Digest 465 method 

The Building Research Establishment (BRE) Digest 465 method (S. Doran, 2002; 

Gorgolewski, 2007) was also developed to determine the thermal resistance of wall 

assemblies containing steel studs. It consists of a weighted average method using the results 

y = 1.5556x0.2889

R² = 0.999

0

0.5

1

1.5

2

2.5

0 0.5 1 1.5 2 2.5 3

Z
o
n

e
 f

a
ct

o
r 

(z
f)

Average resistivity of 25mm sheathing materials/resitivity of 
cavity insulation

Zone factor - 90mm stud, transcribed ASHRAE 
Handbook Fig 6 27.5



 36 

from the isothermal planes (Ὑ ) and parallel path (Ὑ ) calculation methods. The 

weighted average depends on a weighting factor (ὴ) that is used to determine the 

contributions of the isothermal planes and parallel path calculation methods to the effective 

thermal resistance of the wall assembly. The estimated wall R-value (Ὑ) for light steel 

framing is determined from Equation 11. 

 Ὑ ὴz Ὑ ρ ὴ Ὑz  
Equation 11 

The weighting factor (ὴ) is a correlation that was determined from the results of 52 

different wall configurations that were simulated using a validated simulation program. 

The weighting factor is a function of the thermal resistance as calculated by the isothermal 

planes (Ὑ ) and the parallel path method (Ὑ ), the flange width (ύ), the stud 

spacing (ί) and the stud depth (Ὠ). It is presented in Equation 12. 

 

ὴ πȢψz
Ὑ

Ὑ
πȢττπȢρz

ύ

τπ ÍÍ
         

πȢςz
φππ ÍÍ

ί
πȢπτ

Ὠ

ρππ ÍÍ
 

Equation 12 
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3    Chapter: Results of guarded hot box characterization experiments 

This section presents the results for the heat flow path characterization tests, and 

the surface heat transfer coefficients in the GHB. 

3.1 Heat flow path characterization results 

As discussed, the heat flow path characterization for heat transfer through the 

metering box walls and between the specimen and mask (ñflanking lossò) were determined 

in a combined fashion, following the procedure detailed in Annex 6 of ASTM C1363. This 

procedure consists of varying the room side temperature to produce different heat transfer 

conditions across the metering box walls. The results are then correlated to the 

corresponding voltage (E0) generated by the thermopile wired between the metering box 

walls. 

The correlation for the metering box heat exchange related to the thermopile 

voltage for each exterior temperature are shown in Figure 10 and Figure 11. Plots of the 

experimental data for each test condition are presented in Appendix A  . 
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Figure 10: Thermopile voltage calibration, -20°C. 

 

 

 

 

Table 4: Thermopile 

characterization -20°C 

 

E0  

[mV] 

Power  

[W] 

1.90 -3.46 

1.92 -3.45 

-1.86 3.34 

-7.67 13.69 

3.60 -6.48 

1.86 -3.22 
 

 
Figure 11: Thermopile voltage calibration, -35°C. 

 

 

 

 

 

 

Table 5: Thermopile 

characterization -35°C 

 

E0  

[mV]  

Power 

[W] 

2.93 -5.27 

-0.94 1.70 

-0.80 1.42 
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The results shown in Figure 10 and Figure 11 for the relationship between the 

combined metering box and flanking losses and the thermopile voltage are very close for 

the two-different exterior temperatures. This is expected for the metering box loss, as it is 

much more dependent on the temperature difference between the metering box air and the 

room side air. The flanking loss should be slightly dependent on exterior temperature, as 

the temperature profile across the wall specimen and the mask changes for varying exterior 

temperature.  

The difference between the ASTM C1363 test value, and expected result calculated 

from the ASTM C518 test at each exterior temperature is considered the zero offset (E0=0). 

The results for the zero offset at each temperature are shown in are shown in Table 6. The 

difference in slopes is likely due to experimental error. 

Table 6: Zero offset for combined metering box loss and  

flanking loss at thermopile voltage E0=0. 

 

Exterior t emperature Zero offset 
[W]  

-20°C -1.6 

-35°C 4.2 
 

 

3.1.1 Combined metering box and flanking loss equations 

The combined equation for the metering box and flanking loss characterization for 

each exterior temperature is presented in Table 7. 

Table 7: Metering box and flanking loss equation for each exterior temperature 

Exterior t emperature Combined 

metering box and 

flanking loss 

-20°C -1.79(E0) - 1.6 

-35°C -1.80(E0) + 4.2 
 



 40 

 

3.2 Surface heat transfer coefficients 

The surface heat transfer coefficients were determined using the procedure outlined 

previously. It consisted of conducting an ASTM C1363 test on a characterization specimen, 

and calculating the surface heat flux coefficients for each side of the specimen based on 

the difference between the surface and air temperatures, and the heat flow through the wall. 

The resulting values for each temperature test are shown in Table 8. 

Table 8: Convection heat transfer coefficient calculation results 

 Convection heat transfer coefficient [m2K/W]  

Exterior  surface Interior s urface 

-20°C -60.8 8.9 

-35°C -50.4 7.5 

 

These average values are assumed to be consistent in the VIP wall test. The values 

are used as heat flux boundary conditions in the industry standard calculation methods and 

the numerical simulations to enable comparison to the GHB experiment results. 
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4    Chapter: Guarded hot box experiment set up and results 

This chapter describes the wall assembly that was tested in the GHB. The wall 

assembly materials and configuration are first described, followed by the locations in the 

wall assembly that were instrumented for temperature measurement. Following the 

description of the wall assembly the instrumentation locations and results of the GHB tests 

are presented. 

4.1 Wall assembly description and instrumentation locations 

The wall assembly consisted of a 2.44 m x 2.44 m x 0.20 m (8 ft x 8 ft x 8 in) 

specimen including both steel studs and VIPôs. The materials and dimensions used in the 

wall assembly are listed in Table 9 and a sketch of the layers of the wall assembly is shown 

in Figure 12. 

Table 9: Summary of wall assembly materials and dimensions. 

Layer Description 

1 15.875 mm (5/8 in) gypsum board 

2 10 mil polyethylene 

3 Mineral fibre insulation (89 mm, 3.50 in) 

4 
26 awg. Steel stud, with fiberglass clips for mounting VIP 

sandwich panels. 

5 
XPS-VIP-XPS sandwich panel (from interior to exterior) ï 12.7 

mm (1/2 in) XPS, 25 mm (1 in) VIP panel, 50 mm (2 in) XPS. 
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Figure 12: Schematic of wall assembly layers. 

Figure 12 layer 5 represents the XPS-VIP-XPS sandwich layer, which were made 

by adhering XPS to the interior and exterior side of 600 mm x 1200 mm x 25 mm VIP 

panels. The XPS layers were added to the VIP panel to protect the VIP surface from coming 

in to contact with sharp or abrasive surfaces in the wall assembly. These abrasive surfaces 

included the surface and edges of the steel studs, the fiberglass clips holding the panels in 

place and the fasteners from the exterior strapping or cladding.  

The XPS panels were slightly oversized (>600 mm high, >1200 mm wide) in each 

sandwich assembly compared to the VIP dimensions to ensure that adjacent VIP edges 

would not be in contact in the wall assembly. Due to construction tolerances and the 

2 3 
1 

4 
5 



 43 

oversized XPS portions of the sandwich assembly, the butt jointed panels resulted in slight 

air gaps. To eliminate the effect of the vertical air gap between XPS panels, caulking was 

added to the vertical joints. The horizontal air gaps between the rows of sandwich panels 

were not filled and therefore air gaps remained during testing. All seams were sealed on 

the exterior surface with tape to ensure that air exchange did not occur between these air 

joints and the exterior environment during testing. Representative photos of the butt joint, 

air gaps present in the assembly and the final taped exterior surface are shown in Figure 

13. 

 

  

 
 

Figure 13: Photos depicting the assembly air gaps that existed between XPS-VIP-XPS sandwich 

panels and the taped exterior surface to eliminate air exchange with the cold exterior. 
















































































































































































































































































































