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FOREWORD 

This is one of a series of reports to be published 
i describing research, development, and demonstration 

activities in support of the National Program for Building 
Thermal Envelope Systems and Materials. The National 
Program involves several federal agencies and many other 
organizations in the public and private sectors who are 
addressing the national objective of decreasing energy 
wastes in the heating and cooling of buildings. Results 
described in this report are part of the National Program 
through delegation of management responsibilities for the 
DOE lead role to the Oak Ridge National Laboratory. 

George E. Courville 
Program Manager 
Building Thermal Envelope 

Systems and Materials 
Oak Ridge National Laboratory 

M. P. Scofield 
Program Manager 
Building Systems Division 
Office of Buildings Energy R&D 
Department of Energy 
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EXECUTIVE SUMMARY 
8 

RESEARCH AND DEVELOPMENT DATA TO DEFINE 
5 PERFORMANCE OF REFLECTIVE MATERIALS USED TO 

IN BUILDING APPLICATIONS 

THE THERMAL 
CONSERVE ENERGY 

An experimental laboratory study has been conducted to 
measure the thermal performance of reflective insulation 
systems by the guarded hot box method. The goals of the 
study were to develop test and evaluation protocols, to 
measure and analyze thermal performance data on a selected 
number of idealized and commercial systems containing 
reflective airspaces, and to produce a consumer-oriented 
handbook pertaining to reflective insulation for building 
and commercial applications. 

The ASTM C 236 Guarded Hot Box test procedure was 
modified and used to measure the thermal resistance of 17 
different test panels. The test panel results were treated 
to extract the cavity thermal resistance. The cavity 
thermal resistance.results were compared to predicted values 
based on data presented in the ASHRAE Handbook of 
Fundamentals. Table i includes a summary description of the 
17 test panels, the test conditions, and the guarded hot box 
results. 

The steady-state thermal resistance tests on 17 
different test panels included a large number of important 
test parameters. Table i details 'these parameters and the 
ranges studied: heat flow direction (horizontal, up, and 
down), number of airspaces comprising the cavity (1, 2, and 
4), airspace effective emittance (0.03, 0.05), airspace 
aspect ratio (0.24 to 56), airspace mean temperature (30 to 
100F) and temperature difference (2.5 to 50F), framing 

iii 



TABLE I 

SIHURY DESCRlPTIOl Of SEVENTEEN TEST PANELS, CONOITIONS, AND 

RESULTS FOR TNE WRDED NOT BOX STUDY 

I I I I I I I I weasurcd 
1 Poncl 1 Heat Flau I I of 1 Alrspece ) Frm I f r- 1 hpxt 1 Delta T/ 1 Airspocc I 

1 No. I Direction I AirSpPm~ 1 ,E 1 MPtRrld 1 Sir9 1 Ratio 1 A.irSpKe 1 T mean 1 Rp (30) I Rc11(30) I Rpr(301 1 

-1- -1-- -I- .-.-A 

I 
--I- I 

‘A 1 noriront~l 1 1 1 0.0) 1 IIEPS 1 2x4 1 14 1 10.SOF \ SOF 3.46 2.39 2.51 

1 

I 1 1 1 

I 18 Norltmtd 1 2 1 0.05 1 XEPS 1 2x4 1 28 1 10*5OF I SOF 5.98 4.68 6.21 

I I 
I 1 1 1 

I I I I I I I -------bpv I 
I I I 

1 llorizatal 1 1 
2 

; 0.03 1 Mod 12x4 ; ii 3.46 2.60 2.58 
IO.03 1 Uod 12x41 1 S-SOf 13%1OOF 1 

1 1 1 

6.19 I 5.37 1 6.73 1 

I 2c 1 Ilorizmtal I 4 1 0.03 1 Mod 12x4 1 56 1 2.5-12.5f 1 30.%f 6.42 5.9s 16.05 1 1 1 I 

l-l I I I I 
k------ 

I l I I 
--I--t 

-I 

f 3A 
I I I I I 
1 NoritOntPl 1 1 1 0.03 1 XEPS ; 2x4 ; 14 I lo-5Of 3.89 2.n 2.56 1 1 1 

I 38 1 norironta1 J 2 1 0.03 1 NSPS I 2x4 1 28 1 5-5OF 135.1OOF 7.12 5.82 6.76 1 1 1 1 

I 3c 1 norirant*1 I 4 1 0.03 1 XEPS I 2x4 1 56 1 2.5-12.Sf 1 30-95F 7.40 6.13 16.06 I 1 1 1 

I -I 
I I 

1 4A 1 NWirmtPl 1 f0 11.00 1 

I 4S 1 WoritmtaL 1 fG 1 N/A I W 12x4 1 N/A 1 50f I 7sf 9.75 10.17 11.00 I 1 I 1 

---I- -I- --I- i 

1 111 1 VP I 1 1 0.05 1 XEPS 1 2 x 4 1 0.24 1 lo-50f 50,751 3.04 2.00 2.01 I I 1 1 1 

I I 
I 
I 
1 ~3 I Up I 1 1 0.05 1 Umd ; 2 x 6 j 0.38 i lo-SOF i 50,7Sf i 2.84 i 1.80 i 1.92 i 

I 
I 

D- I 
1 12S Dan I 4 ; 0.03 ; 1 

7.80 1 7.34 1 5.07 1 

l&d 2 x 6 1 0.09 f 2.5.12.5f ; 30.95F ( 14.17 I 17.48 1 24.23 1 

.I 

I 

I xx I crp f0 1 N/A I lfmd 12x6 1 N/A 1 501 ; 7sf i 14.27 i 17.27 j 16.91 

I 
I ---I-- k-- --I- 

I 13A I Up I 1 1 0.1 1 XEPS I 2 x 6 ) 0.38 1 IO-50f I 50,751 I 3.00 1 1.93 1 1.90 

I I D- I I I I I I I I 8.63 I 7.48 1 5.05 

1 138 1 Dan 1 .4 1 0.03 1 XEPS 1 2 x 6 1 0.09 1 2.5.12.5F 1 30.9SF 1 16.58 1 

I 13c I up I a 1 N/A 1 XEPS I 2x6 I NIA I 50f I f5F 1 17.27 1 

I- I I I l I I ---- I I - -I. I 

16.03 / 24.23 

16.22 1 16.91 

iv 



material (XEPS and wood) and framing material size (2x4, 

2x6). Tests were performed on similar constructions 
insulated with mass insulation. 

The test panel thermal resistance results were fitted 
as a function of temperature difference. To compare results 
from different test panels, these curve-fit coefficients 
were used to determine the panel thermal resistance with a 
temperature difference of 30F, s(30). The test panel 
thermal resistance values include the effect of the framing 
material and were between 3.0 and 9.0 hr ft2 F/Btu for 
airspace systems constructed with 2x4 framing members and 
between 2.8 and 16.6 hr ft2 F/Btu for airspace 
constructed with 2x6 framing members. For test 
constructed with mass insulation, the test panel 
resistances for systems constructed with 2x4 and 2x6 
members ranged from 9.8 to 12.2 and 14.3 to 17.3 
F/Btu respectively. * 

systems 
panels 

thermal 
framing 
hr ft2 

Two one-dimensional calculation techniques (ASHRAE and 
proposed ASTM) have been employed to determine the cavity 
thermal resistance from the measured test panel results. 
The cavity thermal resistance results were also fitted as a 
function of temperature difference and comparisons of 
results from different test panels are made utilizing these 
curve-fit coefficients calculated for a temperature 
difference of 30F, R,(30). The cavity thermal resistance 
values exclude the effect of the' framing members. The 
R,(30) values derived from the test panels constructed with 
2x4 framing members ranged from 2.0 to 7.9 hr ft2 F/Btut for 
test panels constructed with 2x6 framing members, the R,(30) 
values ranged from 1.8 to 17.5 hr ft2 F/Btu. For test 
panels constructed with mass insulation, the R,(30) values 
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for systems constructed with 2x4 and 2x6 framing members 
ranged from 10.2 to 11.2 and 16.2 to 17.3 hr ft2 F/Btu 
respectively. 

Where possible, the measured cavity thermal resistance 
is compared with literature data which is commonly employed 
to calculate the thermal resistance of reflective airspace 
assemblies, Rpr(30). This comparison was made to ascertain 
the validity of calculating the thermal resistance of 
reflective insulations based on literature data. The 
Rpr(30) values calculated for test panels constructed with 
2x4 framing members ranged from 2.0 to 16.1 hr ft2 F/Btu; 
for test panels constructed with 2x6 framing members, the 
Rpr(30) values ranged from 1.9 to 24.2 hr ft2 F/Btu. For 
test panels constructed with mass insulation, the Rpr(30) 
values were determined by direct measurement of the mass 
insulation by ASTM C 518. For systems constructed with 2x4 
and 2x6 framing members, the Rpr (30) values were 11.0 and 
16.9 hr ft2 F/Btu respectively. 

The major accomplishments of this study are stated 
below. 

1. The necessary modifications to standard ASTM hot 
box methods for testing reflective insulations and 
extracting the cavity thermal resistance from the test panel 
result have been developed. See Section 8. 

2. The ASTM guarded hot box method can accurately 
measure systems with large internal convective heat transfer 
components, similar to those present in reflective 
insulations. The maximum metering area perimeter to guard 
energy exchange was 5.4 percent but averaged less than 0.1 
percent for the experiments performed. See Section 10. 
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3. The test panel acceptance criteria in the proposed 
ASTM material specification for reflective insulations has 
been verified through the performance of four experiments on 
test panels filled with mass insulation. Comparison of the 
directly measured R-Values to the extracted cavity R-Values 
indicate agreement in the range of 2 to 9 percent. See 
Section 12.1. 

4. The impact of mean temperature and temperature 
difference on the thermal resistance of airspaces and test 
panels containing airspaces was quantified. For single 
airspace systems, an average decrease in thermal resistance 
of 0.2 percent per degree F increase in mean temperature was 
measured. A five-fold increase in temperature difference 
decreased the test panel R-Value by an average of 23 
percent. See Sections 11.2, 11.3, 11.4, and 11.5. 

5. The effect of the number of airspaces and their 
effective emittance on the 'thermal performance of a. test 
panel and its cavity have been measured. 'The average cavity 
thermal resistances for l-, 20, and 4-airspace cavities were 
4.0, 5.3, 11.4 hr ft2 F/Btu. See Section 12.6. However, 
when comparing a single series of three test panels whose 
only difference is the number of airspaces comprising the 
cavity, the 2- and 4-airspace test panels were only 1.8 and 
1.9 times more thermally resistive than the l-airspace test 
panel. See Section 11.3. A reduction in the airspace 
effective emittance from 0.05 to 8.03 increased the test 
panel thermal resistance of a l- and 2-airspace test panel 
by 0.4 and 1.1 hr ft2 F/Btu, respectively. See Section 
11.2. 

6. The impact of heat flow direction and the thermal 
resistance of the stud or framing material on the cavity and 
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test panel thermal resistance has been determined. The 
effect of the stud material on the test panel thermal 
resistance was determined by comparing a selected set of 

panels that were identical except for the stud material used 
in their construction. An average increase in test panel R- 
Values of approximately 15 percent was measured when 
replacing wood studs with XEPS studs. The average cavity 
thermal resistance for heat flow up, down, and horizontal 
was 1.9# 11.2, and 4.5 hr ftL F/Btu, respectively. See 
Sections 11.8 and 12.6. 

7. The two calculation methods used in this study for 
determining the. cavity thermal resistance agree to better 
than 8 percent with the agreement improving 'as the cavity 

' thermal resistance decreases. See Section 12; 

8. Accurate data on the building materials used to 
construct test panels is imperative for the calculation of 
the cavity thermal resistance. Differences of up to 9 
percent between measured and handbook material R-Values were 
noted. See Sections 6 and 7. 

9. A consumer-oriented handbook pertaining to the 
use, installation, and performance of reflective insulations 
has been written. See Section 14 and Appendix C. 

10. The literature data for single airspaces has been 
verified and the utilization of ..this data to calculate 
multiple airspace cavities significantly overestimates their 
thermal resistance. Data on one-airspace cavities gathered 
this study agrees with the literature to better than 5 
percent. However, the predicted thermal performance of two- 
and four-airspace systems were significantly higher (19 and 

L 
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48 percent, respectively) than measured results. See 
Section 13.3. 

This experimental study has identified a number of 
issues that require additional investigation to further the 
understanding of the thermal performance of reflective 
airspaces and insulation materials. Refer to Section 18 for 
a more comprehensive listing and discussion of this subject. 

1. Expansion of the literature data for airspaces 
with depths exceeding 3 l/2 inches is required. The primary 
use of reflective insulations are in systems that exceed 
this thickness. 

2. Expansion the existing data base to cover the 
entire range of reflective insulation materials, including 
cavities with up to 9 airspaces, is needed. 

3. Changes to the present government regulations 
regarding labelling of reflective insulation materials 
should be considered. These modifications should address 
the modifications to the test methods discussed in this 
report and allow the manufacturer to report R-Values for the 
cavity or material instead of for the system. 

4. Extension of the data' base to cover the 
temperature range typical for southern climates where the 
majority of reflective insulation materials are used in the 
U.S. is required. 

5. The effect of aspect ratio on the thermal 
performance of reflective insulations needs to be determined 
to generalize the existing data base through modelling. 
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6. A better understanding of the mechanisms of heat 
transfer in multi-airspace cavities and systems is necessary 
to understand why these cavities do not thermally perform as 
well as single airspace systems. This information could 
lead to the development of better reflective insulation 
products. 
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ABSTRACT 

RESEARCH AND DEVELOPMENT DATA TO DEFINE THE THERMAL 
PERFORMANCE OF REFLECTIVE MATERIALS USED TO CONSERVE ENERGY m IN BUILDING APPLICATIONS 

A comprehensive experimental laboratory study has been 
conducted on the thermal performance of reflective 
insulation systems. The goal of this study was to develop 
test and evaluation protocols and to obtain thermal 
performance data on a selected number of idealized and 
commercial systems containing reflective airspaces for use 
in analytical models. 

Steady-state thermal resistance has been measured on 17 
different test panels using two guarded hot boxes. 
Additional instrumentation was installed to measure the 
temperature of critical locations inside the test panels. 
The test parameters which have been studied are heat flow 
direction (horizontal, up, and down), number of airspaces 
comprising the cavity, airspace effective emittance, 
airspace aspect ratio, airspace mean temperature and 
temperature difference, and the thermal resistance of the 
stud material. Tests have also been performed on similar 
constructions with mass insulation. 

Two one-dimensional calculation techniques (ASHRAE and 
proposed ASTM) have been employed to determine the cavity 
thermal resistance from the measured test panel results. 
The measured cavity thermal resistance is compared with 
literature data which is commonly employed to calculate the 
thermal resistance of reflective airspace assemblies. 

A consumer-oriented handbook pertaining to reflective 
insulation for building and commercial applications has also 
been prepared as part of this study. 

xxiii 



f 

. 



RESEARCH AND DEVELOPMENT DATA TO DEFINE 
PERFORMANCE OF REFLECTIVE MATERIALS USED TO 

IN BUILDING APPLICATIONS 

1. INTRODUCTION 

A reflective insulation is defined 

THE THERMAL 
CONSERVE ENERGY 

as a thermal 
insulation consisting of one or more low emittance surfaces 
bounding one or more enclosed airspaces. The term 
llenclosedlt is critical in this definition since the major 
distinction between' reflective insulations and radiant 
barriers is the airspace condition. A radiant barrier 
system is defined as a building construction that consists 
of a low emittance surface bounded by an open airspace. 
These insulations are available in a variety of forms from 
single thickness foils bonded to backing materials to 
multilayered structures which create a series of parallel 
airspaces when installed in a conventional stud cavity. 
Their thermal performance depends .on the reduction of the 
radiative heat transfer across these airspaces while 
minimizing convective and conductive heat transfer through 
the airspace and the conductive heat transfer through the 
insulation structure (flanges and 

Reflective insulations alter 
are installed by modifying the 
airspace(s) and/or the number 

the systems in which they 
surface emittance of the 
of airspaces within the 

system; they therefore must be tested as a system. The 
supporting structure (studs, joists) of the system is 
required for their application and this structure invariably 
acts as a parallel path for heat transfer. The .measured 
system thermal performance must then be treated such that 
the reflective insulation "material" thermal resistance 'can 

foils). 



be determined to allow for the direct comparison of this 
product to other types of thermal insulation materials. 

Unlike mass insulation, the thermal resistance of 
reflective insulation is not a material property which can 
be defined as the ratio of its thickness and apparent 
thermal conductivity. Since the total heat transfer through 
a reflective insulation can have a significant convective 
component, factors such as heat flow direction and 
temperature difference have a major impact on its thermal 
resistance. 

A comprehensive assessment was undertaken for the 
Department of EnergyCl] on the subject of reflective 
insulations. This assessment discussed the controversial 
issues relating to the thermal performance of these systems. 
These issues included questions regarding applicability of 
current data on airspaces bounded- by reflective 
surfaces12r3r4J, 

a 
appropriate test methods, specimen 

configurations and analytical models used to derive 
results[4~5~6~7~81 I and the resultant disparities in thermal 
performance data. Some recommendations were made in this 
assessment on how these issues could be resolved. The major 
short-term recommendation was that a comprehensive 
experimental laboratory study, supported by well validated 
heat transfer models, be undertaken. 

As a result, an investigation designed to address some 
of the issues raised in the assessment was developed and 
performed by the Thermatest Division of Holometrix through ' 
the sponsorship of the Department of Energy Building Thermal, 
Envelope Systems and Materials (BTESM) program. 



2. SCOPE AND OBJECTIVES 

The objectives of this program were to develop an 
acceptable test and evaluation protocol, generate an initial 
data base on some idealized systems, and extend this data 
base to a limited number of commercial product types such 
that adequate analytical models to predict thermal 
performance could be developed and verified. 

The program involved the laboratory analysis of thermal 
resistance on 17 different test panels insulated with 
reflective or mass insulations. Ninety-eight different 
experiments on these test panels have been performed at 
Holometrix, Inc. in accordance with ASTM C 236-87, Standard 
Test Method for "Steady-State Thermal Performance of 
Building Assemblies by Means of a Guarded Hot Box@~[~]. The 
thermal resistance and emittance of all the materials used 
to construct the test panels were characterized. 

The test panels varied in construction details and 
cavity insulation material, and were tested with different 
heat flow directions and temperature conditions. The 
parameters studied were the number of airspaces in the 
cavity, the effective emittance of the airspace, the aspect 
ratio of the airspace, the framing or stud material used in 
the construction of the test panel, and the heat flow 
direction. 

From the system thermal resistance measurements, two 
one-dimensional calculation techniques were applied to 
determine the "material" or cavity thermal resistance. 
These calculation methods use the material properties and/or 
internal temperature measurements to deduce cavity thermai 
performance. One of the calculation procedures used for 



determining "materialI thermal performance has been 
.recommended for inclusion in the proposed ASTM Standard 
Specification for "Reflective Insulation for Building 
Applications~[l"]. The latest draft of this standard 
specification is presented in.Appendix A. 

The calculated cavity thermal resistance data has been 
compared to predictions based on the measurements of 
Robinson and Powlitch[2]. The data from this reference is 
widely accepted and forms the basis for the thermal 
resistance of airspaces summarized in the ASHRAE Handbook of 
Fundamentals[4]. 

The final task of this program was to prepare a booklet 
for distribution to potential users of reflective insulation 
such as home builders and weatherization contractors 
containing information regarding the results of the 
experimentation, factors affecting the actual thermal 
performance when installed in buildings, the effects of 
framing members, and a discussion of installation 
procedures. Due to the anticipated audience, the emphasis 
of the booklet was to be practical in nature. 

An important feature of this program was establishing a 
review or advisory panel consisting of individuals from 
industry, government and, academia. Each member of the 
panel had some relevant experience in the subject of 
reflective insulations. The purpose of this panel was to 
monitor the progress of the program, and advise the 
investigators. Thus, all industry sectors were periodically 
updated on the status of the program, allowing for the rapid 
dissemination of data information generated during the 
course of the program. 
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3. DETAILS OF THE TEST PANELS 

Seventeen test panels were constructed by Holometrix, 
Inc. and were subsequently tested in a guarded hot box. A 
summary description of the test panels is presented in Table 
1. 

Test panels that were to be analyzed with horizontal 
heat flow (wall configuration) were approximately 
dimensioned 94 inches square. These test panels were 
constructed with 2 x 4 studs placed 16 inches on center such 
that the center of the test panel aligned with the center of 
the central cavity with three full cavities inthe metering 
area. Test panels that were to be tested with vertical heat 
flow (floor and ceiling configurations) were 75 by 78 inches 
with the structural members paralleling the 75 inch 
dimension. They were constucted such that a stud aligned 
with the center line of the test panel and two full width 
cavities were in the metering area. With the exception of 
Test Panel 11A which was constructed with 2 x 4 studs, all 
of the vertical heat flow test panels were comprised of 2 x 
6 studs spaced 16 inches on center. The cavities in these 
panels were oriented such that the center line of,the test 
panel aligned with a stud member. 

The perimeter of all the test panels was fabricated 
with appropriately sized wood studs. Figures 1 and 2 detail 
the layout of the stud members for the horizontal and 
vertical heat flow experiments respectively. Schematics of 

the cavity cross-sections are shown in Figure 3. 

A l/4 inch thick plywood material was used to sheath 
both sides of each test panel. The l/4 inch plywood is an 
atypical sheathing but was selected to minimize the 



TABLE 1 

SUMMARY DESCRIPTION OF SEVENTEEN TEST PANELS AND CONDITIONS FOR 

THE GUARDED HOT BOX STUDY 

1 Panel 1 Heet Flow 1 # of 1 Airspace 1 Frama 1 Frama 1 Aspect j Delta 11 i Airspace 
1 

I 
No. 

I 
I Direction I Airspaces I E (1) I Ueteriai 1 Size ),Ratio (2) I Airspace 1 T mean I 

1 

I 

1 I 1 

4 
I ! I I I 

1A I Horizontal I 1 1 0.05 I XEPS 1 2 x 4 1 lb 1 lo-5OF 1 5OF 1 

I 1B 1 Horizontal 1 2 1 0.05 1 XEPS 1 2 x 4 I 28 1 lD-SDF 1 5OF 1 

I f I i I I I I I I 
I ii 1 I Horizontal Horizontal 1 I 2 1 1 1 0.03 0.03 1 1 1 

1 
uood Wood 

1 
2 2 x x b 4 

I 
28 lb 1 10*5OF 5-5OF 1 

1 1 
35.1DOF 50,75F I 

I 

I 

2c I Horizontal I 4 1 0.03 1 Wood 1 2 x 4 I 56 1 2.5.12.5F I 30.95F I 

I I I I I I I I I 
I 
I 3A 

1 1 I I I I I 
Horizontal 1 1 0.03 I XEPS I 2 x b 1 lb 1 10.5OF 1 50,?5F ( 

I 38 I Horizontal I 2 1 0.03 1 XEPS I 2 x 4 I 28 1 5-50F 1 35-1OOF I 

I 3C [ Horizontal I 4 1 0.03 1 XEPS I 2 x b 1 56 1 2.512.5F 1 30-9SF 1 

I bA (3) I Horizontal I FG 1 N/A 1 XEPS I 2 x b I N/A 1 5OF I EF I 
1 48 (3) I Horizontal I FG 1 N/A 1 ‘hod 1 2x4 I N/A 1 5OF I =F I 

I I I I I I I I I I 
1 11A I Up & Down I 1 1 0.05 I XEPS 1 2 x 4 I 0.24 1 lo-SOF 1 50,75F I 

1 
I 
I I 1 I I 

I I I 
I I 

1 12A I Up & Down I 1 1 0.05 1 Wood 1 2 x 6 1 0.38 1 lD-50F I 50,nF I 
I 12B I Down I 4 1 0.03 1 Uood 1 2 x 6 I 0.09 1 2.5.12.5F 1 30-95F 1 

1 l2C (3) 1 Up 1 FG 1 N/A 1 Uood 1 2x6 1 N/A 1 5OF I 7z.F I 

1 
I I 

I 
I 

/ 
I I 

I I I I 
1 13A I Up 8 Down I 1 1 0.05 ; XEPS 1 2 x 6 1 0.38 1 lo-5OF 1 50,75F 1 

I 138 I Down I 4 1 0.03 1 XEPS 1 2 x 6 I 0.09 1 2.5-12.5F I 30.95F I 

1 13C (3) 1 Up 1 FG 1 N/A 1 XEPS I 2 x 6 I N/A 1 5DF I EF I 

Notes: 1. E is the effective emittancc of each airspace in the cavity calculated 

bv E = 1 / We1 + l/e2 -11 where el and e2 are the emittances of the 

surfaces bounding the airspace. 

2. The aspect ratio of the airspace is defined as the ratio of airspace height 
and the airspace thickness for horizontal heat flow. For vertical heat 

flow, the aspect ratio is defined as the airspace thickness divided by 
the airspace width. 

3. The cavities of Test Panels bA, 48, 12C, and 13C are filled with a fiberglass 
hatt material. 
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78” --j l-@- 3.5 OR 5.5“ 

OUTSIDE FRAME: 2 X 4 OR 2 X 6 WOOD STlRlS 
INSIDE STUDS: WOOD OR XEPS FOAM 

Figure 2: Vertical Heat Flow Test 
Pmel Stud Layout 



Test Panels 1A. llA, Test Panels 2A and 3A Test Panel 16 
12A, and 13A. E - 0.05 E - 0.03 E = 0.05 

-- 

Test Panels 29 and 39 Test Panels 2C, 3C. Test Panels 4A. 49, 
E = 0.03 126, and 139. E = 0.03 12C, and 13C. 

I Framing Material 

El Mass Insulation 

E Reflective Surface 

I Non-Reflective Surface 

Figure 3: Test Panel Cavity 
Configurations 



additional thermal resistance that typical sheathing adds to 
the test panel. 

Ten panels (lA, lB, 3A, 3B, 3C, 4A, llA, 13A, 13B, and 
13C) were constructed with extruded polystyrene foam (XEPS) 
studs. These studs were fabricated by slicing 3 l/2 or 5 
l/2 inch wide strips from a nominal 1 l/2 inch thick board 
and installing them in the test panel such that the 
predominant heat flow direction in the stud would be along 
the width of the extruded polystyrene foam board. Seven 
panels (2A, 2B, 2C, 4B, 12A, 12B, and 12C) were constructed 
with 2 x 4 or 2 x 6 kiln-dried eastern spruce balsam fir 
wood studs. 

The .plywood sheathing was attached to the wood studs 
with 1 l/4 inch hardened steel drywall screws located 12 
inches on center. To attach the sheathing to the XEPS 
studs, l/4 inch diameter nylon threaded rods were installed 
into holes which were drilled through the sheathings and 
XEPS studs. These holes were situated 16 inches on center: 
there were 8 or 6 nylon rods in the metering area for the 
horizontal and vertical heat flow tests respectively. The 
sheathing was held in-place by tightening nylon nuts onto 
each side of the threaded rods, pressing the sheathing onto 
the framing material. 

Single reflective airspaces having an effective 
emittance of 0.05 were incorporated into Test Panels lA, 
llA, 12A, and 13A. To create a single reflective airspace 
having an effective emittance of approximately 0.05, a sheet 
of 0.010 inch thick single thickness reflective insulation 
material, supplied by a reflective insulation manufacturer, 
was adhered to the interior side of the hot side sheathing 
material. 

10 
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A single airspace having an effective emittance of 0.03 
was constructed by applying the single thickness reflective 
insulation material to the interior sides of both 
sheathings. This type of cavity insulation was installed in 
Test Panels 2A and 3A. 

Test Panel 1B was insulated with a two-airspace cavity 
with each airspace having an effective emittance of 0.05. 
To construct this cavity insulation system, a sheet of 
single thickness reflective insulation material with a 
reflective surface on both sides was installed in the exact 
center of the cavity thickness. To decrease the effective 
emittance of each airspace in the two-airspace cavity from 
0.05 to 0.03, both sheathings were laminated with the single 
thickness reflective insulation material. This cavity 
insulation system was installed in Test Panels 2B and 3B. 
To hold the central foil in place, the width of the 
reflective insulation material installed in the center of 
the cavity was adjusted so that the material could be folded 
and attached directly to the stud. The width. of the 
attachment flange was 1 inch. In the wood stud test panel, 
the flanges were stapled to the stud. Staples were applied 
12 inches on center. To hold the central foil to the XEPS 
studs, the flanges were pressed against the stud with a 1 x 
l/2 inch fiberglass angle and held in place with l/8 inch 
diameter threaded nylon rods and nuts spaced 12 inches on 
center. 

The four-airspace cavities, each having an effective 
emittance of 0.03, were created by utilizing a commercial 
three-layer product supplied by a reflective insulation 
manufacturer. This insulation system was installed in Test 
Panels 2C, 3C, 12B, and 13B. The interior layer of this 
insulation material was foil and the two exterior layers 

11 



were foil laminated to a kraft paper backing material. The 
foil on the exterior layers was attached to the outside 
surface. The foil and foil/kraft paper laminates are 
adhered to cardboard flanges to facilitate installation and 
create the appropriate layer spacing. This combination of 
foil and paper backed foil provided one low emittance 
surface for each airspace. When applied to a 2 x 4 stud 
cavity, the thickness of each airspace in this cavity was 
approximately 7/8 inches. When incorporated into a 2 x 6 
cavity, the two exterior airspaces were 1 7/'8 inches deep 
while the two interior airspaces were 7/8 inches thick. The 
application of this product was performed following the 
manufacturer's instructions. Attachment to the wood and 
XEPS studs was identical to the methods used on the central 
foils of the two-airspace cavity systems. 

Tests were also performed on test panels insulated with 
fiberglass batt insulation. Test Panels 4A and 4B were 
insulated with nominal R-11 (3 l/2 inches) unfaced 
fiberglass blankets, while Test Panels 12C and 13C were 
insulated with nominal R-19 (6 l/4 inches) unfaced 
fiberglass blankets which were acquired from a local retail 
source. These experiments were performed to verify that the 
subsequent calculations could accurately deduce the material 
thermal resistance of the cavity insulation from the system 
R-Value test. 

Whenever a single thickness reflective insulation was 
laminated to the sheathing, a l/8 inch wide thermal break 
was cut into the laminate around the perimeter of the 
metering area. Appropriately sized convective breaks or 

stops fabricated from 1 l/2 inch thick XEPS foam were used 
along the open portion of the metering box perimeter. to 
prevent air exchange between the metering and guard areas of 

12 
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the test panel. These convective stops were installed such 
that they were physically outside of the metering area with 
one side of the stop aligned with the perimeter of the 
metering area. Convective stops were also installed in the 
adjoining guard area cavities in an attempt to replicate the 
convective loops of the metering area. A thin layer of mass 
insulation was installed between the convective stops and 
the cut edges of the foils to guarantee an adequate seal. 
The location of the convective breaks for a typical 
horizontal heat flow test panel is shown schematically in 
Figure 4. 

4. THE TEST MATRIX 

. 

Forty-eight experiments were performed on the ten 
different horizontal heat flow test panels and fifty tests 
were undertaken on the seven vertical heat flow test panels. 
Targeted test conditions for each individual test panel are 
detailed in Tables 2 through 18 and Table 19 summarizes the 
reasons for including each panel in the test matrix. The 
individual test panels are discussed below. 

4.1 IDEALIZED PANELS: XEPS STUDS. E=0.05. 1 AND 2 
AIRSPACES, HORIZONTAL AND VERTICAL HEAT FLOW 

Test Panels lA, lB, and 11A were designed to be 
identical to configurations analyzed by Robinson and 
Powlitch[2] except that the framing members were fabricated 
with a material of high thermal resistance and the cavity 
width was narrower than Robinson and Powlitch had tested. 
These test panels contained idealized airspacest the 
construction of the airspace(s) was accomplished . by 
carefully attaching layers of a single thickness reflective 

13 
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-Convective Blocks 

-Metering Area 

-Wood or XEPS 
Studs 

FIGURE 4: Location of Convective Blocks 
in Horizontal Heat Flow Test Panel. 
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TABLE 2 

CONDITIONS FOR HORIZONTAL HEAT FLOW TEST PANELS 

PANEL NO.: 1A 
NO. OF AIRSPACES: 1 
CAVITY EMITTANCE: 0.05 

ASPECT RATIO: 14 

DESCRIPTION 
e.w"---"m"---"w-LI-" LIIII---"---"su-"I-"- 
ONE SURFACE BLACK, THE OTHER 
REFLECTIVE, TO SIMULATE SURFACE 
PROPERTIES OF PANELS IN NBS WORK. 
FRAME OF EPS TO REDUCE FRAME HEAT 
LOSS CORRECTION. 

DELTA T AIRSPACE MEAN 
TEST NUMBER T hot T cold PER AIRSPACE TEMPERATURE 
----w-"--I- --"--a"-" ""BMea0l-a "--n.--'-ww----"-a.- --------------------------- 

H-l 75 25 50 50 
H-2 70 30 40 50 
H-3 65 35 30 50 
H-4 60 40 20 50 
H-5 ' 55 45 10 50 

NOTES: (1) 
(2) 

TEMPERATURES ARE GIVEN IN DEGREES FAHRENHEIT. 
T hot AND T cold ARE THE INTERIOR TEMPERATURES OF THE 
SHEATHINGS. 



TABLE 3 

CONDITIONS FOR HORIZONTAL HEAT FLOW TEST PANELS 

PANEL NO.: 
NO. OF AIRSPACES: 
CAVITY EMITTANCE: 

ASPECT RATIO: 

1B 
2 

0.05 
28 

TEST NUMBER T hot T cold 
"""""""W""" --"-""I-- """-""I-- 

H-6 125 25 
H-7 110 30 
U-8 95 35 
H-9 80 40 

H-10 65 45 

DESCRIPTION 
~"""""I""""""""~""""""-~-"-"""""""""~ 
SINGLE FOIL INSTALLED IN CENTER 
OF 3 l/2 INCH CAVITY TO PRODUCE 
TWO AIRSPACES WITH SURFACE PROPERTIES 
IDENTICAL TO PANEL 1A. FRAMEOF 
EPS TO REDUCE FRAME HEAT LOSS 
CORRECTION. 

AIRSPACE MEAN 
TEMPERATURE 

DELTA T """I--"-~"-"""-~""-""""--~- 
PER AIRSPACE 1 2 

""&wee-""""-""""-" ""e-e-" "-"-I-w 
50 100 50 
40 90 50 
30 80 50 
20 70 50 
10 60 50 

NOTES: (1) TEMPERATURES ARE GIVEN IN DEGREES FAHRENHEIT. 
(2) T hot AND T cold ARE THE INTERIOR TEMPERATURES OF THE 

SHEATHINGS. 



TABLE 4 

CONDITIONS FOR HORIZONTAL HEAT FLOW TEST PANELS 

DESCRIPTION 

PANEL NO.: 
NO. OF AIRSPACES: 
CAVITY EMITTANCE: 

ASPECT RATIO: 

“““““““““--“I”“““-“““““-““““““““””””” 

2A BOTH INTERIOR SURFACES REFLECTIVE. 
1 STANDARD STUD WALL WITH WOOD 

0.03 FRAME. 
14 

TEST NUMBER 
""""""e""-" 

H-11 
H-12 
H-13 
H-14 
H-15 
H-16 

DELTA T AIRSPACE MEAN 
T hot T cold PER AIRSPACE TEMPERATURE 

""""""I"" ""CI"""""" """""""""""""""""" """""-""""""""""""""""--""- 
100 50 50 75 
95 55 40 75 
90 60 30 75 
85 65 20 75 
80 70 10 75 
75 25 50 50 

NOTES: (1) TEMPERATURES ARE GIVEN IN DEGREES FAHRENHEIT. 
(2) T hot AND T cold ARE THE INTERIOR TEMPERATURES OF THE 

SHEATHINGS. 



TABLE 5 

CONDITIONS FOR HORIZONTAL HEAT FLOW TEST PANELS 

DESCRIPTION 

PANEL NO.: 2B 
NO. OF AIRSPACES: 2 
CAVITY EMITTANCE: 0.03 

ASPECT RATIO: 28 

TEST NUMBER T hot T cold 

H-17 125 25 
H-18 95 15 
H-19 90 30 
H-20 85 45 
H-21 80 60 
H-22 77.5 67.5 

““““““““““““““““““““““““““““““--”””-” 

ALL INTERIOR SURFACES REFLECTIVE. 
STANDARD STUD WALL WITH WOOD FRAME. 

AIRSPACE MEAN 
TEMPERATURE 

DELTA T """"""""""""""""""""""""""" 
PER AIRSPACE 1 2 

""""*-"I-"-""""""" """"""" """"""I 
50 100 50 
40 75 35 
30 75 45 
20 75 55 
10 75 65 
5 75 70 

NOTES: (1) TEMPERATURES ARE GIVEN IN DEGREES FAHRENHEIT. 
(2) T hot AND T cold ARE THE INTERIOR TEMPERATURES OF THE 

SHEATHINGS. 

‘ c 



TABLE 6 

CONDITIONS FOR HORIZONTAL 

PANEL NO.: 2c 
NO. OF AIRSPACES: 4 
CAVITY EMITTANCE: 0.03 

ASPECT RATIO: 56 

TEST NUMBER T hot T cold 

H-23 100 50 
H-24 95 55 
H-25 90 60 
H-26 85 65 
H-27 80 70 
H-28 75 25 

NOTES: 
;z'; 

HEAT FLOW TEST PANELS 

DESCRIPTION 
"""""""""""""I""""""""-"""""-"""""""" 
COMMERCIAL THREE-FOIL PRODUCT 
INSTALLED IN STANDARD STUD WALL WITH 
WOOD FRAME. ALL AIRSPACES ARE BOUNDED 
BY ONE HIGH EMITTANCE SURFACE AND 
ONE REFLECTIVE SURFACE. 

AIRSPACE MEAN 
TEMPERATURE 

DELTA T """""""""""-"""""""L""""""" 
PER AIRSPACE 1 2 3 4 

"""""""-""me.."""""" """"" """"LI """"" ""I"" 
12.5 94 81 69 56 

10 90 80 70 60 
7.5 86 79 71 64 

5 82 78 72 68 
2.5 79 76 74 71 

12.5 69 56 44 31 

TEMPERATURES ARE 
T hot AND T cold 
SHEATHINGS. 

GIVEN IN DEGREES 
ARE THE INTERIOR 

FAHRENHEIT. 
TEMPERATURES OF THE 



TABLE 7 

CONDITIONS FOR HORIZONTAL HEAT FLOW TEST PANELS 

PANEL NO.: 
NO. OF AIRSPACES: 
CAVITY EMITTANCE: 

ASPECT RATIO: 

TEST NUMBER T hot 
""""""""I"" """""ew"" 

H-29 100 
H-30 95 
H-31 90 
H-32 85 
H-33 80 
H-34 75 

3A 
1 

0.03 
14 

DESCRIPTION 
""-I""""""_"_"-""""-"""---"""-"""-"-" 
BOTH INTERIOR SURFACES REFLECTIVE. 
LOW CONDUCTANCE FRAME, SAME 
GEOMETRY AS PANEL 2A. 

DELTA T AIRSPACE MEAN 
T cold PER AIRSPACE TEMPERATURE 

"I""""""" """""-""""""-"e""" """""""""""I""-""""""-""""" 
50 50 75 
55 40 75 
60 30 75 
65 20 75 
70 10 75 
25 50 50 

NOTES: (1) TEMPERATURES ARE GIVEN IN DEGREES FAHRENHEIT. 
(2) T hot AND T cold ARE THE INTERIOR TEMPERATURES OF THE 

SHEATHINGS. 



TABLE 8 

CONDITIONS FOR HORIZONTAL HEAT FLOW TEST PANELS 

PANEL NO.: 3B 
NO. OF AIRSPACES: 2 
CAVITY EMITTANCE: 0.03 

ASPECT RATIO: 28 

TEST NUMBER T hot T cold 
""""""""""" """"""""I """"""""1 

H-35 125 25 
H-36 95 15 
H-37 90 30 
H-38 85 45 
H-39 80 60 
H-40 77.5 67.5 

DESCRIPTION 
"""""""""""""-"""""""""""""""-""""""" 
ALL INTERIOR SURFACES REFLECTIVE. 
LOW CONDUCTANCE FRAME, SAME 
GEOMETRY AS PANEL 2B. 

AIRSPACE MEAN 
TEMPERATURE 

DELTA T """""""""""""""""L""""""""" 
PER AIRSPACE 1 2 

"""""""""""""-I""" """"""I -"""""" 
50 100 50 
40 75 35 
30 75 45 
20 75 55 
10 75 65 
5 75 70 

NOTES: (1) TEMPERATURES ARE GIVEN IN DEGREES FAHRENHEIT. 
(2) T hot AND T cold ARE THE INTERIOR TEMPERATURES OF THE 

SHEATHINGS. 



TABLE 9 

CONDITIONS FOR HORIZONTAL HEAT FIX)W TEST PANELS 

PANEL NO.: 3c 
NO. OF AIRSPACES: 4 
CAVITY EMITTANCE: 0.03 

ASPECT RATIO: 56 

TEST NUMBER T hot T cold 
"""""""""W" """"""""I """"""""I 

H-41 100 50 
H-42 95 55 
H-43 90 60 
H-44 85 65 
H-45 80 70 
H-46 75 25 

DESCRIPTION 
"""""""""""""""""""""""""~""""""""""" 
COMMERCIAL THREE-FOIL PRODUCT 
INSTALLED IN STANDARD STUD WALL WITH 
LOW CONDUCTANCE EPS FRAME. ALL 
AIRSPACES ARE BOUNDED BY ONE HIGH 
EMITTANCE SURFACE AND ONE 
REFLECTIVE SURFACE. 

AIRSPACE MEAN 
TEMPERATURE 

DELTA T """"""-""-"""L"""~""""~"""" 
PER AIRSPACE 1 2 3 4 

“““““““““““““““““” ““““” ““““” “w-1” ““““L 

12.5 94 81 69 56 
10 90 80 70 60 

7.5 86 79 71 64 
5 82 78 72 68 

2.5 79 76 74 71 
12.5 69 56 44 31 

NOTES: (1) TEMPERATURES ARE GIVEN IN DEGREES FAHRENHEIT. 
(2) T hot AND T cold ARE THE INTERIOR TEMPERATURES OF THE 

SHEATHINGS. 
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TABLE 11 

CONDITIONS FOR HORIZONTAL HEAT FLOW TEST PANELS 

DESCRIPTION 

PANEL NO.: 4B 
NO. OF AIRSPACES: 1 
CAVITY EMITTANCE: WA 

ASPECT RATIO: N/A 

""""""""""""---""""""""""-""""""""""" 
CAVITY FILLED WITH MASS INSULATION. 
STANDARD STUD WALL WITH WOOD FRAME. 
SAME GEOMETRY AS PANEL 2A. 

DELTA T AIRSPACE MEAN 
TEST NUMBER T hot T cold PER AIRSPACE TEMPERATURE 
""""""""""" """"""I"" """""I""" ---------------se-- """"""""""""""""""""""""""" 

H-48 100 50 50 75 

NOTES: (1) TEMPERATURES ARE GIVEN IN DEGREES FAHRENHEIT. 
(2) T hot AND T cold ARE THE INTERIOR TEMPERATURES OF THE 

SHEATHINGS. 

, * . 



TABLE 12 

PANEL NO.: 11A 
NO. OF AIRSPACES: 1 
CAVITY EMITTANCE: 0.05 

ASPECT RATIO: 0.24 
HEAT FLOW DIRECTION: UP AND DOWN 

STUD SIZE: 2X4 

TEST NUMBER T hot 
""""""W"""" """""I""" 

V-l 75 
v-2 70 
V-3 65 
v-4 60 
V-5 55 
V-6 100 
v-7 75 
V-8 70 
v-9 65 

v-10 60 
V-l1 55 
v-12 100 

CONDITIONS FOR VERTICAL HEAT FLOW TEST PANELS 

DESCRIPTION 
""""""""""""""""""""""""""""""""""""" 
ONE SURFACE BLACK, THE OTHER 
REFLECTIVE, TO SIMULATE SURFACE 
PROPERTIES OF PANELS IN NBS WORK. 
FRAME OF EPS TO REDUCE FRAME HEAT 
LOSS CORRECTION. 

HEAT 
T cold FLOW 

25 UP 
30 UP 
35 UP 
40 UP 
45 UP 
50 UP 
25 DOWN 
30 DOWN 
35 DOWN 
40 DOWN 
45. DOWN 
50 DOWN 

DELTA T 
PER AIRSPACE 

AIRSPACE MEAN 
TEMPERATURE 

““““““W”“““““““““” ““““““““““““““““““““““““““” 

50 50 
40 50 
30 50 
20 50 
10 50 
50 75 
50 50 
40 50 
30 50 
20 50 
10 50 
50 75 

NOTES: (1) TEMPERATURES ARE GIVEN IN DEGREES FAHRENHEIT. 
(2) T hot AND T cold ARE THE INTERIOR TEMPERATURES OF THE 

SHEATHINGS. 



TABLE 13 . 

CONDITIONS FOR VERTICAL HEAT FLOW TEST PANELS 

PANEL NO.: 12A 
NO. OF AIRSPACES: 1 
CAVITY EMITTANCE: 0.05 

ASPECT RATIO: 0.38 
HEAT FLOW DIRECTION: UP AND DOWN 

STUD SIZE: 2X6 

TEST NUMBER T hot T cold 
""""""L"""" """"""""" """""""I" 

V-13 100 50 
v-14 95 55 
v-15 90 60 
V-16 85 65 
v-17 80 70 
V-18 75 25 
v-19 100 50 
v-20 95 55 
v-21 90 60 
v-22 85 65 
V-23 80 70 
V-24 75 25 

HEAT 
FLOW 

""""""" 
UP 
UP 
UP 
UP 
UP 
UP 

DOWN 
DOWN 
DOWN 
DOWN 
DOWN 
DOWN 

DESCRIPTION 
"""""I""""""""""""""""""""""*"""""""" 
ONE SURFACE BLACK, THE OTHER 
REFLECTIVE, TO SIMULATE SURFACE 
PROPERTIES OF PANELS IN NBS WORK. 
STANDARD STUD CONSTRUCTION WITH 
WOOD FRAME. 

DELTA T AIRSPACE MEAN 
PER AIRSPACE TEMPERATURB 

""""""""l""""""""" """"""I"""""""""""""""""""" 
50 75 
40 75 
30 75 
20 75 
10 75 
50 50 
50 75 
40 75 
30 75 
20 75 
10 75 
50 50 

NOTES: (1) TEMPERATURES ARE GIVEN IN DEGREES FAHRENHEIT. 
(2) T hot AND T cold ARE THE INTERIOR TEMPERATURES OF THE 

SHEATHINGS. 
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TABLE 14 

CONDITIONS FOR VERTICAL HEAT FLOW TEST PANELS 

PANEL NO.: 12B 
NO. OF AIRSPACES: 4 
CAVITY EMITTANCE: 0.03 

ASPECT RATIO: 0.09 
HEAT FLOW DIRECTION: DOWN 

STUD SIZE: 2X6 

N 
U 

TEST NUMBER T hot 
*--m----w-- ---w---e- 

v-25 100 
V-26 95 
v-27 90 
v-28 a5 
v-29 80 
v-30 75 

HEAT 
T cold FLOW 

--------1 "-----m 
50 DOWN 
55 DOWN 
60 DOWN 
65 DOWN 
70 DOWN 
25 DOWN 

DESCRIPTION 
---------------~-----"-------~------- 
COMMERCIAL THREE FOIL PRODUCT 
INSTALLED IN STANDARD STUD 
CONSTRUCTION WITH WOOD FRAME. ALL 
AIRSPACES ARE BOUNDED BY ONE HIGH 
EMITTANCE SURFACE AND ONE REFLECTIVE 
SURFACE. 

.AIRSPACE MEAN 
TEMPERATURE 

DELTA T -------"----~------~------- 
PER AIRSPACE 1 2 3 4 

eeM-ae-M-w--eMwM-- ---mm --w-L1 -c-w- w--w- 
12.5 94 81 69 56 

10 90 80 70 60 
7.5 86 79 71 64 

5 82 78 72 68 
2.5 79 76 74 71 

12.5 69 56 44 31 

NOTES: (1) 
(2) 

TEMPERATURES ARE GIVEN IN DEGREES FAHRENHEIT. 
T hot AND T cold ARE THE INTERIOR TEMPERATURES OF THE 
SHEATHINGS. 



TABLE 15 

CONDITIONS FOR VERTICAL HEAT FLOW TEST PANELS 

PANEL NO.: 12c 
NO. OF AIRSPACES: 1 
CAVITY EMITTANCE: WA 

ASPECT RATIO: WA 
HEAT FLOW DIRECTION: UP 

STUD SIZE: 2X6 

HEAT 
TEST NUMBER T hot T cold FLOW 
---e---1-1" --"---M-- -W.-a.m.-e-- ---w"-" 

v-31 100 50 UP 

DESCRIPTION 
"_--"-"---"---_-----_______________I_ 
CAVITY FILLED WITH MASS INSULATION. 
STANDARD STUD CONSTRUCTION WITH 
WOOD FRAME. 

DELTA T AIRSPACE MEAN 
PER AIRSPACE TEMPERATURE 

-"----a,----"""-""- -"--"_-----"""__-------"-"- 
50 75 

NOTES: (1) TEMPERATURES ARE GIVEN IN DEGREES FAHRENHEIT. 
(2) T hot AND T cold ARE THE INTERIOR TEMPERATURES OF THE 

SHEATHINGS. 
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TABLE 16 

CONDITIONS FOR VERTICAL HEAT FLOW TEST PANELS 

PANEL NO.: 13A 
NO. OF AIRSPACES: 1 
CAVITY EMITTANCE: 0.05 

ASPECT RATIO: 0.38 
HEAT FMW DIRECTION: UP AND DOWN 

STUD SIZE: 2X6 

DESCRIPTION 

TEST NUMBER 
""""""I"""" 

V-32 
v-33 
v-34 
v-35 
V-36 
v-37 
V-38 
v-39 
v-40 
v-41 
V-42 
v-43 

T hot 

100 
95 
90 
85 
80 
75 

100 
95 
90 
85 
80 
75 

T cold 
"""""-""" 

50 
55 
60 
65 
70 
25 
50 
55 
60 
65 
70 
25 

HEAT DELTA T AIRSPACE MEAN 
FUlW PER AIRSPACE TEMPERATURE 

"I""""" """"1""""""""""""" """""c""""""""""""-"""""""" 
UP 50 75 
UP 40 75 
UP 30 75 
UP 20 75 
UP 10 75 
UP 50 50 

DOWN 50 75 
DOWN 40 75 
DOWN 30 75 
DOWN 20 75 
DOWN 10 75 
DOWN 50 50 

““““““““““““““““““““““““““““““““””””- 

ONE SURFACE BLACK, THE OTHER 
REFLECTIVE, TO SIMULATE SURFACE 
PROPERTIES OF PANELS IN NBS WORK. 
FRAME OF EPS TO REDUCE FRAME HEAT 
LOSS CORRECTION. 

NOTES : (1) TEMPERATURES ARE GIVEN IN DEGREES FAHRENHEIT. 
(2) T hot AND T cold ARE THE INTERIOR TEMPERATURES OF THE 

SHEATHINGS. 



TABLE 17 

CONDITIONS FOR VERTICAL HEAT FLOW TEST PANELS 

PANEL NO.: 13B 
NO. OF AIRSPACES: 4 
CAVITY EMITTANCE: 0.03 

ASPECT RATIO: 0.09 
HEAT FLOW DIRECTION: DOWN 

STUD SIZE: 2X6 

HEAT 
TEST NUMBER T hot T cold FIX)W 
"""""""""-" "W""""""" """"""""" """"""" 

v-44 100 
v-45 95 
V-46 90 
v-47 85 
v-48 a0 
v-49 75 

50 DOWN 
55 DOWN 
60 DOWN 
65 DOWN 
70 DOWN 
25 DOWN 

NOTES: (1) 
(2) 

DESCRIPTION 
""""I-"----"""--""""""""""""""""""""" 
COMMERCIAL THREE FOIL PRODUCT 
INSTALLED IN STANDARD STUD 
CONSTRUCTION WITH EPS FRAME. ALL 
AIRSPACES ARE BOUNDED BY ONE HIGH 
EMITTANCE SURFACE AND ONE REFLECTIVE 
SURFACE. 

AIRSPACE MEAN 
TEMPERATURE 

DELTA T """"""""""""""""""""""""""" 
PER AIRSPACE 1 2 3 4 

""""""""""""""""l" """"" """L" """"L Wm.""" 
12.5 94 81 69 56 

10 90 80 70 60 
7.5 86 79 71 64 

5 82 78 72 68 
2.5 79 76 74 71 

12.5 69 56 44 31 

TEMPERATURES ARE GIVEN IN DEGREES FAHRENHEIT. 
T hot AND T cold ARE THE INTERIOR TEMPERATURES OF THE 
SHEATHINGS. 

l 
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TABLE 18 

CONDITIONS FOR VERTICAL HEAT FLOW TEST PANELS 

PANEL NO.: 13c 
NO. OF AIRSPACES: 1 
CAVITY EMITTANCE: N/A 

ASPECT RATIO: WA 
HEAT FLOW DIRECTION: UP 

STUD SIZE: 2X6 

HEAT 
TEST NUMBER T hot T cold FLOW 
""""""""""" """""I)""" """"""""" """"""" 

v-50 100 50 UP 

DESCRIPTION 
""""""""""""""""""""""""""""""""""""" 
CAVITY FILLED WITH MASS INSULATION 
WITH LOW CONDUCTANCE FRAME. 

DELTA T AIRSPACE MEAN 
PER AIRSPACE TEMPERATURE 

""""""""""""""""I" """"""""""""""""""""""""""" 
50 75 

NOTES: (1) TEMPERATURES ARE GIVEN IN DEGREES FAHRENHEIT. 
(2) T hot AND T cold ARE THE INTERIOR TEMPERATURES OF THE 

SHEATHINGS. 



TABLE 19 

PURPOSES FOR THE INCLUSION OF TEST PmLs IN 
THE GUARDED HOT BOX STUDY 

i Panel 1 I #of 
1 No.' 1 Panel Type 1 Tests 1 Reason for Inclusion in Matrix 

I 

I 
I I I I 

I 

I 1A Wall 1 Idealized configurations to simulate 
I 1B Wall 1 NBS Study. / 

; 2A i Wall 

I z: / 
Wall 

i f i 

I 6 
1 A and B series are idealized configur- 1 

Wall 1 ations and C series contain a comer- 1 

! I 
Test series 2 and 3 are I 

Wall / 6 

1 cial product. 
1 identical except for framing materials 1 

I 3A 
1 

1 to avaluate the effacts of frame 
Wall I thermal resistance. 

I 
I 3B 6 

' 3c I 
Wall I 6 

I I 
/ 

! ' 

1 

I 4A Wall 1 1 Same construction as 2A and 3A; mass 
I 
1 

I 48 I Wall 1 I insulation in cavity to verify 

I 
I I 1 subsaquent calculations. 1 

I 1 I I 
1 11A I Floor/Ceiling I 12 I Similar to Panels 1A and 1s. / 

I f I ! 
; y; 1 "'ww;~;'"g i 12 

I 

6 ] Series A panels contain 8 single air- f 

I lZC I 
Floor I 1 I wace, series B panels contain a 

I I 
1 commercial three-foil product, and I 

j yf: 1 Flo;;(;;;;ing I 12 
I series C a mass insulation. Series 12 1 
I and 13 are identical except for 

6 \ 
I 1x2 I Floor I 1 I 

framing material. 
/ 
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s 
insulation material into the cavity such that all the 
airspaces were bounded by parallel surfaces and that there 
was no additional structure added to the cavity. 

i 

Test Panel 1A was analyzed under five different sets of 
cavity temperature conditions. The airspace mean 
temperature for all five experiments was 50F and the 
temperature difference across the airspace was varied from 
10 to 50F in 10F increments. A mean temperature of 50F was 
selected because the Federal Trade Commission Trade 
Regulations["] state that R-Values of single airspaces can 
be calculated utilizing data from the ASHRAE Handbook of 
Fundementals and that these calculations must be performed 
at a mean temperature of 50F. 'Test Panel 1B was also tested 
under five different sets of thermal conditions. For this 
series of experiments, the airspace on the cold side of the 
cavity was maintained at a mean temperature of 50F and the 
mean temperature of the second airspace decreased in 10F 
increments from 100 to 60F as the temperature difference 
across each airspace in the cavity was decreased in 10F 
increments from 50 to 10F. This combination of temperature 
conditions was selected because the thermal conditions 
imposed on the airspace abutting the cold side of the cavity 
would be identical to the conditions imposed on the single 
airspace of Test Panel 1A (T,,,, = 50F, dT = 10, 20, 30, 40, 
and 50F). The airspace on the hot side of the cavity would 
be analyzed at a second mean temperature (T,,,, = 100, 90, 
80, 70, and 60F). Test Panel 11A was analyzed at six 
different airspace mean temperature/temperature difference 
combinations in two heat flow directions (heat flow up and 
down). Five of these combinations were identical to the 
conditions imposed on Test Panel 1A. In addition, a sixth 
set of conditions (T,,,, = 75F, dT = 50F) was included in 
the test matrix to supply data at a different airspace mean 
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temperature. Summaries of the targeted test conditions for 
these test panels are given in Tables 2, 3, and 12. 

4.2 IDEALIZED AND COMMERCIAL PANELS: WOOD STUDS, NUMBER OF 
AIRSPACES, ASPECT RATIO, HORIZONTAL AND VERTICAL HEAT FLOW 

Test Panels 2A, 2B, and 2C were included in the test 
matrix to measure the effect of the number of airspaces in 
the cavity and the aspect ratio of those airspaces on the 
thermal performance of the cavity with horizontal heat flow. 
Test Panels 12A and 12B, identical in construction to Test 
Panels 2A and 2C with the exception of the size of the 
framing member and the effective emittance of the single 
airspace cavity, were included to determine the impact of 
the same parameters on the thermal performance of the cavity 
with vertical heat flow. All five test panels were 
constructed with wood studs to simulate real-life 
construction practices. The horizontal heat flow test 
panels contained 1, 2, and 4 airspaces in the cavity while 
the vertical heat flow test panels contained 1 and 4 
airspaces in the cavity respectively. Test Panels 2A, 2B, 
and 12A contained idealized airspaces while Test Panels 2C 
and 12B were insulated with a commercially available three 
layer (creating four airspaces) reflective insulation 
product which included a flange for mounting purposes. The 
purpose for including of a commercial product in the test 
matrix was to test the impact of nonidealized airpaces and 
the effect of the reflective insulation structure on the 
thermal performance of the cavity. 

Test Panel 2A was analyzed under six different sets of 
cavity mean temperature/temperature difference combinations. 
For the first five conditions, the airspace mean temperature 
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. was maintained at 75F and the 
the airspace was varied from 
The sixth set of conditions 

temperature difference across 
10 to 50F in 10F increments. 
(T,,,, = 50F, dT = 5C)F) was 

L included in the test matrix to supply data at a different 
airspace mean temperature. Test Panel 2B was also analyzed 
under six different sets of thermal conditions. For the 
first five experiments, the airspace on the hot side of the 
cavity was maintained at a mean temperature of 75F and the 
temperature difference across each airspace decreased 
incrementally from 50 to 5F. The cold side airspace mean 
temperature varied from 35 to 70F, supplying a second mean 
temperature with the same temperature differences as the hot 
side airspace. The sixth set of temperature .conditions 
imposed on this test panel yielded a mean temperature of 100 
and 50F for the two airspaces and a temperature difference 
of 50F across Twelve were each airspace. experiments 
performed on Test Panel 12A. The six sets of thermal 
conditions imposed on Test Panel 2A were used for both the 
heat flow up and down directions. Tables 4, 5, and 13 
contain detailed information regarding the . target 
temperature conditions for these three test panels. 

The identical cavity mean temperature/temperature 
differences imposed on Test Panel 2A were used for 
evaluating Test Panels 2C and 12B. In this instance, the 
temperature differences across each individual airspace was 
smaller due to the multiple airspaces in the test cavity; 
the airspace temperature differences ranged from 12.5 to 
2.5F. Tables 6 and 14 summarize these test conditions. 
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4.3 XEPS VERSUS WOOD STUDS 

During the historical development of an ASTM material 
specification for reflective insulation, the issue of test 
configurations has been controversial; one group has favored 
using high thermal resistance studs in the test 
configuration because of the lower overall heat flow 
correction while a second group has championed the use of 
wood studs because of their use in real-life systems. To 
address this issue, Test Panels 3A, 3B, and 3C with 
horizontal heat flow and Test Panels 13A and 13B were 
included in the test matrix. These five test panels (3A, 
3B, 3C, 13A, and 13B) were identical to Test Panels 2A, 2B, 
2c, 12A, and 12B respectively with the exception of the 
framing or stud material used in their construction. The 
Series 2 and 12 test panels used wood studs while the Series 
3 and 13 test panels used XEPS foam studs. One of the 
objectives of this program was to ultimately deduce the 
thermal resistance of the cavity by accounting for the heat 
transfer through the framing members. The proposed 
variation in the material used for the framing members 
yields two significantly different percentages of the total 
heat flow which would be transferred by the framing members 
and test the ability to account for this heat flow. 
Comparisons between the test panels with wood and foam studs 
would quantify the effect of thermal short circuiting 
through the supporting structure and determine whether that 
thermal shunting could be accurately quantified. 

The test conditions for Test Panels 3A, 3B, 3C, 13A, 
and 13B were identical to their counterparts in the Series 2 
and 12 test panels and are summarized in Tables 7, 8, 9, 16, 
and 17 respectively. 
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4.4 TEST PANELS WITH MASS INSULATION 
* 

The proposed ASTM material specification for reflective 
insulation requires that the heat flow correction for 
framing members must be corroborated by performing an 
experiment with the test panel cavities filled with a mass 
insulation of known thermal performance. A representative 
sample of the mass insulation would be tested and the 
calculated thermal resistance of the mass insulation in the 
cavity must agree with its directly measured thermal 
resistance to within 10 percent. To test the stringency of 
this requirement, four test panels, namely 4A, 4B, 12C, and 
13C, were included in the test matrix. Test Panels 4A and 
4B were tested with horizontal heat flow and the remaining 
two panels were analyzed with vertical heat flow (up). The 
horizontal and vertical heat flow test panels were insulated 
with unfaced nominal R-11 (3 l/2 inches) and nominal R-19 (6 
l/4 inches) fiberglass batts respectively. Test Panels 4A 
and 13C were constructed with XEPS foam framing members; the 
other two test panels utilized wood studs for framing 
members. 

The four test panels insulated with fiberglass batts 
were tested at a cavity mean temperature of 75F with a 
cavity temperature difference of 50F. Tables 10, 11, 15, 
and 18 summarize the test conditions for these four test 
panels respectively. 

5. MATERIAL PROPERTIES OF TEST PANEL COMPONENTS 

Sufficient quantities of the building materials 
required to build all of the test panels were acquired at 
the outset of the program to guarantee that all test panels 
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would be fabricated from materials of similar thermophysical 
properties. The construction of the test panels required 
2 x 4 and 2 x 6 wood studs, l/4 inch thick plywood sheet for 
sheathing, 1 l/2 inch thick extruded polystyrene foam (XEPS) 
for the high thermal resistance studs and the convective 
stops, single thickness and three layer reflective 
insulation, R-11 and R-19 fiberglass batts for cavity mass 
insulation for the calculation verification testing, and 
reflective and non-reflective adhesive tapes for the 
attachment of the temperature instrumentation. 

The subsequent calculations used to determine cavity 
thermal resistance require accurate knowledge of the thermal 
resistance and emittance of these materials. Samples of the 
wood and XEPS framing materials, sheathing, and the two 
fiberglass batt materials were randomly selected from the 
stock of materials used to construct the test panels for 
thermal resistance testing. All of the above-listed 
materials were similarly sampled for measuring their surface 
emittance. 

The thermal resistance of all the samples was 
determined in accordance with ASTM C 518-85, Standard Test 
Method for "Steady-State Heat Flux Measurements and Thermal 
Transmission Properties By Means of the Heat Flow Meter 
Apparatus"[121. Samples of the stud materials approximately 
dimensioned 24 inches square in cross-section by 3 l/2 or 
5 l/2 inches thick were prepared by stacking sixteen 1 l/2 
inch wide by 24 inch long by thickness .sections of stud 
material together. This sample preparation technique 
allowed for testing the stud material in the same 

orientation as their use in the test panel. After the two 
wood stud materials were analyzed for thermal performance, 
these samples were altered by installing one 1 l/4 inch long 

. 
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drywall screw per linear foot 
sample in the metering area of 
of the drywall screws was to 

of stud on each side of the 
the apparatus. The inclusion 
simulate the actual building 

construction of the test panels. 

A similar exercise was employed with the XEPS studs and 
the nylon threaded rods. After the completion of the 
initial analyses on these stud materials, the samples were 
modified by installing a nylon rod per 16 linear inches of 
stud (4 total) in the metering area of the heat flow meter 
apparatus. The nylon rods were cut flush with the surface 
of the stud. 

A 24 inch square sample of each fiberglass batt 
insulation material was prepared by sandwiching two 4 3/4 
inch wide by 24 inch long sections of material around a full 
width (14 l/2 inch) by 24 inch long section. These samples 
were analyzed utilizing a large heat flow meter apparatus 
which has been previously described[131 at the cavity 
thickness and, where necessary, at the same density as the 
batts in the metering area of the guarded hot box test 
panel. Due to the nonrepresentativeness of the 3 l/2 inch 
batt selected for materials properties testing, a second 
batt removed from the guarded hot box metering section was 
also analyzed. This second sample more closely approximated 
the density of the material applied to the test panel. A 12 
inch square sample of the sheathing was prepared and tested 
in a small heat flow meter apparatus. This instrument has 
also been previously described[141. 
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6. TEST PANEL COMPONENT THERMAL RESISTANCE TEST PROCEDURE 

Each sample was evaluated in accordance with ASTM 
C 518-85, "Steady-State Heat Flux Measurements and Thermal 
Transmission Properties by,Means of the Heat Flow Meter 
Apparatus". Samples in excess of 2 inches in thickness were 
analyzed utilizing a Holometrix Model R-Matic heat flow 
meter instrument. Samples less than 2 inches thick were 
tested with a Holometrix Model Rapid-k heat flow meter 
instrument. Schematic diagrams of the two instruments are 
shown in Figures 5 and 6. The samples were installed 
horizontally between 24 or 12 inch square aluminum surface 
plates treated to have a total hemispherical emittance of 
0.82 at 75F. The surface plates were smoothly finished to 
conform to a true plane to within 0.25 percent. Above the 
upper (cold) and below the lower (hot) surface plates, 
heaters, heat sinks and insulation were installed. In the 
24 inch heat flow meter instrument, the lower plate and 
heater were in two sections, an,inner 12 inch square central 
section surrounded by a 6 inch wide annular guard section 
with a 0.1 inch wide gap between them. A differential 
thermopile was fitted into this surface plate such that 
alternate junctions were in the central and annular guard 
sections respectively and within 0.25 inches of the gap 
between them. 

The two heat sink assemblies were connected to a 
refrigeration system capable of maintaining -2OF at the heat 
sink. Temperature control of the surface plates was 
accomplished by operating the refrigeration system 
continuously and reheating with the electrical resistance 
heaters. The temperatures of the surface plates were 
controlled and monitored by temperature sensors mounted near 
the heaters and in the surface plates. 
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CROSS-SECTIONAL VIEW OF 24 INCH SQUARE 
HEAT FLOW METER APPARATUS 
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Figure 6. 

SCHEMATIC OF 12 INCH SQUARE HEAT FLOW METER 
THERMAL CONDUCTIVITY INSTRUMENT 
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Between the bottom of the test specimen and the bottom 
surface plate, a heat flux transducer was installed. The 24 
inch square heat flow meter instrument utilizes a heat flux 
transducer that has a sensing area 10 inches square located 
in the center of its 24 inch square overall area. The 12 
inch square heat flow meter instrument has a 4 inch square 
sensing area similarly located in the center of its overall 
area. 

Temperature measurements except for the surface 
temperatures on the 24 inch square heat flow meter 
instrument were performed by utilizing Type T 
Copper/Constantan thermocouples calibrated to the special 
limits of error specified in ASTM E 230-83, "Temperature- 
Electromotive Force (EMF) Tables for Standardized 

All Thermocouplestf[15]. thermocouple sensors were 
fabricated with No. 30 'AWG wire. The surface temperatures 
on the large format heat flow meter instrument were measured 
with platinum resistance temperature detectors. Single 
temperature sensors were used for measuring the hot and cold 
surface plate temperatures in the center of the sensing area 
of the instrument heat flux transducer. All temperature 
sensors were individually connected to a digital millivolt 
meter having a resolution of 21 microvolt. 

- 

The bottom surface plate assembly of the 24 inch square 
and 12 inch square heat flow meter instruments could be 
adjusted to accommodate surface plate separations from 0 to 
8 inches and 0 to 3.5 inches respectively. The opening 
between the surface plates was measured by using linear 
motion potentiometers. The periphery of the test stack was 

lined with 2 inches of an extruded polystyrene foam 
insulation having a thermal resistance of about 10 hr.ft2 
F/Btu at 75F. 
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In operation, the plate separation was adjusted to 
accommodate the test thickness of the specimen being 
evaluated. Typically the thickness of the specimen was 
measured prior to its insertion into the instrument and the 
plates were closed such that the thickness readout 
corresponded to the average test specimen thickness. The 
temperature of the top and bottom surface plates were 
adjusted such that the mean temperature and temperature 
difference test requirements were satisfied. If no 
temperature difference requirements were given, 50F was 
used. To ensure that the temperature of the hot surface 
plate of the 24 inch heat flow meter instrument was uniform, 
the annular guard was controlled automatically by utilizing 
the output of the differential thermopile so that the 
temperatures of the central and annular guard sections were 
similar. 

At equilibrium, established after ensuring that during 
five consecutive observations at intervals of approximately 
1200 seconds the test specimen apparent thermal conductivity 
changed less than 1 percent and not monotonically, the 
temperatures of both hot and cold faces were evaluated from 
the sensors embedded in the plates, and the heat flux 
through the specimen was derived from the heat flux 
transducer output. 

The specimen apparent thermal conductivity 
calculated from 

(SI) (HFTOP)I dX 
k = t 

dT 

was 

(1) 

and the specimen thermal resistance was calculated from 
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. 
R = dx/k, (2) 

where 
5 

k = test specim n 
Btu-in/hr ft f Ft 

apparent thermal conductivity, 

SI = instrumen 
Btu/hr ft f heat flux transducer sensitivity, 

mV; 

HFTOPI = instrument heat flux transducer output, mV: 

dX = test specimen thickness, inches: 

dT = temperature 
and 

difference across test specimen, F; 

R= thermal resistance, hr ft2 F/Btu. 

The instrumentation is calibrated using the National 
Institute of Standards and Technology low density fibrous 
glass Certified Transfer Standards Numbers 2515, 4921, 6541, 
and 6521 and Standard Reference Material SRM 1450b. The 
transfer standards are 1.00 and 6.00 inches thick, and have 
thermal resistances of approximately 3.12 or 18.2 hr ft2 
F/Btu at 75F. The tests were certified on 24 July 1981. 
The overall uncertainty of the thermal resistance of the 
transfer standards is estimated to be 2.25 percent. The 
standard reference material is a high density fiberglass 
board, 1.00 inches thick, and has a thermal resistance of 
approximately 4.20 hr ft2 F/Btu at 75F. The instrumentation 
was calibrated before and after each series of experiments. 
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The reproducibility and the accuracy of these instruments 
are estimated to be 1 and 4 percent respectively at 75F. 

The test results are summarized in Table 20. 

7. EMITTANCE OF TEST PANEL COMPONENTS 

The emittance of the single thickness and each surface 
of the three-foil multilayer reflective insulation materials 
along with samples of the wood and XEPS studs, wood 
sheathing, and foil and duct tapes that were used to attach 
the temperature instrumentation to the various surfaces of 
the test panel were measured using a Devices and Services 
Company Model AE Emissometer. Multiple measurements were 
performed on each material at Tennessee Technological 
University by Dr. David Yarbrough and Mr. Joe Cook [16]. A 
'copy of their test report is given in Appendix B of this 
report. The emittance results of these test panel 
components are presented in Table 21. 

8. TEST PANEL TEMPERATURE INSTRUMENTAT'ICti 

Temperature measurements were performed by utilizing 
Type T Copper/Constantan thermocouples calibrated to the 
special limits of error specified in ASTM E 230-83. All 
thermocouple sensors were fabricated with No.30 AWG wire. 
Up to seventy-four thermocouples were utilized during the 
thermal testing. 

Figures 7 and 8 depict the location of all of the test 
panel metering area surface and air temperature 
instrumentation for the two guarded hot boxes utilized in 
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TABLE 20 

THE APPARENT THERMAL CONDUCTIVITY AND THERMAL RESISTANCE 
OF ELEVEN SPECIMNS OF BUILDING XATERIALS USED TO CONSTRUCT TEST PANELS 

Test Test Mean Apparent Thermal Thermal 
Specimen Nunber Thicknass Density Tasparaturc Conductivity Resistance 

---"-m-I--- --.,-I - -mu___ -s-B-"-- -.,--uI- 

inches b/f t*3 F Btu-in/hr ft^2 F hr ft*2 F/Btu 
__u_- 

1 3.50 

2 5.49 

3 3.50 

4 5.49 

5 3.53 

6 5.52 

7 3.53 

8 5.52 

9 0.24 

10 3.50 
1OA 4.25 
108 IS0 

11 3.50 

12 5.50 

1.95 76.9 0.214 16.35 

1.96 76.9 0.216 25.38 

1.95 76.1 0.218 16.08 

1.96 

27.2 

76.0 0.220 24.99 

76.9 0.754 4.67 

28.1 76.8 0.808 6.83 

27.2 76.3 0.798 4.42 

28.1 76.5 0.842 6.56 

31.4 81.9 0.752 0.32 

0.737 75.1 0.293 11.93 
0.607 7!I;2 0.318 13.36 
e... 0.318 11.00 

0.582 75.5 0.324 10.79 

0.472 75.1 0.325 16.91 

XEPS Stud 

XEPS stud u/ 
Nylon Rod (1) 

wcod stud 

uooci stud w/ 
Drywall Screu (2) 

Sheathing 

Fiberglass 
Batt (3) 

Notes: 1. Test Nurbars 3 and 4 were performad on the sama test maples used for 
Test Nwbers 1 and 2 respactively after installing one l/4 inch diamater 
nylon rod per 16 inches of length of stud in the matering ares of the HFW 

apparatus. 

2. Test Nmbers 7 and 8 uere performad cm the same test sarqles used for 

Test Nunkrs 5 and 6 raspactively after installing one i l/4 inch long 

drywall screu per linear foot of stud in the metering srea of the HFW 

appclratus. 

3. After the completion of the ASTM C 518 exparimant on the 3.50 inch thick 
fiberglass bstt (Test 101, it was discovered thst the density of the HFH 
and GHB samples were significsntly different. The HFM experiment nas 
repeatad after expanding the test sample to match the density of the 
GHB maple (Test lOA). Basad on the apparent thermal conductivity 
maasurad during Test lOA, the thermal resistance of this srurple was 
determined for a thicknass of 3.50 inches and is reported as Test 108. 
In addition, a second sample (Test 11) uas removad from the metering area 
of the GHB test panel and analysad. 
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TABLE 21 

THE EMITTANCE OF NINE SPECIMENS OF BUILDING 
MATERIALS USED TO CONSTRUCT TEST PANELS 

No. of Total No. 
Specimen Samples of Tests Emittance 

w--wB---e-e-- -a-w----- -----"-"m-w -e--w-w-a-- 
\ XEPS Stud 2 WA 0.51 

Wood Stud 2 WA 0.77 

Sheathing 2 WA 0.77 

Single Layer 7 61 0.052 
Foil 

Foil Tape 2 8 0.029 

Duct Tape 1 4 0.70 

Multilayer 3 12 0.027 
Outer Foil 

Multilayer 3 15 0.029 
Inner Foil 

Multilayer 3 15 0.85 
Inner Paper 
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this program. On each side of the test panel, ten 
thermocouples (twenty total) were used for measuring the 
metering area surface temperature. For the horizontal heat 
flow experiments, nine of these sensors were attached to the 
hot surface of the test panel in'an area weighted array 
along the centerline of each of the three metering area 
cavities. For the vertical heat flow experiments, three 
thermocouples were attached to the hot surface of the test 
panel in an area weighted array along the centerline of one 
of the two metering area cavities. The remaining six 
thermocouples were installed in a two by three array along 
lines trisecting the width of the cavity. For all 
experiments, ,the tenth thermocouple was located near the 
center of the metering area directly on top of a stud. The 

x 

cold surface instrumentation was mounted directly opposite 
the hot side thermocouples. All surface thermocouples were 

'thermally grounded by taping at least 4 inches of wire to 
the panel surface. 

An array of six hot side air temperature sensors were 
mounted ,in an equal area array in the metered area on the 
hot side. Four additional air temperature sensors were 
mounted inside the guard box, 6 inches from the centerpoint 
of each side of the metering box. A similar array of ten 
thermocouples were installed to measure the cold side air 
temperature. All air temperature sensors were mounted in 
the middle of the air space between the test panel surfaces 
and baffles, 3 inches from the test panel surfaces. 

In addition to the instrumentation routinely used when 
performing guarded hot box experiments, 34 thermocouples 
were installed to measure the temperature of critical 
locations inside the test panel. A set of thermocouples was 
installed in an area weighted array on each major internal 
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surface (inside each sheathing, on the central foil in a 
two-airspace cavity, and on each foil in four-airspace 
cavity). Depending on the emittance of the instrumented 
surface, the thermocouples were attached and thermally 
grounded to the surface with either aluminum foil or duct 
tape. These sensors directly measured the temperature 
difference across the cavity and each individual airspace 
within the cavity. Five thermocouples were installed in a 
11X1V pattern on one of the central studs to measure the 
temperature of the interfaces between the stud and 
sheathings and therefore the temperature difference across 
the stud. Small grooves were cut into the faces of the 
studs to accomodate these sensors. Thermocouples were also 
installed on each side on the convective breaks and the 
studs forming the boundaries of the metering area to measure 
the temperature difference and therefore the energy exchange 
between the metering area and the surrounding cavities. 

Figures 9 through 13 detail the typical locations of 
the internal temperature sensors installed in the test 
panels. A different distribution of sensors was utilized 
for the different heat flow directions and for test panels 
containing a different number of air spaces within the 
cavity. 

9. TEST PANEL THERMAL RESISTANCE TEST. PROCEDURE 

The test panels were evaluated in accordance with ASTM 
c 236-87, "Steady-State Thermal Performance of Building 
Assemblies by Means of a Guarded Hot Box". A schematic 
diagram of the test facility is shown in Figure 14. Two 
guarded hot boxes were used in the performance of this 
program; all horizontal heat flow experiments were performed 
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------- Metering Area * Inside Surface T/C 

A Stud T/C 0 Metering 80x Perimeter T/C 

FIGURE 9: Sing,le Airspace Horizontal Heat 
Flow Test Panel Internal T/C Layout. 



----- Metering Area 

A Stud T/C 

* Inside Surface T/C 

0 Metering Box Perimeter T/C 

FIGURE 10: Two Airspace Horizontal Heat 
Flow Test Panel. Internal T/C Layout. 



* ‘ 

----- Metering Area * Inside Surface T/C 

A Stud T/C 0 Metering Box Perimeter T/C 

FIGURE 11: Four Airspace Horizontal Heat 
Flow Test Panel Internal T/C Layout. 
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---------- Metering Area * Inside Surface T/C 

A Stud T/C 0 Metering Box Perimeter T/C 

FIGURE 12: Single Airspace Vertical Heat 
Flow Test Panel Internal T/C Layout. 
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FIGURE 13: Four Airspace Vertical Heat 
Flow Test Panel Internal T/C Layout. 

----- Metering Area 

A Stud T/C 

* Inside Surface T/C 

0 Metering Box Perimeter T/C 



GUAflDEDHOTBOXREILllYFOR 
lAflGE-SCtLE THERMAl PERFORM4 CE TESTING 

Figure 14. 

SCHEMATIC OF GUARDED HOT BOX FACILITY 
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in one test facility and all vertical heat flow experiments 
were performed in the second test facility. The horizontal 
heat flow test panels were installed vertically in the 
center of a 96 by 96 by 96 inch insulated chamber. Vertical 
heat flow test panels were installed horizontally in the 
center of a 84 by 84 by 84 inch insulated chamber. The 
periphery of the test panels was insulated with an extruded 
polystyrene foam. The thickness of the peripheral foam 
insulation was equivalent to that of the test panel and 
adjusted the test panel cross-section to match the 
instrument requirements. Insertion of the test wall across 
the center of the chamber created two separate chambers 
whose temperatures could be independently controlled. 

In the cold environmental chamber, a'baffle was mounted 
6 inches from the test panel. Temperature control in this 
chamber was accomplished by the insertion of a refrigeration 
system and an electrical resistance heater in series with an 
air blower. The refrigeration system was operated 
continuously and reheating of the air stream was monitored 
and controlled by temperature sensors in the discharge of 
the air circulation system. The arrangement of the 
equipment was such that the air was forced through the 
refrigerating coils and heater " .^ and through the space between 
the baffle and the test panel. The air velocity parallel to 
the cold surface of the test panel was controlled to 1.0 
ft/sec. 

In the center of the hot chamber a metering box was 
pressed against the test panel. The metering boxes used for 
the horizontal and vertical heat flow experiments were 48.5 
inches square by 24 inches deep and 32.5 inches wide by 48.5 
inches high by 24 inches deep respectively. The walls of 
the metering boxes were constructed of 2 inch thick aged 
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extruded polystyrene foam having an approximate thermal 
resistance of 10 hr ft2 F/Btu at 75F. These walls were 
reinforced with an aluminum frame on the interior and 
exterior surfaces with no physical connections through the 
insulation. 

The edge of the metering box which contacted the test 
panel was tapered to a thickness of 0.75 inches without 
affecting the continuity of the internal surface or metering 
box area and a 0.5 inch square silicone rubber gasket was 
attached to this tapered edge. A baffle was mounted inside 
the metering box 6 inches from the exposed edge of the 
gasket. Behind the baffle, an electrical resistance heater 
and D.C. fan were installed, arranged such that the fan 
circulated the air through the heater and between the baffle 
and test panel. To minimize air impingement on the surfaces 
of the metering box and to provide a smooth transition into 
the baffle space, a perforated curved vane was installed 
near the edge of the baffle downstream from the fan. . 

A thirty-junction (fifteen pair) differential 
thermopile was applied on the interior and exterior walls of 
the metering box to sense the temperature imbalance between 
the metering and guard boxes. Each interior junction was 
mounted opposite a corresponding exterior junction with each 
junction located at the center of equivalent surface areas. 
Two heaters and fans were mounted in the guard box in 
opposing corners to supply heat and to circulate the air. 
The orientation of these units was chosen to prevent the 
heated air from directly impinging upon the metering box. 

Temperature measurements were performed by utilizing 
Type T Copper/Constantan thermocouples. The amount. of 
instrumentation, their location, and the methods of 

c 
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2 
attachment are detailed in Section 8, Test Panel Temperature 
Instrumentation. All temperature sensors were individually 
connected to a digital millivolt meter having a resolution 
of 1 microvolt. 

In operation, the temperature of the cold environmental 
chamber was set at the desired level. A controllable D.C. 

Y 

power supply was utilized to maintain the, required hot 
surface temperature. A separate D.C. power supply was used 
to supply energy to the metering box fan. The air velocity 
in the metering box was controlled by adjustment of this 
energy input. The air velocity for this series of 
experiments.was 0.6 ft/sec. The output of the differential 
thermopile was used to drive the heaters in the guard box by 
utilizing a differential controller. By this technique the 
temperature difference across the walls of the metering box 
could be minimized, thereby permitting negligible heat leaks 
into or out of the metering box. These conditions were 
maintained until temperatures and heat flows equilibrated. 
The heat flow generated by the heater and fan in the 
metering box was measured with precision resistor networks 
which had been previously calibrated with a NIST traceable 
voltage source. Once steady-state was achieved, the test 
period was continued until two consecutive four-hour periods 
produced results that varied nonmonotonically by less than 
one percent. The data for each four-hour period was the 
average of hourly results for the period. 

The thermal resistance was calculated by 

A(tl - $1 . 
R= I (3) 

qH + qF 
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where 

R= thermal resistance, hr ft2 F/Btu; 

A= sample area, 16.34 or 10.95 ft2; 

% = area weighted average hot surface temperature, F; 

= area 
t2 F 

weighted average cold surface temperature, 
: 

qH = metering box heater power, Btu/hr; and 

qF = metering box fan power, Btu/hr. 

To verify the performance of the two guarded hot boxes 
operated at Holometrix, measurements have been undertaken on 
homogeneous test specimens from lots of material that have 
been evaluated by ASTM C 177 guarded hot plate 
instrumentation[171 previously verified utilizing the 
National Institute of Standards and Technology Transfer 
Standards. Results have been found to agree within the 
quoted uncertainty on the standards used. Through 
participation in one round-robin series of measurements on 
polyisocyanurate foam board products, the precision of the 
hot boxes has been shown to be better than 5 percent [18]. 
More recently, through involvement in the ASTM C-16/NBS Hot 
Box Round-Robin, the precision of the hot box used for 
horizontal heat flow testing was shown to be better than 2 
percent when compared to the group mean. This round-robin 
indicated that results with a precision of better than +/- 
seven percent may be achieved.["]. The laboratory is also 
accredited by the Department of Commerce through the 
National Voluntary Laboratory Accredition Program (NVLAP) 
for performing tests in accordance with ASTM C 236. 

The experimental phase of this program lasted 18 
months. During this period, the test panel that 'was 
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evaluated for the ASTM C-16/NBS Hot Box Round-Robin was 
tested five times, twice in the guarded hot box used for 
vertical heat flow testing and three times in the GHB used 
to perform horizontal heat flow experiments. The average 
difference between the round-rob,in group mean and these 
experiments was 0.4 hrft2 F/Btu or 2 l/2 percent. 

JO. HEAT FLOW THROUGH METERING AREA PERIMETa 

Due to the presence of convective loops within the 
airspaces, convective blocks were installed at the perimeter 
of the metering area to prevent any air exchange between the 
metered and guard areas. Sections of 1 l/2 inch thick XEPS 
foam were used along the open portion of the perimeter while 
the .framing members (wood or XEPS) aligned with the 
remaining perimeter of the metered area (see. Figure 4). To 
determine the energy exchange between the metered and guard 
areas on selected test panels, temperature sensors were 
installed on the convective blocks and framing members that 
formed the exterior boundary of the metering area. 

Table 22 details all of the temperature difference 
measurements performed across the XEPS convective blocks and 
wood or XEPS framing members forming the outside perimeter 
of the metering area. A positive temperature difference 
indicates that the metering area is warmer than the guard 
area. 

The energy exchange between the metering and guard 
areas was determined using these temperature difference 
data. The thermal resistances of the XEPS and wood studs in, 
the direction of interest were assumed,tq be 7.5 and 1.9 hr 
ft2 F/Btu. The same numerical value of thermal resistance 
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TABLE 22 

THE TEMPERATURES ACROSS THE CONVECTWE BLOCKS ANO RTERING AREA PERIWETER FRUltNC MEMBERS 

AND THE ASSOCIATED ENERGY EXCNANGES BEWEEN THE METERING A#, W AREAS 

Heterirp Area 
0 Total Tenperr)ure Difference, F 0 Lost. Btu/hr 0 Lost/o Total 

Test stud Test , 
panel Material Ndm Btu/hr Block1 Block 2 Fral tram2 Block Frm Percent 

IA XEPS 

1B XEPS 

2A ww 

2B UOQD. 

2c uooo 

3A XEPS 

H-1 340.7 

n-2 265.0 

n-3 189.0 

n-r 117.3 

H-5 SO.8 

26.8 -26.9 

21.1 -21.7 

15.4 -15.9 

10.0 -10.3 

4.7 .4.6 

62.4 -32.8 

SC.4 .28.1 
41.1 -19.8 
25.9 .12.2 
12.5 -4.8 

23.6 -26.2 

18.S -19.1 
14.1 .14.3 

8.5 .8.4 

4.0 -3.9 

25.4 -26.0 

69.0 .S8.9 

60.3 -51.8 

41.6 -36.5 
25.3 -23.1 

11.0 -10.1 

4.5 -4.1 

3.4 -9.2 0.0 

2.9 -8.7 -0.1 

2.1 -5.8 -0.1 

1.s -4.0 0.0 

0.8 -4.2 0.0 

H-6 426.7 

H-7 356.0 

H-6 244.4 
n-9 143.0 
H.10 60.2 

.-s 

. . . 

..I 

..s 

. . . 

H-11 
H-12 

H-13 

H.14 
H-15 
H-16 

330.9 
2Sl.9 
191.0 
111.7 

s1.s 

333.1 

s.4 -s.2 -0.4 

4.3 -4.1 .O.l 

3.2 -3.2 0.0 

2.0 -2.0 0.0 

1.2 -0.7 0.0 

s.0 -7.2 -0.1 

n-17 416.2 
H-18 3S0.6 
H-19 236.7 
H-20 137.5 

n-21 S6.9 

H-22 23.7 

.a. ..s 1.6 0.4 
. . . ..s 1.3 0.4 
.I- . . . 0.8 0.3 
.s. I._ 0.3 0.3 
ss. . . . 0.1 0.2 
a.- . . . 0.1 0.3 

H-23 lS4.2 38.3 -32.1 s-s -I* 

H-24 116.0 23.2 -24.3 s.. _I. 

H-2S 81.7 16.2 -17.7 -.a ..s 

H-26 15.2 10.2 -11.3 m-s ..- 

H-27 22.7 3.9 .4.3 .se ..a 

H-28 149.6 32.8 -33.6 .I. -.- 

H-29 292.3 22.9 -21.9 5.6 

H-30 230.7 18.8 -17.4 4.8 

H-31 153.7 13.2 -10.9 3.4 

H-32 95.3 8.5 -6.9 2.3 

H-33 49.5 4.9 -3.3 1.6 

H-34 292.8 23.4 -22.4 4.0 

-5.s 

-4.1 

-3.3 
-2.2 

-0.9 

-8.2 

4.7 

4.1 
3.3 
2.2 
1.2 

-0.3 

-0.2 

-0.2 

-0.2 

-0.1 

-0.1 

0.2 

0.2 

0.4 
0.3 
0.3 

0.2 

-0.9 

-0.9 

-0.6 
-0.4 

-0.5 

0.1 
0.1 

0.0 

0.0 
0.3 

-1.4 

0.0 

0.1 

0.0 
0.0 

0.1 

-0.7 

Note: For horizqntal heat flaw l xperifnents, Blocks 1 and 2 are at the to9 and 
bottan of the actering area respectively md Frames 1 ad 2 are at the 

top and bottom of a single framing stesber. See Figures 9 throu& 13. 

-0.3 

-0.4 

-0.3 
-0.4 

-1.0 

1.1 

1.2 

1.4 
1.5 
2.0 

-0.1 

0.0 

0.0 
0.0 
0.6 

-0.4 

-0.2 

-0.1 

-0.3 
-0.3 

-0.3 

-0.1 

0.1 

0.1 

0.2 
0.3 
0.7 

-0.2 
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TABLE 22 (Cant) 
i 

THE TEMPERATURES ACROSS TWE CWVECTIVE BLOCKS A)ID ttElER1YC AREA PERIMETER fRAM!WG WENBERS 

AND THE ASSOClAlED ENERGY EXCHANGES BEtEEN THE ME7ERIWt AND QMRB AREAS 

Metering Arae 

0 Total Tarpcrrturc Dlffcrencc, f 0 lost, Btu/hr 0 Low0 total 
lest stud lest __I_- --urn 

Panel Material Yurber 8Whr Bbckl Block 2 front 1 frama 2 BLock frmne Percent 
----- ---- -- 

Y 

3s XEPS n-35 367.1 52.3 

n-36 299.4 40.1 
n-37 205.6 29.0 

n-38 119.2 18.0 

H-39 50.1 1.3 
H-40 21.1 3.7 

3c XEPS H-41 146.3 36.3 
H-42 109.0 26.6 
H-43 13.2 16.2 
n-44 44.9 11.6 
H-45 20.7 4.8 

H-46 133.4 32.5 

4A XEPS m-47 73.6 

LB WOD H-48 63.6 

11A XEPS v-1u 277.1 
v-2u 217.5 

v-3u 155.9 
V-WI 93.6 
V-SU 43.6 

V-&i 301.4 

V-7D 40.5 
V-80 55.1 

v-40 37.7 

v-m 25.2 

V-1lD 10.3 

v-120 75.9 

12A uom v-w 313.6 
v-14u 239.8 
v-1su 160.4 
v-16U 103.5 
v-17U 32.1 
V-l&J 294.6 

. . . 

. . . 

-1.0 
-0.9 
-0.9 

-0.7 
-0.1 

-2.2 

-0.5 

-0.3 

-0.2 

0.1 

0.1 

-0.8 

-0.3 
-0.9 
-0.1 
0.3 
0.2 

0.2 

.37*4 ..I . . . 2.3 0.6 

.31-2 . . . -.. 1.4 0.5 
-20.9 -.- . . . 1.3 0.6 
.I23 . . . *.. 0.9 0.7 

-4.1 ..- . . . 0.6 1.1 
-1-a . . . . . . 0.3 1,.4 

.tpJ -.. . . . 

-18.8 . . . *.. 

-14.7 .-- .-* 

-8.8 *.- -I* 

-3.1 .-- I.. 

-32.0 . . . . . . 

0.7 
1.1 

0.3 
1.0 

1.3 
0.1 

. . . . . . . . . 

. . . . . . .-* 

3.4 0.2 1.6 

2.7 0.1 1.3 

2.1 0.2 1.1 

1.4 0.1 0.7 

0.8 0.3 0.7 

1.9 -0.3 1.0 
1.4 --I .I. 

1.1 .*I .-. 

0.9 .*. .I. 

0.5 .-- --. 

0.3 -.. .I. 

0.1 .-- -.* 

0.3 

0.2 
0.2 
0.1 

0.2 

0.1 

0.2 
0.2 
0.2 

0.2 
0.5 

0.0 

0.1 

0.2 

0.2 

0.2 

0.5 

-0.1 

-0.4 -1.3 -2.0 

-3.1 -0.4 -2.0 

-2.1 0.6 -1.1 

-1.5 I.0 -0.5 

-1.0 -0.2 -1.4 

-5.6 -0.8 -2.3 

1.0 

1.2 

0.2 
0.4 

0.3 

0.1 

0.3 

0.2 
0.1 

0.1 
0.1 

0.0 

0.1 

0.1 

0.1 

0.1 

0.0 

-0.1 

-0.1 
-0.7 
-0.4 
-0.2 

-0.1 
-0.9 

-3.3 -1.1 
-2.4 -1.3 
-1.2 -1.0 
0.5 0.3 

-1.6 -5.4 
-3.1 -1.4 
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TABLE 22 (Cant) 

THE TEMPERATURES ACROSS TME CONVECTIVE BLOCKS AND METERING AREA PERl#TER FRNIING MEMBERS 
AND THE ASSOCIATED ENERGY EXCHANGES BETUEEN THE METERING AND 6lURO AREAS 

letrrifq Aree 
0 Total Tarpwature Difference, f 0 lost, Btu/hr 0 Lost/O Totrl 

Test stud Test -------- 

PM& Materid Nu&er Btu/hr Block1 Block2 frmne 1 frme 2 Block Frme Percent 
-w-m- --- --- -a---- 

12A WC0 v-m al.9 -1.2 2.1 0.4 -0.1 0.1 0.3 0.5 
v-200 63.7 -0.9 1.7 0.4 -0.1 0.1 0.4 0.1 
V-210 45.5 -0.6 1.4 0.2 -0.1 0.1 0.1 0.6 
v:22D 30.7 -0.3 0.5 0.3 0.1 0.0 0.4 1.4 
V-23D 17.5 0.1 0.4 0.2 0.0 0.1 0.2 1.7 
V-24D 75.0 -1.0 1.4 0.6 -0.3 0.1 0.2 0.4 

120 Ida0 V-25D 

v-26D 

v-210 
v-2BO 

v-299 

v-300 

40.1 0.6 -3.5 . . . -1. 

31.7 0.9 -1.9 . . . . . . 

24.a 1.1 -1.1 .s. I.. 

14.5 0.a -0.2 . . . .*I 

7.4 -0.3 0.0 I.. . . . 

40.3 1.1 -2.5 w.. . . . 

12c uoao v-31u 39.6 . . . . . . .*. .-I 

13A XEPS V-32U 287.7 io.7 -4.1 -0.2 -2.9 -0.8 -0.8 -0.5 
v-33U 218.6 -0.6 -3.0 0.1 -3.0 -0.6 -0.7 -0.6 
v-34u 153.9 -1.0 -2.2 0.a -1.7 -0.5 -0.2 -0.5 
v-3su 94.7 -0.6 -1.4 0.5 -0.1 -0.3 -0.1 -0.4 
V-MU 38.8 -0.2 0.6 0.8 -1.9 0.1 -0.3 -0.s 
V-3N 291.7 et.3 -0.8 -0.3 -4.2 -0.5 -1.1 -0.6 
V-380 R.7 -2.6 -1.1 0.3 -0.1 -0.7 0.0 -0.9 

v-39D 58.4 -0.4 -2.0 -0.1 -0.1 -0.4 0.0 -0-a 
v-400 42.7 0.0 -1.6 0.0 -0.3 -0.3 -0.1 -0-a 
V-410 26.2 0.5 -0.5 0.0 -0.2 0.0 0.0 -0.1 

v-420 13.0 0.4 -0.2 0.1 0.0 0.0 0.0 0.4 

v-430 67.4 -1.2 -1.a 0.6 -0.2 -0.5 0.1 -0.6 

130 XEPS v-440 
v-450 

v-m 

v-cm 
v-4aD 
v-4m 

V-SW 

36.7 
26.8 
19.9 

12.7 
5.9 

31 .a 

13c XEPS 33.4 

2.5 
2.1 

1.9 
1.1 

0.6 
1.7 

I.. 

-1.4 
-1.1 

-0.9 

-0.2 
0.1 

-1.4 

. . . 

.I. 
I.. 

--. 
s.. 

. . . 

..I 

.I. 

-0.5 -1.2 
-0.2 -0.5 
0.0 0.0 
0.1 0.7 
0.0 -0.6 

-0.2 -0.6 

0.2 0.5 
0.2 0.6 
0.2 0.8 
0.1 1.1 
0.1 2.4 
0.0 0.2 

. 
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used for the XEPS stud was assigned to the convective 
blocks. The individual energy exchanges were calculated by 
dividing the product of the temperature difference and 
perimeter cross-sectional area by the thermal resistance of 
the material comprising the perimeter. The net energy 
exchange was determined by summing the heat flows through 
the framing members and convective blocks. A positive 
energy exchange or Q Lost indicates a metering area heat 
loss. 

The metering area energy exchanges in Btu/hr through 
the convective blocks (Q Lost& R through the framing 
members (Q LostF,), and their percentage of the total energy 
input (Q Lost/Q Total) were determined by: 

Q LostBl-= 
t 

i 

Q LostF, = 

Q Lost/Q Total = 

where 

dTBll = 

dTB12 = 

AB1 = 

RB1 = 

dTFrl = 

. 
dTFr2 = 

[(dT,l, + dTBl2)/21 * ABl/RBl ; (4) 

[(dTFrl + dTFr2)/2I * AFr/RFr i and (5) 

1 (Q LostBl + Q LostFr)/Q Total] * 100 (6) 

temperature difference across convective 
block 1, F; 

temperature difference across convective 
block 2, Ft 

total cross-set ional area of the convec- 
tive blocks, ft % ; 

therm31 resistance of the convective block, 
hr ft F/Btu; 

temperature difference across framing mem- 
ber at one location, F; 

temperature difference across'framing mem- 
ber at a second location, F; 
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AFr = total cross-sectional area 
material 

of the framing 
3 on perimeter of the metering 

area, ft ; 

RFr = therm31 resistance of the framing material, 
hr ft F/Btu; and' 

Q Total = the total metering box energy input, Btu/ 
hr. 

For example, Test Number H-11 had temperature 
differences of 23.6 and -26.2F across the two convective 
blocks and 5.4 and -5.2F at two locations across a wood 
framing member. The average temperature differences across 
the convective blocks and the framing members were C23.6 + 
(-26.2)]/2 and (5.4 + (-5.2)]/2 or -1.3F and O.lF 
respectively. The areas of the convective blocks and 
framing members for this experiment were 2.36 ft2 C(48.5 
inches) (2)(3.5 inches)/(l44 inches fto2)J. For this test, 
the energy exchange across the convective blocks was .-0.4 
Btu/hr [(-1.3F) (2.36 ft2)/(7.5 hr ft2 F/Btu)]. Since this 
test panel was constructed with wood framing members, the 
energy exchange across the framing members was 0.1 Btu/hr 
[(O.lF) (2.36 ft2)/(1.9 hr ft2 F/Btu)]. The areas used for 
the convective blocks for the test panels constructed with 2 
X 4 and 2 X 6 framing members and tested with vertical 
flow were 1.58 and 2.48 ft2 respectively. The areas 
for the framing members in conjunction with the same 
panels were 2.36 and 3.71 ft2 respectively. 

heat 
used 
test 

As anticipated, the temperature gradients across the 
framing members and convective blocks were much smaller for 
the vertical heat flow experiments because of the smaller 
temperature gradients along the perimeter of the metering 
area for these experiments. Temperature differences of up 
to 69F (Test Number H-17) were noted across the convective 
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F 
blocks but these differences were a&ways coupled with an 
approximately equivalent temperature difference across the 
opposing block. The largest mismatch between the 

temperature differences across the convective blocks was 
14.8F (Test Number H-6). Temperature differences across the 
framing members were performed at two length-weighted 
locations across a single stud. The largest single 
temperature difference across a framing member was 9.2F 
(Test H-l) and the largest net temperature difference across 
the framing members for a single experiment was 2.9F (Test 
H-l). 

i 

Table 22 lists the calculated energy losses through the 
convective blocks and framing members and expresses those 
losses as a percentage of the total metering area energy 
input. The metering area perimeter energy exchange had its 
largest input on Test V-17U, accounting for 5.4 percent of 
the total metering area energy input. The average metering 
area energy exchange with the guard was less than 0.1 

percent. 

This energy exchange is not included any subsequent 
calculations. ASTM C 236 does not include a protocol for 
accounting for this exchange, and the average effect of this 
exchange is small. . The results of this-section indicate 
that guarded hot boxes can be used to accurately measure 
test panels with large convective heat transfer components 
when convective blocks are utilized because of the symmetry 
of the experiment. 
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11. TEST PANEL RESULTS 

The test panel hot and cold surface temperatures (HS 
and CS),mean temperature and temperature difference (lYmean 
and dT), the measured total energy/input (Qtotal), and the 
test panel surface-to-surface thermal resistance for the 
experiments performed are summarized in the Table 23 and 
graphically represented in Figures 15 through 20. The 
reported temperatures were determined by averaging all the 
temperature sensors on the surface in question. Each 
experiment performed on a test panel was given a two-digit 
test number: the first digit designated the heat flow 
direction (H for horizontal and V for vertical heat flow) 
and the second digit identified the test number (1 to 48 and 
1 to 50 for the horizontal and vertical heat flow 
experiments respectively). A suffix (U or D) was added to 
the vertical heat flow experiments to designate whether the 
experiment was performed with heat flow up (U) or down (D). 

The panel thermal resistance test results gathered at 
the predominant airspace mean temperature were fitted as a 
functionof test panel temperature difference. These curve- 
fit coefficients are listed in Table 24. When comparisons 
between test panels are discussed in the following sections 
of this report, the panel thermal resistance with a 
temperature difference of 30F, Rp(30), calculated based on 
these curve-fit coefficients, is frequently used. Table 24 
also lists Rp(30) values for the test panels. 

To compare these test results to data previously 
gathered by other researchers, it is necessary to adjust the 
results for the sheathing materials used. A composite 
stud/cavity thermal resistance can be computed . by 
subtracting twice the sheathing thermal resistance found in 
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TABLE 23 

THE EXPERIMENTAL CONDITIONS AND THE MEASURED PANEL THERMAL RESISTANCE 
OF SEVENTEEN TEST PANELS CONTAINlNG REfLECTlVE OR MASS IYStJi.ATlb)( MTERRLS~ 

Panel 
Tesperaturc, f 0 Total Therm1 Resistance 

Test stud No. of Airspace Test --- 

Panel Material Airspaces E Nunber HS CS Tmean dT Btu/hr hr fV2 f/Btu 
.."".".Ba~----- ---me .., ,," _I ,, .,_ 

IA XEPS H-l 82.6 18.7 so.7 63.9 340.7 3.06 
H-2 76.3 25.0 50.7 51.3 265.0 3.16 
H-3 69.3 31.5 50.4 37.8 189.0 3.27 
H-4 64.0 38.4 51.2 25.6 117.3 3.57 
H-5 56.6 44.2 50.4 12.4 so.8 3.99 

18 XEPS 

0.05 

0.05 

0.03 

0.03 

0.03 

0.03 

H-6 128.5 17.1 72.a 111.4 426.7 
H-7 121.4 24.3 72.9 97.1 356.0 
H-8 101.9 30.7 66.3 71.2 244.4 
H-9 84.2.' 37.3 60.8 46.9 143.0 
H-10 67.0 43.9 55.5 23.1 60.2 

4.26 
4.46 
4.76 

5.36 
6.27 

2A n-11 107.8 44.1) 76.3 63.0 330.9 
H-12 100.0 50.4 75.2 49.6 251.9 
H-13 94.3 55.5 74.9 38.8 191.0 
H-14 87.4 63.2 75.3 24.2 111.7 
H-15 81.8 69.5 75.7 12.3 51.5 
H-16 83.7 20.3 '52.0 63.4 333.1 

3.11 
3.22 
3.32 
3.54 
3.91 
3.11 

26 

lmD 

H-17 127.5 18.4 73.0 109.1 416.2 
H-18 103.1 9.4 56.3 93.7 350.6 
H-19 95.2 26.1 60.7 69.1 236.7 
H-20 89.1 43.8 66.5 45.3 137.5 
H-21 81.8 59.3 70.6 22.5 56.9 
H-22 79.2 '68.3 73.8 10.9 23.7 

4.28 

4.37 
4.77 

5.38 
6.46 
7.52 

2c H-23 101.4 47.5 74.5 53.9 154.2 
H-24 96.8 54.4 75.6 42.4 116.0 
H-25 92.0 59.8 75.9 32.2 81.7 

H-26 87.4 65.0 76.2 22.4 55.2 
H-27 79.7 69.4 74.6 10.3 22.7 

H-28 80.7 24.6 52.7 56.1 149.6 

5.71 
5.97 
6.44 

6.63 

7.41 

6.13 

3A XEPS H-29 106.9 45.9 76.4 61.0 292.3 3.41 
H-30 102.3 52.5 77.5 50.0 230.7 3.54 
H-31 94.4 58.8 76.6 35.6 153.7 3.78 
H-32 81.7 64.3 76.0 23.4 95.3 4.01 
H-33 82.5 69.1 75.8 13.4 49.5 4.42 
H-34 81.5 20.2 50.9 61.3 292.8 3.42 

Notes: The panel thermal resistance, R, was determined from R = (A)(dT)/(Ototal) uhere 
A is equaL to 16.34 ft^2 for Test Panels 1A through 48 end 10.94 ft*2 for lest 
Panels 1lA through 13C. No framing heat flow corrections are applied to data. 
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TABLE 23 (Cant) 

THE EXPERIMENTAL CONDITIONS AND THE MEASURED PANEL THERMAL RESISTANCE 
OF SEVENTEEN TEST PANELS CONTAINING REFLECTIM OR MASS INSULATION MATERIALS 

Panel 
Teaperature, F Q Total Thermal Resistance 

Test stud No. of Airspace Test -I---- ....-----..- . ..-....----_______ 

Panet Material Airspaces E Nmber HS cs Tmean dT Stu/hr hr ft^Z F/Btu 
P----------d- . . ..----- --------"L-" 

38 XEPS 2 0.03 H-35 
H-36 
H-37 
H-38 
H-39 
H-40 

130.2 18.8 74.5 111.4 367.1 4.96 
103.0 10.4 56.7 92.6 299.4 5.05 
95.8 26.8 61.3 69.0 205.6 5.48 
88.6 43.4 66.0 45.2 119.2 6.19 
al .9 59.3 70.6 22.6 50.1 7.38 
78.7 67.5 73.1 11.2 21.1 8.66 

3c XEPS 4 0.03 H-41 104.5 47.4 76.0 57.1 146.3 6.38 
H-42 99.1 54.6 76.9 44.5 109.0 6.67 
H-43 91.6 59.3 75.5 32.3 73.2 7.20 
N-44 86.9 64.8 75.9 22.1 44.9 8.04 
H-45 al.2 70.2 75.7 11.0 20.7 8.68 
N-46 80.0 23.2 51.6 56.8 133.4 6.95 

4A XEPS N/A N/A H-47 104.2 49.2 76.7 55.0 73.6 12.21 

40 uow N/A N/A H-48 99.8 49.9 74.9 49.9 83.6 9.75 

11A XEPS 1 0.05 v-1u 83.3 15.5 49.4 67.8 277.1 2.68 
V-N 77.8 23.0 50.4 54.7 217.5 2.75 
v-3u 70.7 29.4 50.0 41.3 155.9 2.90 
v-4u 63.0 36.5 49.8 26.4 93.6 3.09 
v-5u 56.8 43.5 50.1 13.3 43.6 3.34 
V-6U 110.2 40.5 75.4 69.7 301.4 2.53 
V-70 74.5 21.0 47.8 53.5 68.5 a.55 
V-80 71.0 26.9 49.0 44.1 55.1 8.77 
V-90 63.5 32.7 48.1 30.8 37.7 8.94 

V-loo 59.4 38.1 48.8 21.3 25.2 9.27 
V-110 53.7 44.3 49.0 9.4 10.3 10.00 

V.-l20 100.7 45.6 73.2 55.1 75.9 7.94 

12A uoco 1 0.05 v-13u 108.1 39.4 73.8 68.7 313.6 2.40 
v-w 101.3 46.1 73.7 55.2 239.8 2.52 
v-15u 92.6 53.8 73.2 38.8 160.4 2.65 
V-MU 87.3 60.2 73.8 27.1 103.5 2.87 

v-m 75.0 64.8 69.9 10.2 32.1 3.48 
v-18U 84.7 16.0 50.4 68.7 294.6 2.55 



i TABLE 23 (Cat) 

THE EXPERIMENTAL CONDtTlONS AND THE MEASURED THERMAL REStSTANCE 

. OF SEVENTEEN TEST PANELS CONlAtNtNO~REFLECTtM OR J!A$~ tNSjJ&AlION MA!ElU?LS ._. ,. 

Panel 
temperature, F Q Total Therm1 Resfstance 

Test stud No. of Airqmce feat -- 

Panel Material Airspaces E Nurber NS cs lmean dT Btu/hr hr ft*2 F/Btu 
w__-_uI_--- ____5-~I_~- 

12A bmo 1 0.05 v-m 100.8 46.0 73.4 54.8 
v-2ao 95.4 51.5 73.5 43.9 
v-21D 89.5 57.3 73.4 32.2 

v-220 85.9 63.6 74.8 22.3 

v-230 80.8 67.5 74.2 13.3 

v-20 76.1 22.1 49.1 54.0 

81.9 
63.7 
45.5 
30.7 
17.5 
75.0 

7.32 
7.54 
7.75 

7.95 
8.32 
.7.88 

128 uow 

12c VoclD N/A N/A v-31u 

13A XEPS 

138 XEPS 

13c XEPS N/A N/A V-50U 101.5 48.8 75.2 52.7 33.4 

4 0.03 V-250 100.5 49.5 75.0 51.0 

v-260 95.8 54.5 75.2 41.3 
v-21D 89.9 58.1 74.0 31.8 
v-280 83.4 64.3 73.9 19.1 

v-29D 79.2 68.9 74.1 10.3 

v-3ao 14.6 23.4 49.1 51.0 

1 0.05 v-32l.l 
v-33u 
v-34u 

v-35u 
v-3& 

V-VU 
V-ND 

v-390 

V-4@ 
V-490 
v-420 

v-430 

4 0.03 v-440 101.6 48.9 75.3 52.7 
V-45D 93.5 53.4 73.5 40.1 

V-460 89.9 59.5 74.7 30.4 

v-47D 85.0 65.4 75.2 19.6 

v48D 78.8 68.3 73.6 10.5 
v-490 73.9 23.5 48.7 50.4 

102.0 50.3 76.2 51.7 

108.0 40.0 74.0 H.0. 
101.0 47.1 74.1 s3.9 
94.0 54.5 74.3 39.5 
87.3 60.9 74.1 26.4 
80.5 68.2 74.4 12.3 
91.8 23.4 57.6 68.4 

100.4 46.6 73.5 53.8 
96.5 51.9 74.2 44.6 
90.0 57.3 73.6 32.9 
86.f 65.0 75.8 21.5 
80.0 68.8 74.4 11.2 
85.7 31.9 58.8 53.8 

40.1 
31.7 
24.8 
14.5 

7.4 

40.3 

39.6 

287.7 
218.6 
153.9 

94.7 
38.8 

291.7 

72.7 

58.4 

42.7 
26.2 
13.0 
67.4 

36.7 

26.8 
19.9 
12.7 

5.9 
31.8 

13.91 

14.27 
14.02 
14.44 

15.15 
13.85 

14.27 

2.59 
2.70 
2.81 

3.05 
3.47 
2.57 

8.10 

8.36 

8.44 
8.99 
9.44 

8.74 

15.72 
16.40 

16.72 
16.92 
19.51 
17.36 

17.27 
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TAEIJ?. 24 

THE FIT COEFFICIENTS USED TO DESCRIBE THE TEST PANEL THERMAL 
RESISTANCE AS A FUNCTION OF TEST PANEL TEMPERATURE DIFFERENCE 

Fit Coefficients . Rp(dT = 30F) 
-----------------"-------------- ---..------w-- 

Test Panel Test Numbers A0 Al A2 hr ftA2 F/Btu 

1A 

1B 

2A 

2B 

2c 

3A 

38 

3c 

11A Up 

11A Down 

12A Up 

12A Down 

12B Down 

13A Up 

13A Down 

13B Down 

H-l To H-5 

H-6 To H-10 

H-11 To H-15 

H-17 To H-22 

H-23 To H-27 

H-29 To H-33 

H-35 To H-40 

H-41 To H-45 

V-1U To V-5U 

V-7D To V-11D 

V-13U To V-17U 

V-19D To V-23D 

V-25D To V-29D 

V-32U To V-36U 

V-38D To V-42D 

V-44D To V-48D 

4.488 -4.51E-02 

7.318 -5.ltE-02 

4.288 -3.58E-02 

8.188 -7.833-02 

8.013 -6.663-02 

4.930 -4.45E-02 

9.427 -9.07E-02 

9.741 -9.873-02 

3.632 -2.413-02 

10.612 -7.528-02 

3.882 -4.51E-02 

8.792 -4.12E-02 

15.812 -8.28E-02 

3.878 -3.793-02 

10.107 -6.523-02 

21.245 -2.28E-01 

3.593-04 3.46 

2.17E-04 5.98 

2.763-04 3.46 

3.95E-04 6.19 

4 -441-04 6.42 

3.253-04 3.89 

4.613-04 7.12 

6.89E-04 7.40 

l-481-04 3.04 

7.053-04 8.99 

3.503-04 2.84 

2.69E-04 7.80 

9.393-04 14.17 

2.82E-04 3.00 

5.333-04 8.63 

2.423-03 16.58 

Notes: 1. R = A0 + Al*dT + A2* dTA2 where: 
R = Test Panel Thermal Resistance, hr ftA2 F/Btu, and 

dT - Test Panel Temperature Difference, F. 

2. Rp(dT = 30F) is the panel thermal resistance calculated 
from the curve-fit coefficients for a temperature difference 
of 30F. 
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Table 20 from the test panel result [(Z) (0.32) = 0.64 hr 

. 

ft2 F/Btu]. A similar exercise employed on other data sets 
will yield results that are comparable. 

The following 
thermal resistance 
of this data base. 

sections present the measured test panel 
results and compares selected subsections 

11.1 PANELS WITH MASS INSULATION - STUD EFFECT 

The impact of the stud material on the thermal 
resistance of the test panels can be measured by comparing 
the results of Test Panels 4A, 4B, 12C and 13C. Test Panels 
4A and 13C,were constructed with XEPS studs while wood studs 
were used in Test Panels 4B and 12C. Test Panels 4A and 4B 
were constructed with 2 'x 4 studs and tested with horizontal 
heat flow. Test Panels 12C and 13C and fabricated with 2 x 
6 studs and evaluated with heat flow up. The cavities of 
these test panels were filled with unfaced nominal .R-11 or 
R-19 fiberglass batts. The same insulation batts were‘used 
in the metering area for the similarly sized test panels. 

A Comparison of Four Test Panels Insulated With Mass 
Insulation 

Panel Stud Cavitv Size RPanel AL dR (%I 

4A XEPS 2X4 12.21 
2.46 25 

4B Wood 2X4 9.75 
12c Wood 2X6 14.27 

3.00 21 
13c XEPS 2X6 17.27 
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The measured panel thermal resistances of Test Panels 
4A and 4B were 12.21 and 9.75 hr ft2 F/ Btu; Test Panels 12C 
and 13C had measured panel thermal resistances of 14.27 and 
17.27 hr ft2 F/ Btu respectively. All four test panels were 
analyzed at the same approximate' test conditions. The 
differences in panel thermal resistance due to the 
substitution of the high thermal resistance XEPS studs for 
wood studs for the 2 x 4 and the 2 x 6 test panels were 
approximately 2.5 and 3.0 hr ft2 F/ Btu or 25 and 21 percent 
respectively. 

11.2 HORIZONTAL HEAT FLOW, XEPS STUDS: NUMBER OF AIRSPACES, 
EMITTANCE. TEMPERATURE DIFFERENCE 

Figure 15 depicts the test panel thermal resistance as 
a function of temperature difference across the test panel 
for all of the test panels containing reflective airspaces, 
constructed with XEPS foam studs, and tested with horizontal 
heat flow. Test results from five test panels, namely lA, 
lB, 3A, 3B, and 3C, are included on this figure and are 
summarized below. 

A Comparison of Five Test Panels Fabricated with XEPS Studs 
Tested With Horizontal Heat Flow 

Number of 
Panel Airsoaces E Ro(30) dR R Ratio 

1A 1 0.05 3.46 
1.73 (lB/lA) 

1B 2 0.05 5.98 
3A 1 0.03 3.89 0.43 (3A-1A) 
3B 2 0.03 7.12 1.14 (3B-18) 

1.83 (3B/lB) 
3c 4 0.03 7.40 
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Figure 15: The test panel thermal resistance as a function 
of test panel temperature difference for five test panels 
constructed with XEPS studs and tested with horizontal heat 
flow. The test panel thermal resistances determined from 
the curve-fit coefficients for a temperature difference of 
30F, Rp(361, are tabulated for comparison. 



The cavities of Test Panels 1A and 3A contained single 
airspaces with effective emittances of 0.05 and 0.03 
respectively. Test Panels 1B and 3B contained two-airspace 
cavities with effective emittances of 0.05 and 0.03 
respectively and Test Panel 3C contained a four-airspace 
cavity with effective emittances of 0.03. 

The Rp(30) values for 1A (1 airspace, XEPS, E = 0.05, 
T mean = 50F) are 0.43 hr. ft2 F/Btu lower than 3A (1 
airspace, XEPS, E = 0.03, Tmean = 75F) while the Rpw 
values for 1B (2 airspaces, XEPS, E = 0.05, Tmean = 56-73F) 
are 1.14 hr ft2 F/Btu lower than 3B (2 airspaces, XEPS, E = 
0.03, Tmean = 57-75F). These differences in R-Value are due 
to the combination of changes in the test panel mean 
temperature and the airspace effective emittance. The 
difference in R-Value in the two-airspace test panels is 2.7 
times the difference noted for the same comparison on single 
airspace systems. This apparently high difference between 
the l- and 2-airspace test panels is due to the fact that 
the temperature difference across the individual airspaces 
comprising the cavity is different (approx. 30F and 15F 
across each airspace in the l- and a-airspace cavities 
respectively). 

In general, the test panel thermal resistance increases 
with the number of airspaces within the cavity. For cavity 
effective emittances of 0.05 and 0.03, the ratio of the 2- 
and l-airspace Rp(30) values are 1.73 and 1.83 respectively. 
An exception to this occurs when comparing the test results 
of the 2- and 4- airspace test panels with a 10F temperature 
difference. The difficulty in performing the 4-airspace 
experiments due to the small metering area energy inputs may 
account for this apparently anomalous result. In addition, 
the four-airspace test panel employed a commercial product 
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? 
to create the airspaces while the two-airspace cavity was 
produced by carefully inserting a central foil. The 
structure of the'four-airspace product may account for its 
apparent loss in performance. 

The thermal resistance of all five test panels decrease 
with increasing test panel temperature difference. A five- 
fold increase in the temperature difference yielded 
decreases of 23, 32, 23, 33, and 26 percent in panel R-Value 
for Test Panels lA, lB, 3A, 3B, and 3C respectively or an 
average decrease of 27 percent for the five test panels. 

The Effect of Temperature Difference on Five Test Panels 
Fabricated With XEPS Studs and'Tested With 

Horizontal Heat Flow 

. 
Panel 

Test 
Number 

1A H-l 

1A H-5 
1B H-6 

1B H-10 
3A H-29 

3A H-33 
38 H-35 

3B H-39 
3c H-41 

3c H-45 

dT 

64 

12 
111 

23 
61 

13 
111 

23 
57 

11 
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Rlmeasl R Ratio 

3.06 
0.77 

3.99 
4.26 

0.68 
6.27 
3.41 

0.77 
4.42 
4.96 

0.67 
7.38 
6.38 

0.74 
8.68 



11.3 HORIZONTAL HEAT FLOW, WOOD STUDS: NUMBER OF AIRSPACES, 
EMITTANCE. TEMPERATURE DIFFERENCE 

Figure 16 depicts the test panel thermal resistance as 
a function of temperature difference across the test panel 
for all of the test panels containing reflective airspaces, 
constructed with wood studs, and tested with horizontal heat 
flow. Results from Test Panels 2A, 2B, and 2C are presented 
on this figure and are summarized below. The cavities of 
these test panels were comprised of 1, 2 and 4 airspaces 
respectively having effective emittances of 0.03. 

A Comparison of Three Test Panels Fabricated with Wood Studs 
and Tested With Horizontal Heat Flow 

Number of 
Panel Airsnaces E Rn(30) R Ratio 

2A 1 0.03 3.46 
2B 2 0.03 6.19 

1.79 2c 4 (2B/2A) 0.03 
6.41 

1.85 (2C/2A) 

Like the XEPS stud test panels previously described, 
the test panel thermal resistance increases with the number 
of airspaces within the cavity. The exception to this 
statement occurs when comparing the test results of the 2- 
and 4-airspace test panels with a 10F temperature 
difference, Test Numbers H-22 and H-27. The R-Values 
measured for these two tests (H-22 and H-27) indicate that 
the performance of the test panel with the 2-airspace 
cavity, R = 7.52 hr ft2 F/ Btu, exceeds the test panel with 
the 4-airspace cavity, R = 7.41 hr ft2 F/ Btu. When 
evaluated with a temperature difference of 30F, the ratio of 
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Figure 16: The test panel thermal resistance as a function 
of test panel temperature difference for three test panels 
constructed with wood studs and tested with horizontal heat 
flow. The test panel thermal resistances determined from 
the curve-fit coefficients for a temperature difference of 
30F, Rp(3'% are tabulated for comparison. 
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the l-airspace to the 2- and 4-airspace R (30) values are P 
1.79 and 1.85. 

The thermal resistance of these test panels decrease 
with increasing test panel temperature difference. A five- 
fold increase in the temperature difference yielded 
decreases of 21, 34, and 23 percent in the test panel R- 
Value for Test Panels 2A, 2B, and 2C respectively or an 
average decrease of 26 percent for the three test panels. 
This reduction in test panel R-Value is similar to the 
reduction noted on similar test panels with XEPS studs. 

The Effect of Temperature Difference on Three Test Panels 
Fabricated With Wood Studs and Tested With' 

Horizontal Heat Flow 

Panel 
Test 

Number dT R(meas) R Ratio 

2A H-11 63 3.11 
0.79 

2A H-15 12 3.91 
2B H-17 109 4.28 

0.66 
2B H-21 23 6.46 
2c H-23 54 5.71 

0.77 
2c H-27 10 7.41 

11.4 VERTICAL HEAT FLOW. ASPECT RATIO. XEPS AND WOOD STUDS 

Figures 17 and 18 depict the test panel thermal 
resistance as a function of test panel temperature 
difference for all of the test panels containing reflective 
airspaces, tested with vertical heat flow, and constructed 
with XEPS and wood studs respectively. Results from Test 

. 
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Figure 17: The test panel thermal resistance as a function 
of test panel temperature difference for three test panels 
constructed yith XEPS styas z@te,qted pith vertical heat 
flow (up and down). The test panel thermal resistances 
determined from the cu,~e-fit.cqefflc~e,~~e: for,%, temperature 
difference of 30F, Rp(30), are tabulated for comparison. 
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Panels llA, 13A, 13B, and 13C are included in Figure 17 
(XEPS studs): Figure 18 contains results from Test Panels 
12A, 12B, and 12C (wood studs). Test Panel 11A was 
constructed with 2 x 4, studs,-y-hi&e a&,&,Wthe remaining panels 
were fabricated with 2 x 6 studs.' The cavities of Test 
Panels llA, 12A, and 13A contained single airspaces with 
effective emittances of 0.05. Test,..Pa,nels 12B and 13B 
contained 4-airspace cavities with effective emittances of 
0.03. All the test panels were evaluated with heat flow 
down and the one-airspace test panels were also analyzed 
with heat flow up. 

The thermal resistance of all vertical heat flow test 
panels decrease with increasing test panel temperature 
difference. An approximate five-fold increase in the 
temperature difference yielded decreases of 20, 31, and 25 
percent in panel R-Values for the heat flow up experiments 
on Test Panels llA, 12A, and 13A respectively or an average 
decrease in panel R-Value of 25 percent. The same change in 
temperature difference generated decreases of 14, 12., 8, 12, 
and 19 percent in panel R-Values for the heat flow down 
experiments on Test Panels ILlA, 12A, 12B, 13A, and 13B 
respectively or an average decrease in panel R-Value of 13 
percent. Note that the data for the heat flow up 
experiments is limited to test panels with one-airspace 
cavities while the heat flow down data includes data-from l- 
and 4-airspace cavity test panels. If only the l-airspace 
cavity test panels (llA, 12A and 13A) are included in the 
heat flow down averaging, the average decrease in Panel R- 
Value for heat flow down is still 13 percent. 
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The Effect of Temperature Difference on Three Test Panels 
Tested With Vertical Heat Flow (Up) 

Panel 
Test 
Number 

11A v-1u 

11A v-5u 
12A v-13u 

12A v-17u 
13A V-32U 

13A V-36U 

dT 'R(meas) R Ratio 

68 2.68 
0.80 

13 3.34 
69 2.40 

0.69 
13 3.48 
68 2.59 

0.75 
12 3.47 

The Effect of Temperature Difference on Five Test Panels 
Tested With Vertical Heat Flow (Down) 

Panel 
Test 
Number dT R(meas) R Ratio 

11A V-7D 

11A V-11D 
12A V-19D 

12A V-23D 
12B V-25D 

12B V-29D 
13A V-38D 

13A V-42D 
13B V-44D 

13B V-48D 

54 8.55 
0.86 

9 10.00 
55 7.32 

0.88 
13 8.32 
51 13.91 

0.92 
10 15.15 
54 8.10 

0.88 
11 9.44 
53 15.72 

0.81 
11 19.51 

The three one-airspace test panels were evaluated with 
the heat flow up and down. The test results are summarized 
bel'ow. The average Rp(30) values for the heat flow up and 
down test results for these test panels were 2.96 and 8.47 
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hr ft2 For the heat F/Btu respectively. flow up 
experiments, the average Rp(30) values for the XEPS and wood 
stud test panels were 3.02 and 2.85 hr ft2 F/Btu 
respectively: the average Rp(30) values for the XEPS and 
wood stud test panels tested with heat flow down were 8.81 
and 7.80 hr ft2 F/Btu respectively. The substitution of 
wood for XEPS studs reduced the 
hr ft2 

Rp(30) values by 0.2 and 1.0 
F/Btu for the l-airspace heat flow up and down 

experiments respectively. 

A Comparison of Three One-Airspace Test Panels Tested With 
Vertical Heat Flow 

Panel 

11A XEPS 
12A Wood 
13A XEPS 

Average 
Average 
Average 

All 
XEPS 
Wood 

11A 
12A 
l'3A 

XEPS 
Wood 
XEPS 

Average 
Average 
Average 

The Rp(30) 
analyzed in 
below. The 
15.4 hr ft2 

Stud Mtl 

All 
XEPS 
Wood 

Heat Flow 
Direction 

UP 3.04 
UP 2.85 
UP 3.00 

UP 2.96 
UP 3.02 
UP 2.85 

Down 8.99 
Down 7.80 
Down 8.63 

Down 8.47 
Down 8.81 
Down 7.80 

Rn(30) 

values for the two 4-airspace test panels 
this program with heat flow down are summarized 

average RP(30) values for .these two panels was- 
F/Btu. The substitution of wood for XEPS .studs 

CI 
reduced the Rp(30) value by 2.4 hr ft& F/Btu for the 4-. 
airspace heat flow down experiment. 
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A Comparison of Two Four-Airspace Test Panels Tested With 
Vertical Heat Flow 

Heat Flow 
Panel Stud Mtl Direction Rn(30) 

12B Wood Down 14.17 
13B XEPS Down 16.58 

Average All Down 15.38 

A comparison of the effect of the number of airspaces 
on the Rp(30) values is summarized below. The four-airspace 
R-Values are less than twice the thermal resistance of the 
comparable one-airspace test results. The ratio of the 4- 
airspace to the l-airspace Rp( ) 30 values are 1.82 and 1.88 
for wood and XEPS studs respectively. 

A Comparison of Four- and One-Airspace Test Panels Tested 
With Vertical Heat Flow (Down) 

Rp(30) Rp(30). 
Stud Mtl 4-Airsnace 1-Airsnace Ratio 

Wood 14.17 7.80 1.82 
XEPS 16.58 8.81 1.88 

A comparison of the results from Test Panels 11A and 
13A are a measure of the effect of aspect ratio on the 
thermal resistance of the test panel. These two test panels 
were identical in construction with the exception of the 
depth of the airspace. The panels were constructed with 2 x 
4 and 2 x 6 studs, yielding aspect ratios of 0.24 and 0.38 
respectively. The Rp(30) values for these test panels are 
summarized below.. Differences of 0.05 and 0.36 hr ft2 F/Btu 
are noted between the heat flow up and down Rp(30) results 
for airspace aspect ratios of 0.24 and 0.38 respectively. 
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The Effect of Aspect Ratio on One-Airspace Test Panels 
Tested With Vertical Heat Flow 

Aspect 
Panel Ratio Rn(30) Un Rnf30) Down Ratio 

11A 0.24 3.04 8.99 0.34 
13A 0.38 2.99 8.63 0.35 

Il.5 SINGLE AIRSPACE SYSTEMS 

Test Panels lA, 2A, 3A, llA, 12A, and 13A were 
constructed as single airspace systems. The differences in 
the constrqction of these six test panels were the framing 
material (XEPS for Test Panels lA, 3A, llA, and 13A, wood 
for Test Panels 2A and 12A), the effective emittance of the 
airspace (0.05 for Test Panel lA, llA, 12A, and 13A, 0.03 
forTest Panels 2A and 3A), heat flow direction, (heat flow 
horizontal for Test Panels lA, 2A, and 3A, heat flow 
vertical up and down for Test Panels llA, 12A, and 13A, and 
cavity depth (3.5, inches for Test Panels lA, 2A, 3A, and 
llA, 5.5 inches for Test Panels 12A and 13A. Testing on 
Test Panel 1A was performed exclusively with an airspace 
mean temperature of approximately 50F. Testing on Test 
Panels 2A, 3A, 12A, and 13A was undertaken predominantly at 
an airspace mean temperature of 75F with single analyses at 
50F in each heat flow direction. Testing on Test Panel llA, 
was undertaken predominantly at an airspace mean temperature 
of 50F with single analyses at 75F in each heat flow 
direction. A comparison of the test results gathered on 

'these panels is summarized below. 
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A Comparison of Six One-Airspace Test Panels 

Panel Stud Mtl E Tmean Rn(30) 

IA 
2A 
3A 

11A 
11A 
12A 
12A 
13A 
13A 

2X4 XEPS 
2X4 Wood 
2X4 XEPS 
2X4 XEPS 
2X4 XEPS 
2X6 Wood 
2X6 Wood 
2X6 XEPS 
2X6 XEPS 

0.05 50 3.46 
0.03 75 3.46 
0.03 75 3.89 
0.05 50 3.04 (Up) 
0.05 50 8.99 (Down) 
0.05 75 2.85 (Up) 
0.05 75 7.80 (Down) 
0.05 75 3.00 (Up) 
0.05 75 8.63 (Down) 

The Rp(30) values for 1A (XEPS, E = 0.05, Tmean = 50F) 
and 2A (Wood, E = 0.03, T,,,, = 75F) are identical. The 
increase in heat transfer due to the low thermal resistance 
wood stud and higher mean temperature of 2A are offset by 
the lower effective emittance of the airspace. A comparison 
of Test Panels 1A (XEPS, E = 0.05, T,,,, = 50F)~ and 3A 
(XEPS, E = 0.03, T,,,, = 75F) demonstrates the effects of 
mean temperature and effective emittance. The difference in 
the Rp(30) values for these two test panels is 0.43 hr ft2 
F/Btu. The increase in the thermal resistance of the test 
panel due to a decrease in effective emittance more than 
compensates for its reduction due to an increase in mean 
temperature. 

11.5.1 SINGLE AIRSPACE SYSTEMS. EFFECT OF MEAN TEMPERP;TURE 

There are eight pairs of data on single-airspace cavity 
test panels ,which measure the effect of mean temperature on 
the panel R-Value. These data pairs, namely Test Numbers H- 
11 and H-16, H-29 and H-34, V-1U and V-6U, V-7D and V-12D, 
V-13U and V-18U, V-19D and V-24D, V-32U and V-37U, and V-38D 
and V-43D, are summarized below. 
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The Effect of Mean Temperature on Five Test Panels 
Containing Single Airspace Cavities 

Test 
Panel Number Tmean dT Rtmeas) 

2A H-11 
H-16 

76 63 3.11 
52 63 3.11 

3A H-29 76 61 3.41 
H-34 50 61‘ 3.42 

11A v-1u 
V-6U 

11A V-7D- 
V-12D 

12A v-13u 74 69 2.40 
V-18U 50 69 2.55 

12A V-19D 73 55 7.32 
V-24D 49 54 7.88 

13A V-32U 74 68 2.59 
v-37u 58 68 2.57 

13A V-38D 74 54 8.10 
V-43D 59 54 8.74 

49 68 2.68 
75 70 2.53 
.- ., - ,. . . ,. " 
4-8 54 8.55 
73 55 7.94 

The average thermal resistances of these tests at mean 
temperatures of approximately 50 and 75F are 4.92 and 4.68 
hr ft2 F/Btu respectively. An average decrease in thermal 
resistance of approximately 0.2 percent per degree F 
increase in mean temperature was measured. A 25F change in 
mean temperature would yield approximately a 5 percent 

.change in test panel thermal resistance. 

i 
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11.5.2 SINGLE AIRSPACE SYSTEMS. EFFECT OF BEAT FLOW 
DIRECTION 

A comparison of Test Panels 1A and 11A provides a good 
measure of the effect of heat flow direction on the test 
panel thermal resistance. The construction of these panels 
was identical and there are five experiments performed on 
each panel at identical temperature conditions. The thermal 
resistance data from these two test panels are depicted as a 
function of test panel temperature difference in Figure 19. 
The Rp(30) values for test panels incorporating a single 
airspace having an effective emittance of 0.05 were 3.46, 
3.04, and 8.99 hr ft2 F/Btu for heat ,flow horizontal, up, 
and down respectively. 

11.6. TWO-AIRSPACE SYSTEMS 

A similar analysis can be performed on the two-airspace 
systems, Test Panels lB, 2B, and 3B. Testing on two- 
airspace test panels was limited to horizontal heat flow 
only. The differences in the construction of these three 
test panels were the framing material (XEPS for Test Panels 
1B and 3B, wood for Test Panel 2B) and the effective 
emittance of the airspace (0.05 for Test Panel lB, 0.03 for 
Test Panels 2B and 3B). Testing on Test Panel 1B was 
performed such that the mean temperature of the airspace on 
the cold side of the cavity was 50F while the hot side 
airspace mean temperature varied from 60 to 100F. Testing 
conditions on the other two panels were designed such that 
the hot side airspace mean temperature was predominantly 75F 
with single analyses at 50F while the cold side airspace 
mean temperature varied from 35 to 70F. Since testing 
conditions on Panel 1B are different than those imposed on 
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Figure 19: The test panel thermal resistance as a function 
of test panel temperature difference and heat flow direction 
for test panels containing a single 3.5 inch deep reflective 
airspace with an effective emittance of 0.05. The test 
panel therinal resistances determined from the curve-fit 
coefficients for a temperature difference of 30F, Rp(30), 
are tabulated for comparison. 
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Panels 2B and 3B, direct comparisons cannot be made. Test 
results on the two-airspace systems are summarized below. 

A Comparison of Three Two-Airspace Test Panels 

Heat Flow 
Panel Stud Mtl E Direction Rn(30) 

1B 2X4 XEPS 0.05 Horizontal 5.98 
2B 2X4 Wood 0.03 Horizontal 6.19 
3B 2X4 XEPS 0.03 Horizontal 7.12 

The Rp(30) values for 1B (XEPS, E = 0.05, Tmean = 56- 
73F) and 2B. (Wood, E = 0.03, Tmean = 56073F) agree to within 
0.21 hr ft2 F/Btu. Similar to the one-airspace systems, the 
increases in heat transfer due to the low thermal resistance 
wood stud of 2B are offset by the lower effective emittance 
of the airspace. 

As stated earlier, the Rp(30) values for 1B (2 
airspaces, XEPS, E = 0.05, T,,,, = 56-73F) are 1.1 hr ft2 
F/Btu lower than 3B (2 airspaces, XEPS, E = 0.03, T,,,, = 
57-75F). The difference in R-Value in the two-airspace test 
panels is almost three times the difference noted for the 
same comparison on single airspace systems. 

11.7. FOUR-AIRSPACE SYSTEMS 

A comparison of the panel thermal resistance test 
results of the four-airspace systems, Test Panels 2C, 3C, 
12B, and 13B indicate a behavior similar to the two-airspace 
systems. The only difference in the construction of these 
panels was the framing material (XEPS for Test Panels 3C and 
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13B, wood for Test Panels 2C and 12B). Test Panels 2C and 
3c were analyzed with horizontal heat flow, and Test Panels 
12B and 13B were tested with vertical heat flow down. The 
panels were all subjected to identical test conditions. The 
results are summarized below. 

A Comparison of Four Four-Airspace Test Panels 

Heat Flow 
Panel Stud Mtl E Direction Rn(30) 

2c 2X4 Wood 0.03 Horizontal 6.41 
3c 2X4 XEPS 0.03 Horizontal 7.40 

12B 2X6 Wood 0.03 Down 14.17 
13B 2X6 XEPS 0.03 Down 16.58 

5 

Results on the four-airspace test panels show an 
increasing panel thermal resistance as the airspace 
temperature difference decreases. 

The Rp(30) value for 3C (XEPS and horizontal heat flow) 
exceed 2C (Wood and horizontal heat flow) by approximately 
1.0 hr ft2 F/Btu. For the vertical heat flow experiments, 
the Rp(30) value of Test Panel 13B (XEPS studs) was greater 
than Test Panel 12B (Wood studs) by approximately 2.4 hr ft2 
F/Btu. 

The Rp(30) value of Panel 2C (four airspaces with wood 
studs and horizontal heat flow) is lower than the Rp(30) 
value of Panel 3B (two airspaces with XEPS studs and 
horizontal heat flow) by 0.7 hr ft2 F/Btu and is 
approximately equal (dRp(30) = 0.2 hr ft2 F/Btu) to Test 
Panel' 2B.(two airspaces with Wood studs and horizontal heat 
flow). 
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11.8. EFFECT OF STUD MATERIAL 

Another measure of the effect of the stud material is 
to compare R-Values of selected test panels that are 
identical in construction and were tested under similar test 
conditions. Figure 20 depicts the test panel R-Values for 
two different one-, two-, and four-airspace cavities as a 
function of test panel temperature difference. The results 
from Test Panels 2A, 2B, 2C, 3A, 3B, and 3C are used for 
this comparison. The decreases in Rp(30) values due to 
substituting wood for XEPS studs were 0.4, 0.9, and 1.0 hr 
ft2 F/Btu respectively. 

The Effect of Stud Material on Six Test Panels Tested With 
Horizontal Heat Flow 

Number of 
Panel Airsnaces Stud E Rn(30) dR (XEPS-Wood) 

2A 1 Wood 0.03 3.46 
2B 2 Wood 0.03 6.19 
2c 4 Wood 0.03 6.41 

3A 1 XEPS 0.03 3.89 0.43 
3B 2 XEPS 0.03 7.12 0.93 
3c 4 XEPS 0.03 7.40 0.99 
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Figure 20: The effect of stud materials on the test panel 
thermal resistance of test panel containing three different 
cavity configurations. The test panel thermal resistances 
determined from the curve-fit coefficients for a temperature 
difference of 30F, Rp(30), are tabulated for comparison. 
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12. DETERMINATION OF THE CAVITY THERMAL RESISTANCE 

The unique nature of reflective insulations require 
that they be analysed as part of a building system. The 
building system typically will contain thermal anomalies 
which will modify the thermal performance of the reflective 
insulation material. Furthermore, it is desirable to 
compare reflective insulation with other types of insulation 
materials on an equivalent basis. To allow for direct 
comparisons between reflective insulation and other 
products, it is necessary to accurately extract the cavity 
thermal resistance from the experimental test panel result. 

Two different one-dimensional calculations were used to 
separate the thermal performance of the cavity from the test 
panel thermal performance: the parallel path method, R(I I), 
and the isothermal planes method, R(ISO)141. The parallel 
path method is identical,to the procedure that is presently 
being recommended for inclusion into the proposed ASTM 
standard specification for reflective insulations. The 
highly instrumented test panels and the thermal performance 
experiments on the building components make it possible to 
perform these calculations. The following equations were 
used to perform these calculations: 

Qtotal = Qstud + Qcavity (7) 

Qstud = dTstud *Astud/Rstud (8) 

R(l I) = (dTcav) *Acav/(Qtotal'%tud) (9) 

R(IS0) = A cav/ (Atotal/(Rpanel'Rsheath) - Astud/Rstud) (10) 
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where 

i 

Qtotal = total metering box energy input; 

Qstud = heat flow through studs calculated with the 

Qcavity = 

dTstud = 

Astud = 

Rstud = 

dT cav = 

A cav = 

Atotal = 

Table 25 includes the results obtained for the cavity 
thermal resistance calculated by these two different methods 

CR (I I) and R (ISO)) I the cavity and stud hot and cold 
surface temperatures (HS and CS) measured on the interior 
side of the sheathing, the cavity and stud mean temperatures 

temperature measurements of the T/Cs in the 
studs and the R-values of the studs measured 
by ASTM C 518: 

the heat flow through the cavity determined 
by correcting the net metering box energy 
input by the stud heat flow; 

temperature difference across the stud as 
measured by T/Cat 

the amount of stud in t 
the panel (1.68 or 1.18 4 e metering area of 

ft for horizontal or 
vertical heat flow experiments respectively): 

the measured R-value of the stud by ASTM 
C 518; 

temperature difference across 
measured by T/Cs 

cavity as 
mounted on the interior of 

the sheathing; 

the amount of cavity in the metering area of 
the panel (14.65 or 9.77 ft2 for horizontal 
or vertical heat flow experiments respective- 
ly) i 

the total mstering area of the panel (16.34 
or 10.95 ft for horizontal or vertical heat 
flow experiments respectively); 

the measured surface-to-surface R-value of 
the panel including the sheathing; and 

the measured R-value of the sheathing by 
ASTM C 518. 
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TABLE 25 

THE INTERNAL TEWPERAIURE CONDITIONS AND TNE CALCULATED THERMAL RESlSTANCE 

OF SEVENTEEN TEST CAVIllES CCUlAfNING REFLECTIVE OR MASS INSULATION MATERIALS 

Cwity R*Vduc, 
Csvlty lqasrsturs., F Stud Tcapersturss, F P Stud hr ft.2 FlRtu 

1*st stud No. of Air8pC. ,**t ------ -1---1----1----- -- - _--__ 

Panel M~teri.1 Airrpwes E N&r KS cs hssn dT NS CP Tlnssn dT Stulhr R (11, R (ISO) 
--------- I------e---I__..---- 

IA XEPS 1 0.05 N-l 7b.a 25.1 50.0 LP.7 77.6 25.1 51.5 52.7 s.43 2.17 2.21 

N-2 70.2 29.9 so.1 40.3 72.5 24.7 48.6 47.6 4.92 2.27 2.30 

H-3 64.8 36.8 49.8 30.0 66.3 31.1 48.7 35.2 3.62 2.37 2.40 

N-4 61.1 40.5 so.8 20.6 61.9 38.2 SO.1 23.7 2.44 2.63 2.67 

H-S 55.0 44.7 49.9 10.3 55.2 43.7 49.5 11.5 I.18 3.0~ 3.07 

IS XEPS 2 0.05 H-6 116.9 24.4 m.7 92.5 127.l 17.4 72.3 109.7 11.30 3.26 3.33 

H.6.Cl 116.9 71.1 94.0 6.8 1.42 1.65 

H-6.C2 71.1 24.4 47.8 46.7 1.65 I.&J 

n-7 1ll.S 30.6 71.1 80.9 120.2 24.6 72.4 95.6 9.64 3.42 331 

N-7%1 111.5 71.s 91.1 40.0 1.69 1.73 

N-7X2 7l.S 30.6 31.1 40.9 I.73 1.77 

S-a 94.5 34.6 64.6 59.9 100.6 30.6 65.6 70.0 7.2l 3.70 3.79 

N.&bCl 94.S 64.9 79.7 29.6 1.8 1.37 

lbs-c2 64.9 34.6 CPA 30.3 l.87 1.92 
H-9 79.6 39.6 59.6 CO.0 a3.2 37.3 60.3 46.0 4.73 L.2i 4.34 

N-9.Cl 79.6 s9.9 69.8 19.7 2.09 2.15 

N-9X2 59.9 39.6 49.8 20.3 2.15 2.21 

N-10 66.8 44.5 54.7 20.3 66.2 43.5 54.9 22.7 2.34 5.14 3.23 

II-10x1 64.11 54.6 59.8 10.0 2.53 2.511 

li*lO*CZ 51.8 44.s 49.7 10.3 2.61 2.65 

2A uca 1 0.03 ii-11 99.6 46.9 74.3 50.7 96.7 49.7 74.2 49.0 17.62 2.37 2.34 

N-12 93.8 13.5 73.7 40.3 92.9 54.1 73.5 36.9 13.97 2.46 2.4s 

N-13 89.0 s7.4 n.2 31.6 88.3 58.3 73.3 30.0 10.80 2.57 2.55 

N-14 84.0 63.9 74.0 20.1 a3.3 64.6 74.0 ta.7 6.72 2.81 2.78 

n-a 79.5 66.9 74.2 10.6 76.9 69.4 74.2 9.5 3.41 3.23 3.16 

n-16 15.2 24.3 50.0 50.4 74.3 25.6 SO.0 46.7 17.51 2.34 2.34 

I !&co 2 0.03 H-17 118.0 25.11 71.9 92.2 115.9 27.1 71.5 Ea.6 31.94 3.52 3.5s 

ii-17.Cl 116.0 m.7 91.4 47.3 1.60 1.82 

lblt-Ct m.7 2s.a 48.3 44.9 1.71 1.73 

H-18 94.6 15.3 55.0 79.3 92.9 16.5 54.7 76.4 27.46 3.60 3.64 

n-la-cl 94.6 s3.9 74.3 40.7 1.85 ,1.87 

N-l&C2 s3.9 IS.3 34.6 38.6 I.75 1.77 

n-19 89.5 30.1 s9.a 59.4 87.9 31.6 59.8 56.3 20.25 4.02 4.07 

Ii-19*Cl 89.5 59.2 74.4 30.3 2.0s 2.06 

II-19.C2 59.2 3O.l 44.7 29.1 i.97 2.00 

n-20 05.7 44.0 65.9 39.7 64.4 47.3 65.9 37.1 13.34 4.69 4.7s 

N-to-Cl 05.7 65.7 75.7 20.0 2.36 2.39 

N-2O-C2 65.7 46.0 55.9 19.7 2.33 2.36 
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THE INTERNAL TUlPERATlJRE CU&DflloYS AND WE CALCULATSS TIISIWIL RESISTANCE 

OF SEVEYTEEN TEST CAVlTIES co)TAIliING REFLECTWE OR MASS lMUlAl1OM lUTERIMS 

Cavity R-Value, 

Csvlty T~ratwI, f ‘Stud Trpraturw, f 0 Std hr ft*t FDtu 

Test stud NO. of AtrSpSC* 1-t 

Panel Material Afrtpacn E N&r lls cs Tmwub dl WI cs Trm Cn ItWhr R (11, R (ISO) 
_I__-m-----------------__I 

28 WOQ 2 0.03 N-21 110.2 59.9 70.1 1.3 

Il.21.Cl 89.2 70.1 75.2 10.1 

II-Pl-ct 70.1 s9.9 65.0 10.2 

N-22 76.2 68.2 73.2 10.0 

N*22.C1 76.2 r3.3 7s.e 4.9 

n-22%2 73.3 66.2 m.8 5.1 

2c ww 4 0.03 n-23 98.5 46.7 n.6 49.1 

n-a-c1 96.S 64.0 91.3 IL.5 

Ii-23-ct 64.0 71.6 n.a 12.4 

W-23-Q 71.6 61.5 66.6 10.1 

H-23-U 61.5 46.7 ss.1 12.8 

II-24 94.4 s5.0 74.7 39.4 

II-24.Cl 94.4 a.3 88.9 11.1 

W-#-C2 a.3 73.0 n.2 10.3 

W-24-Q 73.0 65.0 69.0 a.0 

Ii-244% 8.0 s5.0 60.0 10.0 
n-n 90.0 40.1 7s.; 29.9 

N-M-Cl 90.0 61.5 as.8 a.5 

N-25-U 81.5 73.7 77.6 7.8 

n-25-u 73.7 67.6 m.7 6.1 
II-25c4 67.6 60.1 63.9 7.5 

N-26 as.8 64.8 15.3 21.0 

If-M-Cl OS.6 w.9 82.9 5.9 

N-26-G? 79.9 74.2 77.1 r:r 

N-24-U 74.2 69.9 R.1 4.3 

II-26.c4 69.9 64.0 67.4 5.1 
H-27 n.5 66.8 n.7 9.i 

Ii-27.Cl n-5 Is.8 77.2 2.7 

n-27-U Is.8 r3.1 7b.S 2.7 
N-27-U n.1 11.1 R.1 2.0 

N-27-U 71.1 6a.1 10.0 2.3 

It-20 76.6 26.2 ST.4 so.4 

N-284 76.6 60.8 bm.7 15.8 

n-a-u 60.8 b9.9 55.4 10.9 

N-28-Q b9.9 40.0 45.0 9.9 

H-M-c4 40.0 26.2 11.1 13.8 

3A XEPS 1 0.03 n-29 

H-30 

M-31 

H-32 
n-33 
N-34 

99.6 11.2 7).b 4a.b 

96.6 56.5 76.6 40.1 

90.0 61.2 ?S.b 1.8 

84.7 8.3 lJ.O 39.) 

m.4 69.2 74.8 11.2 

74.6 2s.5 30.1 b9.1 78.3 23.s 

w.2 b9.7 69.9 

77.6 68.7 73.2 

la.1 6.65 

a.9 3.20 

94.a 11.2 73.0 43.6 1S.66 

91.3 

87.4 

63.9 

?7.S 

n.9 

102.6 
9a.9 

91.7 

as.6 
8o.a 

ST.0 74.2 34.3 12.34 

61.7 74.6 2S.7 9.24 

66.0 Is.0 17.9 6.44 

69.4 n-5 8.1 2.91 

28.6 51.3 45.3 16.29 

49.0 
SS.4 
60.6 
4s.l 
69.1 

7s.a S3.b 5.S2 2,47 2.13 

77.2 43.5 4.43 2.W 2.61 
76.1 31.t 3.20 2.60 2.86 

75.3 20.5 2.11 3.05 3.09 

7S.0 11.r t.20 3.40 3.47 

so.9 s4.8 s.6) 2.51 2.54 

5.92 5.99 

2.95 2.9a 

2.96 3.01 

7.15 7.27 

3.50 3.56 

3.6s 3.71 

5.27 s.12 

1.13 1.49 

1.31 i.2a 

1.07 1.04 

1.35 1.32 

s.s7 1.42 

1st 1.53 

1.46 1.42 

1.13 1.10 

1.41 1.M 

6.64 5.96 

1.R 1.69 
I.51 1.5s 

1.23 1.22 

1.52 1.49 

6.31 6.19 

1.77 1.74 

1.71 1.M 

1.29 1.27 

1.53 1.50 

7.18 7.13 

2.00 1.98 

2.09 1.90 

1.w 1.47 

i.m 1.69 
534 5.60 

1.74 1.75 

1.20 1.21 

1.09 1.10 

1 .I2 1.53 
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TABLE 2S Kant) 

THE tNTERNAL TEWERAWRE c;o(DITIORS AR0 IlIE CMWLAlRO THERM&L RESX$lWtt 

OF SEVEWTEER TEST CAVITIES coYlAIY1YO REFLECTWE W UWS IWSULAlIOR KWERIALS 

31 XEPS 2 0.03 n-35 121.2 24.8 73.0 96.4 

Ii-35.Cl 121.2 R.0 96.6 49.2 

II-35-c? 72.0 24.6 46.4 47.2 

n-36 95.2 lS.1 55.2 W.1 

H-%-Cl 95.2 34.5 74.9 40.7 

N.3642 54.5 15.1 34.8 39.4 

n-37 90.4 30.0 60.2 60.4 

n.37.Cl 90.4 59.9 75.2 30.5 

Il.37.c2 59.9 30.0 45.0 29.9 

n-38 65.3 4s.t 65.2 40.2 

II-%-Cl 83.3 65.1 7q.2 20.2 

W-3842 65.1 45.1 55.1 20.0 

n-39 80.1 39.b 69.9 20.5 

II-39.Cl 80.1 b9.8 73.0 10.3 

n-3942 69.1 S9.6 64.7 10.2 

H-40 77.7 67.3 R.5 10.4 

H-SO-Cl n.7 R.5 75.3 5.2 

W-40-G? R.5 b7.3 69.9 5.2 

3c REPS 4 0.03 H-41 100.0 49.3 74.7 50.7 

n.41.Cl 100.0 04.4 92.2 15.6 

w-41422 84.4 n.4 76.9 11.0 

W.41.c3 73.4 65.5 68.5 9.9 

w-41 *c4 63.3 49.5 56.4 14.2 

n-42 95.b 53 .a 75.7 39.8 

n-42.Cl 93.6 83.3 69.6 12.1 

II-42X2 63.S 74.5 79.0 9.0 

H-42%3 74.3 66.6 79.6 7.9 

H-42%4 bb.b 55-a 61.2 10.1 

H-43 89.0 59.8 74.4 29.2 

Ii-43.Cl 69.0 60.2 64.6 8.8 

Ii-43.C2 60.2 73.4 76.6 6.8 

w-43.c3 n.4 67.3 79.5 5.9 

II-43.c4 67.5 59.0 63.7 7.7 

SC XEPS 4 0.03 n-u 64.9 64.7 74.8 20.2 

II-U-Cl 34.9 w.0 82.0 5.9 

n-44-a 79.0 74-t 76.6 4.9 

n-44-a 74-t 69.9 R-0 4.2 

n-u-c4 69.9 64.7 67.3 3.2 

124.3 22.7 

98.0 

92.1 

a.0 

80.1 

n.7 

102.4 

%A 

88.0 

65-t 

13.3 

29.1 

44.7 

39.6 

67.4 

43.1 

54.9 

59.4 

64.6 

101.6 10.46 

84.5 8.R 

63.0 6.49 

41.3 4.25 

20.7 2.13 

10.3 

54.3 

41.9 

29.4 

20.b 

1.06 

5.39 

4.31 

3.03 

2.12 

3.96 3.96 

2.02 2.93 

1.94 1.93 

4.04 4.07 

2.05 2.07 

1.99 2.00 

4.43 4.46 

2.24 2.26 

2.20 2.22 

5.12 S.lb 

2.57 2.39 

2.53 2.37 

6.27 6.31 

3.15 3.17 

3.12 3.14 

7.60 7.36 

3.60 3.79 

3.60 3.79 

5.26 5.34 

1.62 IA4 

1.15 1.16 

1.03 1.04 

I.48 1.30 

3.37 3.62 

1.69 1.71 

1.26 1.27 

1.11 1.12 

1.51 1.52 

6.09 6.14 

1.84 1.85 

1.42 1.43 

1.23 1.24 

l.bl 1.62 

6.92 6.97 

2.02 2.03 

l.ba 1.69 

I.44 1.45 

1.M 1-w 

c 
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TABLE 25 Want) 

THE IYTERRAL TEIIPERATUIK COYDIT~QIS AND THE CALCULATED TIlERHAL RESISTANCE 

OF SEVENTEEN TEST UVlllES CCUTAIYIYO REFLECTIVE OR )uSS IYSULATM MATERIALS 

Cwfty I-Vsluc, 

cwity lapw~tur.8, F Stud 1~r~tw.s. F 0 Stud hr ft*2 F/Otu 

Teat stud No. of AiC,p@C. 1-t 

Pant Ilatwiel Afr~pcn E Yl&w ns cs 1m d-f m CS lawn dl Stu/hr R Cli, R (ISO) 
I---m------I__I--- ------ 

3c XEPS 4 0.03 n-43 W.8 69.6 74.a 10.0 79.9 
II-(S-Cl 29.0 77.0 7a.4 2.a 
Y-45-G? 77.0 74.4 73.7 2.6 
II-43.es 74.4 R.2 73.3 2.2 
II-45.c4 R.2 69.8 71.0 2.4 

Y-46 74.6 25.2 49.9 49.4 77.6 
n-u-Cl 74.6 30.1 66.4 16.5 
II-46-U 5a.1 4a.2 33.2 9.9 
n-46-u 4a.2 39.6 43.9 L.6 
n46a4 39.6 23.2 32.4 14.4 

69.a 74.9 

23.a 30.7 

4A XEPS W/A W/A n-47 101.7 49.7 73.7 52.0 102.0 49.3 73.a 

48 woo WA W/A Il.48 97.9 30.2 74.0 47.6 94.0 32.2 TJ.1 

1lA XRPS I 0.05 v-w 

V-N 

v*3u 

V-W 

VelJ 

V-bU 

V-79 

v-m 

V-90 

V-loo 

V-110 

v-m 

1% vow 1 0.03 v-m 

V-NJ 

v-lsu 

v-w 

V-1N 

v- lau 

V-l% 

V-200 

V-PID 

V-220 

V-230 

v-249 

74.7 25.5 30.1 
71.2 30.6 50.9 
66.1 34.8 30.3 
b&f 39.7 49.9 
33.3 45.0 50.3 

100.3 51.1 73.7 
74.9 24.7 49.0 
70.9 30.0 50.3. 
64.5 35.5 50.0 
60.4 40.1 30.3 
34.0 45.4 30.1 

loo.2 49.3 74.a 

49.2 78.3 
49.6 ma 
31.3 67.5 

29.4 60.7 

10.5 35.7 

49.2 lD1.2 
so.2 R.a 
40.9 69.2 

29.0 63.0 
20.3 59.2 

9.4 5L.2 

50.9 97.a 

14.7 46.3 63.6 4.22 1.76 1.84 

22.6 46.2 51.2 3.39 l.as 1.91 

29.0 46.2 3a.s 2.55 1.99 2.05 

33.9 46.3 24.8 I.64 2.17 2.22 

42.0 48.0 13.7 0.91 2.40 2.44 

3a.a 71.s 65.4 4.34 1.62 1.71 

22.0 47.4 50.a 3.37 7.33 7.35 

27.a 4a.s 41.4 2.75 7.64 7.54 

34.0 48.5 29.0 1.92 '7.92 7.71 

39.1 49.2 20.1 1.33 a.32 a.02 

45.2 49.7 9.0 0.60 9.47 a.73 

49.3 TJ.6 4a.5 3.22 6.1)L 6.73 

99.6 so.2 
94.8 H.2 
a8.a 59.0 
a4.a 64.4 
74.2 63.6 
73.2 23.3 

loo.3 50.1 
93.2 55.3 
a9.3 39.9 
a3.9 63.6 
81.1 68.8 
75.3 26.0 

74.9 
74.5 
74.3 
74.6 
69.9 
so.3 
73.2 
73.3 
74.6 
73.a 
73.0 

49.4 

u1.6 

29.0 

20.4 

a.6 

49.9 

so.2 

39.9 

29.4 

20.3 

12.3 

50.a 49.3 

w.5 43.1 

92.0 WI.7 

M.1 55.7 

62.6 61.7 

73.5 65.5 
73.0 i9.a 

96.3 52.1 

93.1 57.3 

66.6 61.3 

65.4 66.5 

60.9 69.3 

73.3 28.6 

69.11 33.4 13.16 1.61 
70.4 43.3 10.67 1.73 

10.9 30.4 7.49 i.as 

72.2 20.9 5.15 2.03 

69.5 a.0 1.97 2.79 

46.4 33.2 13.11 1.73 

73.2 46.2 11.39 6.95 

73.6 36.3 9.00 7.12 

75.0 27.3 6.73 7.41 

76.0 la.9 4.66 7.61 

75.1 11.6 2.86 b.21 

51.0 44.7 11.02 7.56 

10.1 1.o4 7.46 7.M) 

2.09 2.13 

1.94 f.98 

IA4 1.67 

I.79 1.a2 

53.a 5.34 3.66 5.90 

(.a9 1.97 

1.13 1.10 

0.99 1.03 

I.65 1.R 

52.3 5.40 ti.la 11.19 

4t.a 15.03 10.17 10.22 

1.62 

1.73 

1.86 

2.07 

2.66 

I.77 

6.67 

6.91 

7.14 

7.37 

7.79 

7.29 
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TABLE 25 Wont) 

THE INTERNAL TEMPERAWRE CWDITIQIS AND THE CALCULATED THERUAL REStSlANCE 

OF SEVENTEEN TEST CAVITIES CCUlAtYlYG REFLECTIVR OR lUP.S lNSULAllOU IUTERIALS 

Cavity R*Vslue. 

Cavity 1~r~tw.r. F Stud lcnpcratures, F a stud hr ft^2 FlBtu 

lest stud NO. of Ai rspmx lest m -I__ --*- 

~aml natcrisl Airspace8 E Nut&r II8 CO lmm dl II-3 CS 1mPm dl Btu/hr R (11) R (IS01 
---j,,-,--,------------ - -- a-- 

120 uoa, 4 0.03 V-25D loo.3 51.2 75.6 49.1 

V-250.Cl loo.3 Iu.6 92.0 16.7 

V-25D-C2 83.6 n.5 M.6 10.1 

V-25D-C3 73.5 67.9 70.7 3.6 

V-250.c4 67.9 51.2 39.6 lb.7 
v-260 96.1 56.1 76.1 40.0 

v-26Q-Cl %.I 112.3 69.2 13.1) 

v-zm-cz a2.3 n-9 76.1 a.4 

v-26D-c3 73.9 69.3 71.7 4.4 

V-240.CC 69.5 56.1 62.1) 13.4 

v-270 90.7 59.5 75.1 31.2 

v-27D-Cl 90.7 w.a as.3 10.9 

v-27D.c2 79-a 73.3 76.6 6.5 

v-27D-c3 n.3 69.1 71.6 3.3 

v-2mc4 69.1 59.5 64.7 10.3 

v-2- a4.2 65.3 74.a 16.9 

v-26D-c1 a4.2 77.3 M.9 6.7 

v-2Rwc2 77.5 TJ.5 73.5 4.0 

v-22wc3 73.3 71.3 R.4 2.2 

V-2IB-CC 71.3 63.3 68.3 6.0 

V-2% w.9 10.1 75.0 9.a 

v-m-c1 79.9 76.4 7a.2 3.3 

v-2%-G? 76.4 74.3 7S.4 2.1 

v-29D-c3 74.3 73.1 73.7 1.2 

V-2%-24 73.1 70.1 71.6 3.0 

v-300 76.2 23.a 31.0 so.4 

v-3cwCl 76.2 S8.6 67.4 17.6 

V-3OD-C2 51.6 46.4 53.5 10.2 

V-MD-U 4a.4 42.7 45.6 3.7 

v-3GD*c4 42.7 2s.a 34.3 lb.9 

12c Kxx) N/A N/A v-31u 101.2 31.2 76.2 49.9 w.l 52.9 76.0 4b.3 11.40 17.27 15.40 

13A XEPS 1 0.05 v-32u 99.7 

V-33U 94.7 

V-34U 90.0 

V-35u a4.8 

v-3&J 79.9 

V-37u 63.9 

97.1 32.3 75.2 45.3 

94.1 57.1 75.6 37.0 

89.0 60.3 74.7 28.7 

63.2 65.9 74.6 1t.3 

79.3 70.2 74.8 9.1 

75.5 27.1 sb.3 46.4 

11.17 16.56 14.88 

5.63 5.06 

3.41 3.06 

1.69 1.m 

5.63 5.06 
9.12 17.32 15.39 

5.97 5.31 

3.64 3.23 

1.90 1.69 

5.80 5.16 
7.07 17.17 15.04 

6.00 5.26 

3.58 3.13 

1.93 1.69 

5.67 4.97 

4.26 la.07 15.63 
6.41 5.54 

3.22 3.31 

2.10 1.82 

5.74 4.96 

2.24 la.42 (6.67 

6.511 5.95 

3.95 3.57 

2.26 2.04 

5.b4 5.10 

11.44 17.04 14.19 

5.95 5.17 

3.45 2.99 

1.93 1.67 

5.71 4.96 

49.9 74.a 49.0 103.1 3a.4 m.a 64.7 4.29 1.R 1.76 
54.6 74.a 39.9 97.1 46.1 71.6 51.0 3.38 1.81 1.86 

59.9 73.0 M.1 91.2 53.9 R.6 37.3 2.47 1.94 1.96 

64.6 74.7 20.2 as.4 60.7 n.1 24.7 1.64 2.12 2.19 

7G.0 73.0 9.9 79.7 67.1 R.4 12.6 0.64 2.55 2.57 

34.2 59.1 49.7 17.6 21.1 54.4 bb.5 4.41 1.69 1.74 
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TASLE 23 VZcmt) 

TXE INTERRAt. TEMPERAWE wyOtltORS Uo THE CRLCULATED TYERIUL RESlSlRRCR 

OF SEVENTEEN TEST CAVITIES CCWAININD REfLECltVS OR MASS tRSULAltOS WATERIALS 

Cavity R-V&m, 

Cmvity l~r*turu, f Stud l~r*turos, F a Stud hr ft"2 FlBtu 

1-t stud NO. of Alrspmce 1-t .- -- 

Panel INtsriaL Airspam E nulrr WI es llm df ns es ll*r) dl Stulhr R <IIt R <ISOt 
_-_---_---_II----------- 

13A XEPS 1 

138 XEPS 4 

13c XEPS W/A It/A V~SOll io0.a 31.0 75.9 49.1 101.4 

0.05 v-3m lD0.7 50.6 Is.7 50.1 w.7 il.5 73.1 51.2 3.40 7.06 6.90 
v.3w 96.3 53.0 7s.a 41.5 94.6 52.3 Xl.6 42.1 2.w 7.29 7.15 
v-40D 90.3 59.5. 74.9 30.a 66.9 57.7 73.3 31.2 2.07 7.41 7.23 
V-410 ab.a 66.7 76.a 20.1 aS.6 63.6 7S.b 20.0 1.33 7.90 7.75 
v-42D 60.7 69.9 75.3 i0.a 19.9 69.3 74.b 10.6 0.70 a.59 a.19 
V-43D 85.1 33.7 60.7 49.9 1.4 32.4 57.9 51.0 3.38 7.62 7.32 

0.03 v-UD 101.5 50.a 76.2 30.7 102.0 
v-UD-Cl 101.5 84.6 93.1 16.9 
v44D-C2 84.6 74.2 w.4 10.4 

V44D*Q 74.2 66.9 70.6 7.3 

v-4&-CA 66.9 50.0 58.9 lb.1 
v-is0 93.7 55.0 74.4 38.7 pL.0 

v.SSD-Cl 95.7 69.3 a7.1 13.2 

v-4%.IT2 00.5 R.6 76.6 7.9 

v-4%.c3 R.6 67.1 w.9 5.5 

V-4SD-C4 67.1 53.0 61.1 12.1 

v-(60 90.5 60.6 73.6 29.9 w.7 

V4bD.Cl w.3 0.2 w.4 10.3 

v-4bo.u m.2 74.1 77.2 6.1 
v-4bD-P 74.1 69.9 R.0 4.2 

v-4bD-c4 69.9 60.6 8.3 9.3 

v-470 u.0 66.3 76.2 19.7 M.2 

v-IID-c1 ab.0 w.1 a2.6 6.9 
v-47D.c2 w.l 73.1 77.1 4.0 

v470.a 75.1 72.4 73.a 2.7 

v-47D-c4 R.4 b6.3 69.4 6.1 
v-L(I) 79.7 68.9 74.3 1o.a w.9 

V:4mCl w.7 73.9 77.a 3.a 

v4D4 73.9 n.a 74.9 2.1 

V-MD-c3 n.a 72.3 n.1 1.3 

vdms4 R.3 68.9 70.6 3.4 

V-4w 74.3 25.7 30.0 48.6 74.6 

V-4w-Cl 74.3 17.7 bb.0 16.6 
v-4w-c2 37.7 48.0 52.9 9.7 

v-4w.u 4a.o 41.2 44.6 6.a 
V-490-U 41.2 23.7 33.3 15.5 

50.7 76.4 51.3 3.40 

34.9 74.3 39.1 2.59 

b0.a 75.8 29.9 1.w 

b&r 

69.4 

23.4 

50.0 

76.3 19.3 I.29 

74.7 

30.0 

7x7 

10.5 

tc.a7 14.41 
4.w 4.80 
3.05 2.96 

2.14 2.07 

4.R 4.57 
13.63 15.10 

3.33 5.15 

3.19 3.M 

2.22 2.15 

4.89 4.R 
lb.30 13.43 

5.62 5.32 
3.53 3.15 
2.29 2.17 
5.07 4.80 

16.W 15.U 

5.92 5.u 

3.43 3.l7 

2.32 2.14 

3.23 4.84 

20.31 18.33, 

7.15 6.45 

3.93 3.56 

2.02 2.55 

6.39 5.7? 
16.65 lb.09 

5.b9 5.50 

3.32 3.21 

2.33 2.23 

3.31 5.13 

0.7D 

49.2 3.2b 

31.5 3.41 le.22 16.00 
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and temperature differences (Tm,,, and dT), as well as the 
calculated heat flux through the stud (Qstud). The cavity 
thermal resistance is graphically represented as a function 
of cavity temperature difference in Figures 21 through 24 
and test results gathered at the 'predominant cavity mean 
temperature were fitted as a function of cavity temperature 
difference. The curve-fit coefficients determined for the 
cavity thermal resistance by the R(I I) and R(IS0) methods 
are presented in Tables 26 and 27 respectively. 

When there was more than a single airspace forming the 
cavity, the thermal resistance of each individual airspace 
was determined and summed. The temperature sensors 
installed in the test panels allowed for the direct 
measurement of the temperature difference across each 
airspace. The individual airspace thermal resistance 
results are also presented in Table 25. A suffix was added 
to the test number to indicate that the result was for an 
airspace instead of the entire cavity. The suffix "Cl" was 
used to identify the first cavity when the test panel is 
viewed from the hot side. The remaining cavities were 
sequentially numbered. 

12.1 CAVITIES FILLED WITH MASS INSULATION 

The proposed ASTM Standard Specification requires that 
the heat flow correction for the framing members must be 
corroborated by performing an experiment with the test panel 
cavities filled with a mass insulation. A representative 
sample of the mass insulation would be tested using 
traditional test methods (ASTM C 518 or C 177) and the 
predicted thermal resistance of the mass insulation must 
agree with its directly measured thermal resistance to 
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THE FIT COEFFICIENTS USED TO 
DETERMINED BY THE R(I I) METHOD AS 

TABLE 26 

DESCRIBE THE CAVITY THERMAL RESISTANCE 
A FURCTICN OF CAVITY TEMPERATURE DIFFEREXE 

Fit Coefficients Rc(dT - 3OF) 
-----------------------------I-- ------------- 

Test Panel Test Numbers A0 Al A2 hr ft^2 F/Btu 
-----m--------- ---we---------- ---------T ---"-m-e-- ---------e --f-...'--J...s'- 

H-l To H-5 3.540 -5.52E-02 5.643-04 2.39 1A 

1B 

2A 

2B 

2c 

3A 

3B 

3c 

11A Up 

11A Down 

12A Up 

12A Down 

128 Down 

13A Up 

13A Down 

13B Down 

H-6 To H-10 6.247 

H-11 To H-15 3.705 

H-17 To H-22 8.020 

H-23 To H-27 7.903 

H-29 To H-33 3.907 

H-35 To H-40 8.428 

H-41 To B-45 8.435 

V-1U To V-5U 2.670 

V-7D To V-115 10.573 

V-13U To V-17U 3.363 

V-19D To V-23D 8.994 

V-25D To V-29D 18.913 

V-32U To V-36U 2.978 

V-38D To V-42D 9.473 

V-44D To V-48D 23.337 

-6.22E-02 

-5.273-02 

-l.O8E-01 

-8.41E-02 

-5.183-02 

-l.O6E-01 

-9.723-02 

-2.81E-02 

-1.37E-01 

-7.9OE-02 

-7.743-02 

-5.04E-02 

-J.O4E-02 

-9.52E-02 

-3.60E-01 

3.283-04 4.68 

5.293-04 2.60 

6.493-04 5.31 

6.32E-04 5.95 

4.62E-04 2.77 

6.23E-04 5.82 

6.743-04 6.13 

1.951-04 2.00 

1.543-03 7.85 

9.02E-04 1.80 

7.40E-04 7.34 

8.993-05 17.48 

5.12E-04 1.93 

9.613-04 7.48 

3.893-03 16.03 

Notes: 1. R = A0 + Al*dT + AZ* dTn2 where: 
R - Cavity Thermal Resistance, hr ft^2 F/Btu, and 

dT = Cavity Temperature Difference, F. 

2. Rc(dT = 30F) is the cavity thermal resistance calculated 
from the curve-fit coefficients for a temperature difference 
of 30F. 
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TABLE 27 

THE FIT COEFFICIENTS USED TO DESCRIBE THE CAVITY THERMAL RESISTANCE 
DETERMINED BY THE R(IS0) METHOD AS A FUNCTION OF CAVXTY TEMPERATURE DIFFERENCE 

Fit Coef f,icients Rc(dT = 30F) -------------------------------- ------------- 
Test Panel Test Numbers A0 Al A2 hr ftA2 F/Btu -"----..a------- --------------w a-------"- -----"---- ----M--w-- -------m----w 

1A 

1B 

2A 

2B 

2c 

3A 

3B 

3c 

11A Up 

11A Down 

12A Up 

12A Down 

12B Down 

13A Up 

13A Down 

13B Down 

H-l To H-5 

H-6 To H-10 

H-11 To H-15 

H-17 To H-22 

H-23 To H-27 

H-29 To H-33 

H-35 To H-40 

H-41 To H-45 

V-1U To V-5U 

V-70 To V-11D 

V-13U To V-17U 

V-19D To V-23D 

V-25D To V-29D 

V-32U To V-36U 

V-38D To V-42D 

V-44D To V-.48D 

3.576 

6.316 

3.593 

8.147 

7.881 

3.973 

8.406 

8.653 

2.707 

9.379 

3.138 

8.351 

17.620 

2.991 

8.864 

20.383 

-5.553-02 

-6.06E-02 

-4.773-02 

-l.lOE-01 

-8.793-02 

-5.21E-02 

-l.O3E-01 

-l.O7E-01 

-2.77E-02 

-8.02E-02 

-6.4OE-02 

-5.343-02 

-1.23E-01 

-4.848-02 

-6.91E-02 

-2.563-01 

5.70E-04 2.42 

3.11E-04 4.78 

4.593-04 2.58 

6.613-04 5.44 

6.57E-04 5.83 

4.653-04 2.83 

6.04E-04 5.85 

8.143-04 6.17 

2.04E-04 2.06 

8.04E-04 7.70 

6.863-04 1.84 

4.051-04 7.11 

1.44E-03 15.23 

4.82E-04 1.97 

6.12E-04 7.34 

2.813-03 15.23 

Notes: 1. R - A0 + Al*dT + A2+ dT"2 where: 
R - Cavity Thermal Resistance, hr ft*2 F/Btu, and 

dT = Cavity Temperature Difference, F. 

2. Rc(dT - 30F) is the Cavity thermal resistance calculated 
from the curve-fit coefficients for a temperature difference 
of 30F. 
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i 

within 10 percent. To check the stringency of this 
requirement, two test panels (4A and 4B) were insulated with 
unfaced R-11 fiberglass batts and tested with horizontal 
heat flow. The same insulation batts were used in the 
metering area for both test panels; The average density of 
these batts was 0.61 lbs/ft'. To determine the cavity 
thermal resistance, the fiberglass batt which had been 
originally tested at a thickness of 3.5 inches and a density 
of 0.74 lbs/ft3 was expanded to obtain the same density as 
the product in the metering area. The thermal resistance 
from retesting the fiberglass blanket at the same density as 
the metering area material was used, after correcting for 
the difference in thickness, as the predicted cavity thermal 
resistance (See Table 20). 

A similar exercise was performed using Test Panels 12C 
and 13C. These two panels were insulated with unfaced R-19 
fiberglass batts and analysed with vertical heat flow up. 
The average density of the metering area batts was 0.51 
lbs/ft3 and was similar to the test sample measured by ASTM 
C 518 (0.47 lbs/ft3). These results are summarized below. 

A Comparison of the Measured and Calculated Thermal 
Resistance of Four Cavities Filled with Mass Insulation 

Measured R 
Panel bv C 518 

4A 11.00 
4B 11.00 

12c 16.91 
13c 16.91 

Average 13.81 15.81 

4B(*) 11.00 10.31 10.38 -6.2 -5.6 
12c(*) 16.91 17.56 15.56 3.8 -8.0 

Calculated RtC2361 r(C236-C518)/C5181*100 
R(II'I RfISO) R(II) RfISOl 
11.18 11.19 1.6 1.7 
10.17 10.22 -7.5 -7.1 
17.27 15.40 2.1 -8.9 
16.22 16.00 -4.1 -5.4 

Note: Calculated R-Values on test panels designated with a 
(*) use a stud R-Value based on tests including drywall 
screws. 
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The cavity thermal resistance derived from all four 
guarded hot box experiments by both calculation procedures 
are within +/- 9 percent of the thermal resistance values 
measured by ASTM C 518, satisfying the +/- 10 percent 
tolerance proposed in the ASTM standard specification. 

The averages of the absolute value of percentage 
differences between the measured and calculated cavity R- 
Values for R(I I) and R(IS0) are 3.8 and 5.8 percent 
respectively. Although the R(I I) technique shows better 
agreement than R(ISO), the difference between the two 
techniques is not as conclusive as initially anticipated. 

Test Panels 4A and 13C were constructed with XEPS studs 
while Test Panels 4B and 12C utilized wood studs. The 
averages of the percentage differences between the measured 
and calculated cavity R-Values (in absolute terms) for XEPS 
and wood studs were 2.8 and 4.8 percent respectively for 
R(I I) and 3.6 and 8.0 percent respectively for R(IS0). For 
either calculation method, the agreement for test panels 
constructed with XEPS studs was better than test panels 
constructed with wood studs. 

If the thermal resistance values of the wood studs used 
in the calculations were replaced with the wood stud/drywall 
screw results (see Table 20 and Section 5, Material 
Properties of Test Panel Components), the cavity thermal 
resistance would have increased, improving the agreement 
between the measured and calculated R-Values for the cavity 
by approximately 0.5 percent. 
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12.2 HORIZONTAL HEAT FLOW. XEPS STUDS t 

i 
Figure 21 depicts the cavity thermal resistance as a 

function of cavity temperature difference for all of the 
experiments on test panels containing reflective airspaces, 
tested with horizontal heat flow, and constructed with XEPS 
studs. Test results from 5 test panels, namely lA, lB, 3A 
3B, and 3C are included on this figure.-- Details regarding 
the differences of all these test panels are included in the 
Test .Panel Results section of this report. The cavity 
thermal resistance data presented on this figure and 
subsequent figures in this section were calculated by the 
parallel path method, R(1 I). 

A Comparison of the Cavity Thermal Resistance of Five Test 
Y Panels Fabricated with XEPS Studs and Tested with Horizontal 

Heat Flow 

Number of 
ganel Airsoaces E - RcISOt301 

1A 1 0.05 2.39 2.42 
1B 2 0.05 4.68 4.78 
3A 1 0.03 2.77 2.83 
3B 2 0.03 5.82 5.85 
3c 4 0.03 6.13 6.17 

Average 4.36 4.41 

The average cavity thermal resistance for test cavities 
in test panels constructed with XEPS studs and tested with 
horizontal heat flow calculated by the parallel path R(I I) 
and isothermal planes R(IS0) methods are 4.36 and 4.41 hr 

- ft2 F/Btu respectively. The two calculation procedures 
agree to within 0.05 hr ft2 F/Btu with R(IS0) always 

* .predicting a slightly higher R-Value. 
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Figure 21: The measured cavity thermal resistance of five 
cavities as a function of cavity temperature difference 
determined by the R(I I) method from experiments on test 
panels with XEPS framing members and tested with horizontal 
heat flow. The cavity thermal resistances determined from 
the curve-fit coefficients for a temperature difference of 
30F, Rcl ,(30), are tabulated for comparison. 
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The Rc, ((30) values range from 2.4 to 6.1 hr ft2 F/Btu. 
For cavities. having an effective emittance of 0.05, the 2- 
airspace cavity is 1.96 times the l-airspace Rcl ,(30) value. 
For cavities having an effective emittance of 0.03, the 2- 
and 4-airspace cavities are 2.1 and' 2.2 times the l-airspace 
Rcl ,(30) value. 

Decreasing the effective emittance from 0.05 to 0.03 
increases the Rcl 1 (30) values for the l- and 2- airspace 
cavities by 0.4 and 1.1 hr ft2 F/Btu respectively. As with 

the test panel test results, this apparent anomoly is due to 
the fact that the temperature difference across each 
airspace in the cavity is different (30 and 15F for the l- 
and 2-airspace cavities respectively). 

The Rcl I (30) values for these cavities are 
approximately 1.2 hr ft2 F/Btu lower than the Rp(30) values 
for the test panels from which the cavity data is derived. 

12.3 HORIZONTAL HEAT FLOW. WOOD STUDS 

Figure 22 presents the cavity thermal resistance as a 
function of cavity temperature difference for all of the 
experiments on test panels containing reflective airspaces, 
tested with horizontal heat flow, and constructed with wood 
studs and contains data from Test Panels 2A, 2B, and 2C, 
This data is summarized below. 
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Figure 22: The measured cavity thermal resistance of three 
cavities as a function of cavity temperature difference 
determined by the R(I I) method from experiments on test 
panels with wood framing members and tested with horizontal 
heat flow. The cavity thermal resistances determined from 
the curve-fit coefficients for a temperature difference of 
30F, $.lI(30), are tabulated for comparison. 

c 
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A Comparison of the Cavity Thermal Resistance of Three Test 
Panels Fabricated with Wood Studs and Tested with Horizontal 

Heat Flow 

Number of 
Panel Airsnaces Rc11(301 E RcISO(30) 

2A 1 0.03 2.60 2.58 
2B 2 0.03 5.37 5.44 
2c 4 0.03 5.95 5.83 

Average 4.64 4.61 

The average cavity thermal resistance for test cavities 
in test panels constructed with wood and tested with 
horizontal heat flow calculated by the parallel path R(I I) 
and isothermal planes R(IS0) methods are 4.64 and 4.61 hr 
ft2 F/Btu respectively. The two calculation procedures 
agree to within 0.03 hr,ft2 F/Btu. Unlike the cavities from 
test panels fabricated with XEPS studs, there is no 
systematic difference between R(I 1) and R(IS0). 

The Rcl l(30) values range from 2.6 to 6.0 hr ft2 F/Btu. 
The 2- and 4-airspace cavities are 2.1 and 2.3 times the l- 
airspace Rcl I (30) value for cavity effective emittances of 
0.03. 

The Rcl I(30) values for these cavities are 
approximately 0.7 hr ft2 F/Btu lower than the Rp(30) values 
for the test panels from which the cavity data is derived. 
When compared to the test panels with XEPS studs, the 
smaller difference between the test panel and cavity R- 
Values noted on the wood stud test panels is due to the 
lower thermal resistance of the wood stud. 
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For similar constructions, the Rcl I (30) values 
calculated for the XEPS test panels (3A, 3B, and 3C) are 
6.5, 7.7, and 2.9 percent higher than the wood test panels 
(2A, 2B, and 2C) respectively. 

12.4 VERTICAL HEAT FLOW. XEPS AND WOOD STUDS 

Figures 23 and 24 depict the cavity thermal resistance 
as a function of cavity temperature difference for all of 
the experiments on test panels containing reflective 
airspaces, tested with vertical heat flow, and constructed 
with XEPS and wood studs respectively. These two figures 
contain test results from experiments performed on Test 
Panels llA, 13A, 13B and 12A and 12B respectively. 

A Comparison of the Cavity Thermal Resistance of Five Test 
Panels Fabricated with XEPS or Wood Studs and Tested with 

Vertical Heat Flow 

Panel 
11A Up 
11A Down 
12A Up 
12A Down 
12B Down 
13A Up 
13A Down 
13B Down 

Stud Type and 
# of Airssaces 

2x4 XEPS, 1 
2x4 XEPS, 1 
2x6 Wood, 1 
2x6 Wood, 1 
2x6 Wood, 4 
2x6 XEPS, 1 
2x6 XEPS, 1 
2x6 XEPS, 4 

Average (All) 7.74 7.31 

Average (1AS) 5.68 5.60 
Average (4AS) 16.76 15.23 

Average (Up) 1.91 1.96 
Average (Down) 11.24 10.52 
Average (Down, 1AS) 7.56 7.38 

Average (XEPS) 7.05 6.86 
Average (Wood) 8.87 8.06 
Average (XEPS, Series ,3) 8.48 8.18 

E 
0.05 
0.05 
0.05 
0.05 
0.03 
0.05 
0.05 
0.03 

Rcll(30) RcISO('30) 
2.00 2.06 
7.85 7.70 
1.80 1.84 
7.34 7.11 

17.48 15.23 
1.93 1.97 
7.48 7.34 

16.03 15.23 
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Figure 23: The measured cavity thermal resistance of five 
cavities as a function of cavity temperature difference 
determined by the R(ll) method from experiment8 on test 
panels with XEPS framing members and tested with vertical 
heat flow up and down. The cavity thermal resistances 
determined from the curve-fitScoefficients for a temperature 
difference of 3OP, Rcll (30), are tabulatkd'for comparison. 
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Figure 24: The measured cavity thermal resistance of three 
cavities as a function of cavity temperature difference 
determined by the R(I I) method from experiments on test 
panels with wood framing members and tested with vertical 
heat flow up and down. The cavity thermal resistances 
determined from the curve-fit coefficients for a temperature 
difference of 3OF, RclI (30), are tabulated for comparison. 
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The cavity thermal resistance for test cavities in all 
test panels tested with vertical heat flow calculated by the 
parallel path and isothermal planes methods, Rcl I (30) and 

R,Iso(W f are 7.74 and 7.31 hr ft2 F/Btu respectively. The 
two calculation procedures agree to,within 0.43 hr ft2 F/Btu 
or 5.5 percent. When the R,(30) value is greater than 
approximately 2 hr ft2 F/Btu, the R( I I) method predicts a 
higher thermal resistance than the R(IS0) method. 

The average Rcl 1(30) and RcIS0(30) values for l- 
airspace cavities are 5.68 and 5.60 hr ft2 F/Btu 
respectively, agreeing to better than 2 percent. For the 4- 
airspace cavities, the average Rcl 1(30) and 'RcIS0(30) values 
are 16.76 and 15.23 hr ft2 F/Btu respectively. In this 
instance, the agreement between the two calculation 
procedures is approximately 9 percent. The 4-airspace 
cavities tested with heat flow down exhibit the highest 
cavity thermal resistance in this test program and the 
greatest'variation based on calculation technique. 

A comparison of Panels 12A, 12B, 13A, and 13B yield an 
indication of the effect of the number of airspaces on the 
cavity thermal resistance for vertical heat flow down. For 
heat flow down, the Rcll(30) values for the l- and 4- 
airspace cavities are 7.41 (Panels 12A and 13A) and 16.76 
(Panels 12B and 13B) hr ft2 F/Btu respectively. The 4- 
airspace cavity is 2.3 times more thermally resistive than 
the l-airspace cavity. F similar analysis with the 
RcIS0(30) values shows the 4-airspace cavity is 2.1 times 
more thermally resistive. 

The average Rcll(30) and RcISO( 30) values for the heat 
flow up and down experiments agree to better than 3 and 7 
percent respectively. Similar to the l-airspace heat flow 
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up testing, the l-airspace Rcll(30) and RcIS0(30) values for 
the heat flow down experiments agree to better than 3 
percent. All R cISo(30) values were higher for the heat flow 
up experiments: Rcl 1(30) exceeded all RcIS0(30) values for 
the heat flow down tests. 

The three different l-airspace heat flow up experiments 
(2x4 XEPS, 2x6 XEPS, and 2x6 Wood) yielded an average 
Rcll(30) value of 1.9 hr ft2 F/Btu +/- 5 percent. The same 
test panels evaluated with heat flow down ranged in RclI (30) 
values from 7.3 to 7.8 hr ft2 F/Btu with the XEPS studs 
yielding the higher values. The XEPS test panels yielded an 
average 4.5 .percent higher.cavity thermal resistance when 
compared to the wood stud test panel. 

The average RclI (30) values for the cavities tested 
with vertical heat flow are approximately 0.4 hr ft2 F/Btu 
lower than the Rp(30) values for the test panels from which 
the cavity data is derived. With the exception of Test 
Panel 12B (4 airspaces with wood studs), the cavity exceeds 
the panel thermal resistance by approximately 1 hr ft2 F/Btu 
for all the test panels. The RclI (30) value for Test Panel 
12B is lower than the Rp(30) value by 3.3 hr ft2 F/Btu. 

A comparison of Series 12 and 13 Test Panels shows the 
effect of the stud material on the R cl 1(30) values for test 
panels evaluated with vertical heat flow. The average 
Rcll(30) values for these two series of test panels are 8.87 
and 8.48 hr ft2 F/Btu respectively. The average Rcll (30) 
value for test panels with XEPS studs was 0.4 hr ft2 F/Btu 
or 4.5 percent lower than the equivalent test panels 
constructed with wood studs. 
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12.5 STUD HEAT FLUX 

The parallel path method proposed for the ASTM 
reflective insulation material specification requires 
accurate knowledge of the temperature difference across the 
cavity and the heat flux through the stud, Qstud. Qstud is 
determined by measuring the temperature difference across 
the stud and dividing that temperature difference by the 
stud thermal resistance. A method of reducing the potential 
error due to uncertainty in either the temperature 
difference across the stud or its R-Value is to increase the 
stud thermal resistance so that Qstud is a smaller 
percentage of the total energy input. Figure 25 details the 
average ratio of Qstud to Qtotal expressed as a percent for 
all the the test data and for each heat flow direction. On 
average, the heat flow through the studs accounted for 7.1 
percent of the total energy input. For the horizontal and 
vertical heat flow experiments, the average Qstud/Qtotal was 
5.2 and 9.0 percent respectively. For the vertical heat 
flow data, the average heat flow through the stud for the 
heat flow up and heat flow down experiments was 2.7 and 12.8 
percent respectively. 

The amount of stud heat flow as a function of the 
number of airspaces in the cavity and the stud material is 
depicted in Figure 26. For all the test data, the percent 
of the total heat flow through the wood and XEPS studs were 
12.6 and 3.9 percent respectively. The XEPS studs 
transferred approximately 31 percent of the energy 
transferred by the wood studs. This result is consistent 
with the ratio of the R-Values of the wood and XEPS studs: 
data in Table 20 would predict 27 percent. For l-, 2-, and 
4-airspace cavities, the ratio of XEPS to wood stud .heat 
flow were 34, 35, and 34 percent respectively. 
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Figure 25: The heat flow through the stud expressed as a 
percentage of the total heat flow for the test panel thermal 
resistance experiments as a function of heat flow direction. 
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Figure 26: The heat flow through the stud expressed as a 
percentage of the total heat flow for the test panel thermal 
resistance experiments as a function of the number of 
airspaces comprising the cavity and the stud or framing 
material. 
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As the thermal resistance of the cavity increases, the 
percent of the total heat flow through the stud increases. 
Since the cavity thermal resistance generally increases with 
an increasing number of airspaces, the percent of stud heat 
flow should also increase. For wood studs, the stud heat 
flows for the l-, 20, and I-airspace cavities were 8.5, 9.8, 
and 20.0 percent- respectively. For XEPS studs, the stud 
heat flow is reduced to 2.9, 3.4, and 7.3 percent for the 
l-, 20, and 4-airspace cavities respectively. 

12.6 EFFECTS OF HEAT FLOW DIRECTION AND NUMBER OF AIRSPACES 

The average cavity thermal resistances calculated by 
both analytical methods for all experiments, horizontal and 
vertical experiments separately, and heat flow down and up 
experiments are shown in Figure 27 and are summarized below. 
The curve-fit coefficients for the cavity thermal resistance 
determined by the two calculation methods, solved for a 
temperature difference of 30F, were used for these 
comparisons. 
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Figure 27: The average cavity thermal resistance as a 
function of heat flow direction calculated by the parallel 
path and isothermal planes methods. 
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Summary of the Cavity Thermal Resistances for Thirteen 
Test Panels Determined at a Temperature Difference 

of 30F From Curve-Fit Coefficients 

Panel 

1A 2.39 2.42 
1B 4.68 4.78 
2A 2.60 2.58 
2B 5.37 5.44 
2c 5.95 5.83 
3A 2.77 2.83 
38 5.82 5.85 
3c 6.13 6.17 

11A Up 2.00 2.06 
11A Down 7.85 7.70 
12A Up 1.80 1.84 
12A Down 7.34 7.11 
12B Down 17.48 15.23 
13A Up 1.93 1.97 
13A Down 7.48 7.34 
13B Down 16.03 15.23 

R (dT = 30F), hr ft2 F/Btu 
Rc(ll) Rc(ISO1 

A Comparison of the Cavity Thermal Resistances for Thirteen 
Test Panels as a Function of Heat Flow Direction 

Panel Rcflll Rc(ISOJ 

All Data 
Horizontal (1A i 3C) 
Vertical (11A - 13B) 
Down (11A - 13B) 
Up (llA, 12A, 13A) 

6.1 5.9 
4.5 4.5 
7.7 7.3 

11.2 10.5 
1.9 2.0 

The average R-Values calculated by the parallel path and 
isothermal planes methods for all experiments were 6.1 and 
5.9 hr ft2 F/Btu respectively. The two procedures 
calculated an average R-Value difference of 3.5 percent. 
The average differences in the calculated R-Values from the 
two procedures for the horizontal heat flow, vertical heat 
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flow, heat flow down, and heat flow up experiments were - 
0.5, 5.8, 6.8, and -2.3 percent respectively. The 
calculation procedures showed their best agreement with 
cavities having a thermal resistance of approximately 4 hr 
ft2 F/. Btu. At lower cavity R-Values, the isothermal planes 
method predicted higher cavity R-Values: lower cavity R- 
Values were calculated by the isothermal planes model as the 
cavity R-Value increased above 4 hr ft2 F/Btu. 

Figure 28 depicts the same data as a function of the 
number of airspaces in the cavity. The average cavity 
thermal resistance calculated by the parallel path and 
isothermal planes methods for l-, 2-, and 4-airspace 
cavities were 4.02, 5.29, 11.40, and 3.98, 5.36, and 10.62 
hr ft2 F/ Btu respectively. The average R-Value differences 
calculated by the two methods were for l-, 20, and 4- 
airspace cavities were 0.9, -1.2, and 7.4 percent 
respectively. As stated previously, the two calculations 
appear to exhibit their best agreement with cavity R-Values 
around 4 hr ft2 F/Btu. 

A Comparison of the Cavity Thermal Resistances for Thirteen 
Test Panels as a Function of the Number of Airspaces 

Comprising the Cavity 

Panel Rc(l II RclISO) 

All Data 6.1 5.9 
1 Airspace (lA, 2A, 3A, llA, 12A, 13A) 4.0 4.0 
2 Airspaces (lB, 28, 
4 Airspaces 

3B) 5.3 5.4 
(2C, 3C, 12B, 13B) 11.4 10.6 
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Figure 28: The average cavity thermal resistance as a 
function of the number of airspace8 comprising the cavity 
calculated by the parallel path and isothermal planes 
methods. 
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13. CAVITY THERMAL RESISTANCE PREDICTION 

A prediction of the cavity thermal resistance was 
performed utilizing the curve-fitting coefficients developed 
by Yarbrough['] when he applied the, Method of Least Squares 
to the data generated by Robinson and Powlitch[2]. The use 
of these coefficients allowed for the prediction of the 
cavity thermal resistance for the exact temperature 
conditions of the experiment. When there was more than a 
single airspace forming the cavity, the thermal resistance 
of each individual airspace was determined and summed. 

The predicted cavity thermal resistance (R) and khe 
percent difference between the prediction and the measured 
cavity thermal resistance for each calculation procedure is 
shown in Table 28. Included in Table 28 are the emittances 
of the hot and cold surfaces of the cavity (el and e2 
respectively), the effective emittance of the cavity (E), 
the coefficient of heat transfer by radiation (Hr), and the 
combined conduction-convection coefficient of heat transfer 

WC) l The predicted cavity thermal resistances gathered at 
the predominant airspace mean temperature were fitted as a 
function of cavity temperature difference. These curve-fit 
coefficients are presented in Table 29. 

The effective emittance of the cavity (E), the 
coefficient of heat transfer by radiation (Hr), and the 
predicted cavity thermal resistance (R) were calculated from 

E = [ l/e1 + l/e2 -13-l (11) 

Hr = 0.00686 * [ Tmean / lOOI 

R= [ E * Hr + Hc 1-l 

(12) 

(13) 
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THE SURfACE EMITTRNCE, EffECllVR CRVITY RMITTRRCE, AR0 THE PREDICTI TIIERWL RESISTANCE 

DC SEVRNTEER TEST CRVITXES CWTAIYIWG REfLECTWE OR RR.% INSUUTfoY URTERlALS 

Eaittmco Iloorursd 
Prdictod csvity Csvlty R-Valu. X Ditfmmc~,* 

surtoeo -tty Them1 Pwformmt. hr ft-2 f/Btu Prsd. vs. Rem. 
- . -- . -. - . _r___ --_ 

Pm-w1 IlMwid Alrsp~os E Nwbsr 01 CHS, 02 (CS) E nr HC R R C/I, R (ISO) R (11, R (ISO) 

IA XEPS 1 0.05 H-l 0.05 

n-2 0.05 

n-3 0.05 

n-4 0.05 

w-5 0.05 

IB XEPS 2 0.05 II-6 

H-6.Cl 

H-66! 

H-7 

II-7-a 

H-?-G? 

H-B 

II-E-Cl 

I-l-c2 

H-9 

II-9.Cl 

n-9.c2 

II-ID 

R-10.Cl 

II-IO-C2 

O.?f 

0.05 

0.77 

0.05 

0.77 

0.05 

O.TI 

0.05 

0-n 

0.05 

2A uam 1 DA3 n-11 

n-12 

H-13 

R-14 

Wl3 

If-16 

0.05 

0.05 

D.D!i 

0.05 

0.05 

0.05 

ZB WC0 2 0.03 n-17 

II-17-a 

W*l?-c2 

H-16 

ll*l8-Cl 

w-la-c2 

H-19 

H-19.Cl 

n-19-c2 

n-20 

II-W-Cl 

II-ZD-c2 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.77 

0.77 

0.77 

0.77 

0.77 

0.05 

O.TT 

0.05 

O.?f 

0.05 

0.77 

0.05 

0.77 

0.05 

0.77 

0.05 

0.05 

0.W 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.0) 

0.05 

0.051 0.910 0.394 2.27 2.17 2.21 4.4 2.a 
o.D51 0.910 0.377 2.34 2.27 2.30 3.8 2.6 
0.D51 0.909 0.351 2.52 2.37 2.40 5.7 4.a 
O-D51 0.914 0.313 2.7a 2.63 2.67 5.4 3.7 
0.051 0.909 0.247 3.41 3.D4 3.07 10.8 10.0 

0.051 I.166 0.426 

0.051 0.898 0.409 

0.051 l.151 0.410 

O.D51 0.916 0.397 

0.051 1.078 0.368 

0.051 0.909 0.361 

0.051 1.020 0.314 

0.051 0.909 0.311 

0.051 0.963 0.241 

0.051 0.908 0.241 

0.027 1.046 0.405 

o.D27 Id43 0.3B6 

0.027 1.040 0.364 

0.027 1.044 0.318 

0.027 1.046 0.255 

0.027 0.910 0.3% 

4.25 3.26 3.33 23.3 21.1 

2.06 1.62 1.65 21.5 19.9 

2.20 1.65 1.68 25.0 23.5 

4.39 3.42 3.51 21.9 20.0 

2.13 1.69 l.TJ 20.6 18.6 

2.25 1.73 I.?? 23.2 21.3 

4.82 3.7D 3.79 23.2 21.2 

2.36 l.(u I.67 22.5 20.6 

2.G 1.87 1.92 23.8 21.9 

5.53 4.24 4.36 23.4 21.2 

2.13 2.D9 2.15 23.7 21.5 

2.M) 2.15 2.21 23.1 20.9 

6.92 5.14 5.23 25-a 24.4 

3.45 2.53 2.58 26.5 25.2 

3.48 2.61 2.65 25.0 23.7 

2.31 2.37 2.34 -2.6 -1.4 

2.42 2.48 2.45 -2.7 -1.3 

2.35 2.51 2.55 -0.7 -0.1 

2.89 2.8l 2.78 3.0 3.9 

3.53 3.u 3.16 a.5 10.7 

2.39 2.34 2.34 1.9 1.9 

0.027 1.169 0.430 

0.027 0.901 0.4D6 

D.D27 1.046 0.405 

0.027 O.B% 0.3a4 

0.027 I.047 0.370 

0.027 O.B&? 0.354 

0.027 1.055 0.317 

0.027 0.942 0.309 

4.50 3.52 3.55 21.8 21.0 

2.17 1.w) $.a2 16.9 16.0 

2.33 1.11 1.73 26.4 25.7 

4.n 3.M) 3.64 24.6 23.7 

2.31 1.85 1.81 20.0 19.0 

2.46 1.75 I.?? 28.9 28.1 

5.17 4.02 4.07 22.2 21.1 

2.52 2.05 2.0s la.5 17.4 

2.65 1.97 2.00 25.7 24.7 

5.a9 4.69 4.?5 20.4 19.3 

2.90 2.36 2.39 18.5 17.4 

2.99 2.33 2.36 22.3 21.2 
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Ea~ttanoo i4wrwd 

Pradlctd cavity Cavity I-Vdu, X Dltfanta, 

Ewfr* cwity Thwat Porfo-• hr ft*t ?/Mu Prad. ve. MM.. 

28 uooo 2 0.03 n-21 

H-21-Cl 
H-2l.Q 

H-22 
n-22.Cl 

I(-22.CP 

01 cnr, e2 ccs, L HP nc I R (11) I (ISO) R (11) R (IS001 
w---I_----- 

?.% 5.92 5.99 19.5 18.5 
0.05 0.05 0.027 1.051 0.245 3.66 2.95 2.90 19.4 1a.5 

0.05 0.05 0.027 0.993 0.244 3.70 2.90 3.01 19.5 18.6 

aA3 7.15 7.27 19.0 17.7 

0.05 0.05 0.027 1.055 0.1% 4.42 3.50 3.56 20.7 19.4 

0.05 0.1 0.027 1.0% 0.199 4.41 3.65 3.71 17.4 16.0 

0.77 0.03 0.026 
0.1 0.03 0.02a 
0.03 0.1 0.02a 
0.03 0.n 0.026 

0.77 0.03 0.026 
0.8 0.05 o&a 
0.03 0.1 0.02a 
0.03 0.77 0.026 

2c uxo 4 0.03 H-23 

H-23.Cl 

H-23.C2 

n-s-c3 

H-23-U 

H-24 

H-24.Cl 

H-I-U 

H-24-U 

H-24-U 

H-25 

H-25-Q 

H-25.P 

n-25-u 

H-25-U 
H-26 

n-26.Cl 

It-26-U 
H-26-O 
H-264X 

H-27 

H-PI-Cl 

H-27.C2 

H-27-U 

H-27-U 

H-28 

n-2&Cl 

H-2&G? 

H-2&U 

n-z&c4 

0.77 0.03 0.026 

0.b 0.03 0.02a 

0.m 0.M 0.02a 

0.05 0.n 0.626 

0.77 0.03 0.026 

o.a5 0.03 0.02a 

0.03 0.w o&a 

0.03 0.n o.a26 

0.n 0.03 0.026 
0.6 0.03 0.026 
0.03 0.1 0.028 
033 on 0.026 

0.n 0.03 0.026 

0s 0.03 oma 

0.03 0.1 0.021) 

0.03 0.n 0.026 

l.Olb 0.261 

0.939 0.2% 

0.883 0.227 

0.872 0.243 

1.149 0.261 

1.667 0.207 

1.001 0.233 

0.93a 0.244 

1.1% 0.243 

1.069 0.236 

1.016 0.222 

o.w5 0.231 

1.115 0.229 

1.066 0.223 

1.025 0.212 

0.9M 0.218 

1.097 0.214 

1.063 0.211 

1.033 0.292 

1.0(16 0.206 

1.063 0.194 

1.047 0.193 

1.033 0.11 

1.021 0.190 

14.60 5.27 5.12 63.9 6b.9 

3.U 1.53 1.49 55.3 56.6 

3.61 1.31 1.28 63.6 64.7 

3.as 1.07 l.Jl4 R-1 72.9 

3.73 1.35 1.32 63.7 6b.7 

15.30 5.57 5.42 63.6 6b.6 

3.66 1.57 1.53 57.1 5a.3 

3.75 1.46 1.42 61.2 62.2 

3.99 1.13 1.10 71.6 R.6 
3.90 1.41 1.33 63.a 6L.a 

16.07 6.0) 5.W 62.4 62.9 

3.a7 1.R 1.69 55.6 56.3 

3.95 1.M 1.55 60.1 60.7 

b.15 1.23 1.22 70.3 70.7 

2.09 1.52 1.49 62.9 63.4 

16.90 6.31 6.19 62.6 63.4 

4.12 1.n 1.74 57.0 57.a 

4.15 1.71 1.Y sa.7 59.5 

4.33 1.29 1.27 70.1 70.7 

4.30 1.53 1.50 61.1 65.1 

la.21 7.ia 7.13 60.6 60.1 

4.51 2.00 i.9a 55.7 56.0 

Lb9 2.00 1.w 55.5 55.1 

4.64 1.u 1.47 67.a 66.0 

4.61 1.70 1.69 63.1 63.3 

15.06 5.54 5.60 63.2 62.a 

3.47 1.71 1.75 50.0 19.5 

3.# 1.20 1.21 65.a 65.5 

3.97 1.09 1.10 R.6 RS 
3.R 1.52 1.53 59.9 59.4 

31, XEPS 1 0.03 n-29 0.05 0.05 0.027 1.053 0.401 2.33 2.47 2.53 -6.2 *a.6 

H-30 0.05 0.05 0.027 1.060 0.387 2.bl 2.69 2.65 -7.7 -9.9 

H-31 0.65 0.05 0.027 1.054 0.356 2.66 2.0 2.88 -7:7 -10.5 

H-32 0.05 0.05 0.027 1.050 0.314 2.92 3.05 3.09 -4.5 -5.a 

n-u 0.05 0.05 0.627 1.049 0.260 3.47 3.40 3.47 1.9 -0.1 

w-34 0.05 0.05 0.927 0.910 0.393 2.bo 2.51 2.54 -6.5 -5.a 
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TABLE 26 (Cult) 

THE SURFACE EMITlANCE, EFFECTIVE CAVITY EI(ITTAHCE, AND THE PREDICTED THERMAL RSSlSTAHCE 

Of SEVSNTEEW TEST CAVITIES CONTAININ REFLECTwE OR MASS INSULATlON MATERIALS 

Emf ttsnce neasured 
----- Predicted Cavfty Cavity II-Value, X Oiffcrmcs, 

SW-free Cavf ty Thermal’ Pcrfermmcc hr ft-2 F/Btu Pred. vs. mea.. 
Test stud NO. of Af !-space ,+*t ----- -- --------------- ------- --_-- __ 

Panel Material Airspaces E Nurber 01 (HS) t2 (CS) E nr HC R R (11, R (ISO) R (11, R <ISO) 
-w-*- --w-- -eI_ --- ---., ---a 1-1--..-- e---e I.,- -I--- ----mew 

38 XEPS 2 0.03 H-35 4.44 3.96 3.98 10.9 10.4 

H-35.Cl 0.05 0.05 O.O?? 1.163 0.435 2.14 2.02 2.03 5.7 5.2 

H-35X2 0.05 0.05 0.027 0.901 0.411 2.30 1.94 1.95 15.7 15.3 

n-36 4.75 4.04 4.07 15.1 14.4 

H-%-Cl 0.05 0.05 0.027 1,050 0.404 2.31 2.05 2.07 11.0 10.3 

H-M-C2 0.05 0.05 0.027 0.631 0.386 2.45 1.99 2.00 111.9 16.2 

n-37 5.13 4.45 4.48 13.4 12.7 

H.37-Cl 0.05 0.05 0.027 1.051 0.371 2.51 2.24 2.26 10.5 9.1 

N-37.C2 0.05 0.05 0.027 02X5 0.357 2.63 2.20 2.22 16.2 15.5 

H-38 5.a7 5.12 5.16 12.7 12.0 
I-38.Cl 0.05 0.05 0.027 1.052 0.3111 2.89 2.57 2.59 10.9 10.2 

Ii-38x2 0.05 0.05 0.027 0.938 0.311 2.98 2.55 2.57 lb.4 13-a 

H-39 7.34 6.27 6.31 14.6 14.0 

H-39x1 0.05 0.05 0.027 1.050 0.247 3.64 3.15 3.17 13.4 12.8 
H-39.C2 0.05 0.05 0.027 O.Wl 0.244 3.70 3.12 3.14 15.7 15.2 

H-40 6.77 7.60 7.58 13.3 13.5 

H-CO-Cl 0.05 0.05 0.027 1.051 0.201 4.36 3.80 3.79 13.0 13.2 

H*LO-C2 0.05 0.05 0.027 1.021 0.200 4.40 3.80 3.79 13.7 13.9 

3c XEPS 4 0.03 H-41 

n-cl-cl 

II-41X2 

H-41-W 

bl.41.Cl 

H-42 

N-42X1 

H-42.C2 

H-42-U 

H-42.CC 

H-43 

H-43-Cl 

H-43-C2 

H.43.c3 

H-43-r-4 

n-44 

H-44-Cl 

H-44-Q 

H-44-W 

H-44-U 

0.n 0.03 0.026 1.155 0.266 

0.85 0.03 0.0211 1.074 0.240 

0.03 0.85 0.028 1.012 0.232 

0.03 0.77 0.026 0.945 0.251 

0.77 0.03 0.026 1.139 0.246 

0.85 0.03 0.028 1.074 0.230 

0.03 0.85 0.028 1.024 0.222 

0.03 0.n 0.026 0.971 0.235 

O.TI 0.03 0.026 

0.85 0.03 0.028 

0.03 0.65 0.028 

0.03 0.n 0.026 

0.n 0.03 0.026 

0.85 0.03 0.028 

0.03 0.85 0.028 

0.03 0.77 0.026 

1.108 0.230 

1.061 0.217 

1.024 0.211 

0.985 0.219 

l.o92 0.213 

l.Obo 0.206 

1.033 0.202 

1.006 0.206 

14.53 5.28 5.34 63.7 63.3 

3.37 1.62 1.64 51.11 5Y.3 

3.70 1.15 1.16 69.0 68.7 

3.64 1.03 1.04 75.1 72.6 

3.63 1.48 1.50 39.3 58.8 

15.26 5.57 5.62 63.5 63.2 

3.59 1.69 1.71 52.8 52.4 

3.85 1.26 1.27 67.3 67.0 

3.99 1.11 1.12 72.3 72.0 

3.83 1.51 1.52 60.6 60.2 

16.15 6.09 6.14 62.3 62.0 

3.86 1.64 1.85 52.4 52.0 

4.05 1.42 1.43 64.9 64.6 

4.17 1.23 1.24 70.5 70.2 

4.07 1.61 1.62 60.5 60.2 

lb.W 6.92 6.97 59.3 59.0 

4.13 2.02 2.03 51.0 50.7 

4.23 1.66 1.69 60.3 60.1 

4.34 1.44 1.45 6b.a 66.6 

4.29 1.76 1.79 se.! 5a.2 
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THE SURFACE EIUTTANCE, LfFECllVE CAVITY EIWTMCE, AHD TILE PUEDICTED THERML RESISTAHCE 

W SEVEHlLLH TlSl UVllIES CWtAlYlYO REIlECllVe Q BUSS IYSUUTtDX MRRIALS 

Emlttmc* mwJrad 
Prsdfctd cavfty cavity R-Wm. X0~ff*renee, 

surtw* cdty lhml Pwf-e hr ft”2 FRtu Prd. vs. Mea,. 

Test stud HO. of AirSpWO Tut 
Pad Material Airspaces E H&w al WS) 9 (0) I! nr fk I R(II) R (Iso) R(IIJ R (Iso) 

3c 

CA 

1lA 

%?A 

XEPS 

XWS 

mea 

XEPS 

umo 

4 

HIA 

1 

1 

0.03 I-45 

H-4%Cl 

H-U-P 

H-45-c) 

II-U-U 

If-46 

H-U-Cl 

w-u-c2 

N-U-0 

ff-46-U 

WA H-47 

WA n-48 

0.05 v-w 

V-2U 

V-3U 

V-4U 

V-W 

v4J 

V-70 

V-W 

V-W 

v-m 

V-110 

V-18 

0.1 v-m 

v-1w 

v-15u 

V-1Q 

v-m 

v-m 

v-m 

V-209 

V-210 

V-220 

V-230 

v-24D 

0.n 0.03 

0.85 0.03 

0.03 0.8s 

0.03 0.77 

0.77 ‘0.03 

o.fis 0.03 

0.03 0.1 

0.03 0.77 

0.77 0.77 

9.w 0.n 

0.05 0.n 

0.05 0.n 

0.05 0.77 

0.05 0.77 

0.05 0.n 

0.05 0.77 

0.05 0.w 

0.05 0.n 

0.05 0.77 

0.05 0.77 

0.05 on 

0.05 0.n 

0.03 0.77 

0.05 0.n 

0.05 0.77 

0.05 0.n 

0.05 0.n 

b.05 0.n 

0.05 on 

0.05 0.n 

0.05 0.n 

0.05 0-n 

0.05 0.n 

0.1 0.77 

0.026 1.071 0.1% 

0.028 1.055 0.1% 

0.028 l.Dm D.lW 

omb 1.021 0.191 

0.026 l.DoD 0.264 

0.01 0.927 0.229 

0.028 0.878 0.229 

omb 0.819 0.245 

Q.& . . . . . . 

0.616 . . . . . . 

0.051 0.911 0.517 1.78 1.76 1.84 0.8 -3.8 

0.81 0.915 O.LW 1.w 1.05 1.91 0.5 -2.8 

0.951 0.912 0.456 1.99 1.99 2.M -0.2 ~2.9 

0.051 0.909 0.402 2.23 2.17 2.22 2.8 0.3 

0.051 0.911 0.3% 2.62 2.40 2.44 8.5 6.9 

0.051 1.055 0.530 1.n 1.62 1.7l 5.5 0.3 

0.051 0.909 o.Dw 7.55 7.s3 7.33 0.2 2.9 

0.051 0.912 O.DU 7.72 7.64 7.54 1.1 2.4 

0.931 0.910 0.m 8.09 7.92 7-n 2.1 4.7 

0.m 0.911 0.072 8.U 8.32 8.02 1.4 5.0 

0.051 0.911 o.D64 9.05 9.47 8.73 -4.6 3.6 

0.031 l.Db9 o.DM 7.D4 6.94 6.75 2.9 4.1 

0.951 1.050 0.586 1.56 1.61 142 -2.8 -3.7 

0.051 1.048 0.554 1.64 1.n l.TJ -5.2 -5.5 

0.051 1.046 o.wl 1.92 1.85 1.86 3.4 3.1 

0.051 1.048 0.418 2.12 2.03 2.07 4.4 2.5 

0.051 1.021 0.438 2.01 2.79 2.66 -36.5 -3D.2 

0.051 0.911 0.572 1.62 1.n 1.77 -7.2 -9.4 

0.051 1.052 0.167 4.53 6.95 6.67 -53.4 -47.1 

0.051 la52 0.160 4.67 7.12 6.91 -52.4 -47.9 

0.031 1.048 0.142 5.12 7.41 7.14 -44.7 -39.5 

0.051 1.0)s 0.117 5.M 7.61 7.37 -29.9 a.7 

0.051 l.DsD 0.067 7.10 8.21 7-w -1s.5 -9.7 

0.051 0.9l4 0.165 4.77 7.56 7.29 -56.3 -52.7 

l&l4 7.46 7.66 56.9 58.1 

4.49 2.09 2.13 53.5 52.6 

4.50 1.94 1.w 16.9 56.0 

4.56 1.64 1.67 61.0 63.3 

4.59 1.79 1.82 61.0 60.3 

15.20 5.66 s-90 62.8 61.2 

3.45 1.w 1.w 45.2 42.8 

3.93 1.13 1.18 71.1 69.9 

4.09 0.99 1.D3 75.9 74.9 

3.74 1.65 1.72 s5.9 54.1 

11.00 11.19 11.19 -1.7 -1.7 

11.00 10.17 10.22 7.5 7.1 
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TMLE 28 ICmt) 

THE SURFACE o(ITlWCE. ElFEClIVE CAVITY OlllTANCE, MD TIIE PREOICTEO THERMAL RWSTMCE 

Of SEVENTEEN TEST CAVITIES CONTAXHI~O REFLECTIM OR US8 IYSUUTIoY MTERIALS 

Emlttmu ltuubwd 

. Prdl+d CRvfty Cdty I-VRlu, X Diffwm, 
surfua *ity Them1 Pwfomsa hr wz flltu Pm& VI. nus. 

.ww. 

Pan.1 E nr fk R R (11, R (IWO) R’CII) R (IW) 

12s UUQ 4 0.03 v-25o 

v-25o.Cl 

V-MD-C2 

v-2mu 

v-25o-cd 

v-2bo 

v-2wCl 

V-260-U 

V-260-U 

V4bD-Cb 

v-27D 

v-270.Cl 

v*27D-c2 

v-27D-c3 

v-27D-c6 

V-2W 

v-25o-Cl 

v*tRD-c2 

v-2ao-c3 

v-2w-c4 

V-290 

v*29D-Cl 

V-2%-Q 

v-290-u 

v-2w-Es 

v*3m 

v-IOD-Cl 

v-3Oo.c2 

V-300-Q 

v-300~c4 

0.77 0.03 0.02b 1.154 

0.1 0.03 o.D2a 1.072 

0.03 0.1 O.D2E 1.025 

0.03 0.77 0.026 0.962 

0.77 0.03 O.OY 1.1% 

0.85 0.03 0.028 I.069 

0.93 0.M 0.028 1.031 

0.03 0.w 0.926 0.989 

0.77 0.03 '0.026 1.112 

0.85 0.93 o.fm l.wD 

0.03 0.8s 0.026 1.9% 

0.03 on 0.026 O.Wl 

0.n 0.03 0.026 l.DM 

0.85 0.03 ONE IA53 

0.03 0.6 0.028 1.03, 

0.03 0.77 0.026 1.012 

0.77 0.03 0.026 1.069 

0.61 0.03 0.029 I.053 

0.03 0.6 0.01 l&3 

0.03 0.77 0.026 1.031 

0.77 0.03 0.026 I.006 

0s 0.03 O.OM 0.929 

0.03 0.03 o.D2n 0.086 

0.03 0.77 0.026 o&E 

23.1 lb.5b 14.RR 30.7 37.7 

0.14s s.w 5.63 5.06 2.1 12.0 

0.1% 5.94 3.41 3.06 42.6 46.4 

0.135 6.10 1.W 1.70 69.1 72.2 

0.139 6.09 5.63 S.06 7.5 lb.8 

24.02 17.32 11.39 27.9 55.9 

0.142 5.53 5.W 5.31 -2.5 8.9 

0.137 5.w 3.u 3.23 39.1 45.9 

0.134 6.12 1.90 1.69 65.9 72.3 

0.1% 6.11 5.89 5.16 S.0 13.6 
E4.22 17.17 15.01 29.1 17.9 

0.140 5.92 6.00 5.26 -1.4 11.2 

0.1% 6.02 3.R 3.13 40.6 40.0 

0.134 b-lb 1.93 1.W b8.6 72.t 
0.137 6.1) 5.67 4.91 7.7 19.2 

24.46 15.07 15.63 26.1 36.1 

0.137 6.oL LA1 5.54 -6.1 0.2 

0.135 6.0 3.62 3.31 37.1 45.6 

0.155 6.15 2.10 1.62 65.a 7o.4 
0.135 b.19 5.74 4.96 7.3 19.8 

24.62 ll.42 16.67 25.2 32.3 

0.135 6.13 6.5R 5.95 -7.3 2.9 

0.134 6.12 3.95 3.37 35.5 41.7 

0.133 6.Y 2.26 2.04 63.4 66.9 

0.1% 6.21 9.64 5.10 9.2 17.9 

24.94 17.o4 14.79 31.7 M-7 

0.w 5.w 5.95 5.17 0.6 13.8 

0.135 6.21 3.45 2.w u.4 Il.8 

0.132 6.35 1.93 1.67 69.8 73.8 

0.135 6.3b s.71 4.96 10.1 22.0 

lx: UDDD HfA N/A V-31U 0.77 0.77 0.626 --- --- 16.91 17.27 lS.40 -2.1 8.9 

1% XEPS 1 0.05 V-32fJ 0.77 0.M 0.051 1.o49 0.5R6 1.56 l.R 1.76 -9.9 -12.7 

v.33u 0.77 0.0) 0.051 l&9 0.550 1.u 1.81 lab -9.3 -12.4 

V-WI 0.77 0.05 0.051 l.o5D 0.477 1.80 1.94 1-w -3.0 -4.1 

v-35U 0.77 0.05 0.051 l.o49 0.418 2.12 2.12 2.19 0.0 -5.0 

V-WI 0.77 0.05 0.051 1.050 0.430 2.07 2.55 2.57 -23.3 -24.3 

v-m 0.n 0.05 0.051 0.959 0.577 1.60 1.w 1.74 -5.9 -9.1 
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TABLE 26 CConO 

THE SURFACE ERITTAHCR, EIFECTIVR CAVITT RMITTANCR, AND THE PREDICTED THERMAL RESISTANCE 

OF SEVEUTEEH TEST CAVITIES CWTAIHING REFLECTlM DR HAS9 IWSULATIDH IUTLRIALS 

Edttmw Wuwd 

Prdictd cavity Cwlty R-Value, X Dfff.r@nce, 

swfw* CWI ty Thw'ml b.rfo-• hr ft-2 f/mu Prd. vs. 11~s. 

1-t stud Ho. of Af rlwm Tut 

P-1 Material A,lrrpu~ E H- al US, 3 KS) E HP nc R R(II> R CISD) R (11, R (XSD) 

13A XEPS 1 0.05 v-380 O.TI 

v-3w 0.77 

v-4DD 0.77 

V-410 0.77 

v-42D 0.W 

V-u0 0.W 

131 XEPS 4 D.D3 V-44D 

v-4&-Cl 

VaD~C2 
. v44D-c3 

v-440-c4 

v-45D 

v.45D-Cl 

v.45D-C2 

V.45D.C3 

v*45Do-C6 

V-4& 
v-UDO-Cl 

V-46042 

V-460-C3 

V-U044 

v-47D 

v-47D-Cl 

v-4mC2 

v-4mc3 

v.4na4 

V-480 

v-4w-Cl 

V-4RWC2 

v4ma3 

V-CO-U 

V-SW 

V-LW-Cl 

v-LW-C2 

v-LW-C3 

v-490.C4 

13c XEPS H/A HIA V-Sal 

0.W 

0.1 

0.03 

0.03 

0.77 

0.85 

0.03 

0.03 

0.77 

0.1 

0.03 

0.03 

0.77 

0.M 

0.03 

0.03 

0.W 

0.W 

0.03 

0.03 

0.77 

0.1 

0.03 

0.05 

0.W 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.03 

0.03 

0.85 

0.77 

0.03 

0.03 

0.85 

0.V 

0.03 

0.03 

0.8 

0.W 

0.03 

0.03 

0.85 

0.W 

0.03 

0.03 

0.M 

0.77 

0.03 

0.03 

0.1 

0.77 

O.TI 

0.051 1.054 0.167 4.53 7.06 6.90 -55.9 -52.3 

0.051 1.055 0.162 b.63 7.29 7.15 -57.4 -54.3 

0.051 1.60 0.145 5.04 7.41 7.23 -47.2 -43.5 

O.OSl 1.061 0.116 5.07 7.90 7.75 -34.6 -32.1 

0.051 1.052 O.Dal 7.43 8.59 0.19 -15.7 -10.3 

O.Dsl 0.9611 0.w 4.67 7.62 7.52 -63.0 -60.6 

0.026 

0.0% 

O.OM 

0.026 

1.160 

1.077 

l.D24 

0.9sa 

0.02b I.123 

0.028 1.060 

0.01 1.020 

0.026 0.97D 

0.026 1.113 

0.021 l.Ob3 

0.028 1.033 

0.026 0.994 

0.026 1.096 

0.020 1.063 

0.020 1.w 

0.026 1.018 

0.026 1.067 

0.028 1 .oso 

0.02E 1.039 

0.026 1.025 

0.026 0.998 

0.01 0.925 

0.02a 0.881 

0.026 0.824 

0.626 *.. .-. 16.91 16.22 16.00 

23.% 14.a7 14.41 37.6 39.6 

0.143 5.74 4.96 4.w 13.6 16.3 

0.139 5.92 3.05 2.96 48.5 50.1 

0.136 6.07 2.14 2.07 b4.7 65.1 

0.11 6.10 4.72 4.57 22.6 25.1 

24.12 15.63 15.10 35.2 37.4 

0.141 5.06 5.33 5.15 9.0 12.1 

0.137 6.00 3.19 j.08 U.8 4R.6 

0.135 6.12 2.22 2.15 63.7 64.9 

0.137 6.1s 4.W 4.72 20.s 23.2 

24.22 lb.30 15.43 32.7 36.3 

0.139 5.93 5.62 5.32 5.2 10.3 

0.1% 6.02 3.33 3.15 44.6 47.7 

0.134 6.12 2.29 2.17 62.6 64.6 

0.1% 6. lb 5.07 4.w 17.6 22.0 

24.38 16.W 15.64 30.7 35.9 

0.137 6.02 5.92 5.4R 1.6 9.0 

0.135 6.06 3.43 3.17 43.4 47.7 

0.134 6.13 2.32 2.14 62.2 61.0 

0.135 6.17 5.23 4.05 15.2 21.6 

24.63 20.31 16.33 17.5 25.6 

0.135 6.13 7.1s 6.45 -16.6 -5.3 

0.134 6.13 3.95 3.56 35.5 41.8 

0.133 6.16 2.82 2.55 54.2 58.7 

0.1% 6.21 6.39 5.77 -2.9 7.1 

25.01 lb.65 16.09 33.4 35.7 

0.140 6.02 5.69 5.50 5.6 8.7 

0.135 6.22 3.32 3.21 46.6 46.4 

0.132 6.37 2.33 2.25 63.5 64.7 

0.135 6.39 5.31 5.13 16.9 19.7 

L.l, 5.4 
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TABLE 29 

THE FIT COEFFICIENTS USED TO DESCRIBE THE PREDICTED CAVITY THERMAL 
RESISTANCE AS A FUNCTION QP CAVITY TEMPERATURE DIFFERENCE 

Test Panel Test Numbers 
““““““““““““““” “““I”“““““““““” 

1A H-l To H-5 

1B H-6 To H-10 

2A H-11 To H-15 

2B H-17 To H-22 

2c H-23 To H-27 

3A H-29 To H-33 

3B H-35 To H-40 

3c H-41 To H-45 

11A Up V-1U To V-5U 

11A Down V-7D To V-11D 

12A Up V-13U To V-17U 

12A Down V-19D To V-23D 

12B Down V-25D To V-29D 

13A Up V-32U To V-36U 

13A Down V-38D To V-42D 

138 Down V-44D To V-48D 

Notes: 1. R = A0 + Al*dT + A2* dT*2 where: 
R = Cavity Thermal Resistance, hr ftA2 P/Btu, and 

dT = Cavity Temperature Difference, F. 

Fit Coefficients 
"""""""""""""""""""""""""""""""" 

A0 Al A2 
"""""""""" """""""""" -""""""""" 

4.106 -7.91E-02 8.5BE-04 

8.609 -9.60E-02 5.333-04 

4.270 -8.263-02 8.77E-04 

9.805 -1.25E-01 7.47E-04 

19.466 -1.38E-01 8.18E-a4 

4.293 -8.68E-02 9.663-04 

9.727 -1.20E-01 6.88E-04 

19.386 -1.32E-01 7.23E-04 

3.089 -5.llE-02 5.02E-04 

9.670 -7.203-02 5.95E-04 

2.054 5.743-03 -3.39E-04 

9.258 -2.08E-01 2.293-03 

24.820 -l.SBE-02 8.363-06 

2.154 -2.OOE-03 -2.153-04 

9.459 -2.21E-01 2.47E-03 

24.829 -2.133-02 4.30E-05 

Rpr(dT = 3OF) 
""""""""""""" 
hr ftA2 F/Btu 
""""""""""""" 

2.51 

6.21 

2.58 

6.73 

16.05 

2.56 

6.76 

16.06 

2.01 

8.04 

1.92 

5.07 

24.23 

1..90 

5.05 

24.23 

2. Rpr(dT = 30F) is the cavity thermal resistance calculated 
from the curve-fit coefficients for a temperature difference 
of 3OP. 
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where Tmean is expressed in degrees Rankine. The combined 
conduction-convection coefficient of heat transfer (Hc) was 
determined at an airspace mean temperature of 50F using 
Yarbrough's coefficients and were adjusted to the actual 
test airspace mean temperature by 

(H~)T = (Hc) 50 * [l+O.OOl* (T-50) ] (14) 

where (Hc)T is the conduction-convection coefficient of heat 
transfer at the test temperature, (Hc)50 is the conduction- 
convection coefficient of heat transfer at 50F, and T is the 
airspace mean temperature in F. 

The differences between the predicted (Rpredicted) and 

measured (&asured) cavity thermal resistance expressed as 
a percentage were determined by 

% Difference = ([Rpredicted - Rmeasured]/ Rpredicted)* (15) 

The combined conduction-convection coefficient of heat 
transfer (Hc) data reported by Robinson and Powlitch which 
forms the basis of the curve-fitting coefficients developed 
by Yarbrough were limited to a maximum airspace depth of 3.5 
inches. Although this data is used to predict the cavity R- 
Value of airspaces with a depth of up to 5.5 inches, it must 
be noted that this is an extreme extrapolation of the 
original data base. This extrapolation was used on test 
results from Test Panels 12A and 13A. The cavity thermal 
resistance predictions on data gathered on these two test 
panels is not included in any of the following discussions 
because an adequate prediction of the cavity thermal 
resistance for these panels is unavailable at this time. 
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The predicted cavity thermal resistance, calculated 
from curve-fit coefficients for a temperature difference of 
30F, are summarized below. Included in this table are 
cavity thermal resistances determined by the R(( I) and 
R(IS0) methods. Although listed in'this table, results from 
test panels 12A and 13A are not included in any subsequent 
analysis. 

Summary of Differences Between the Predicted and Measured 
Cavity Thermal Resistances 

Panel 

1A 2.39 2.42 2.51 4.6 3.4 
1B 4.68 4.78 6.21 24.6 23.0 
2A 2.60 2.58 2.58 -0.7 0.1 
2B 5.37 5.44 6.73 20.3 19.2 
2c 5.95 5.83 16.05 62.9 63.7 
3A 2.77 2.83 2.56 -8.3 -10.6 
3B 5.82 5.85 6.76 13.9 13.4 
3c 6.13 6.17 16.06 61.8 61.6 

11A Up 2.00 2.06 2.01 0.4 -2.6 
11A Down 7.85 7.70 8.04 2.4 4.3 
12A Up 1.80 1.84 1.92 6.3 4.2 
12A Down 7.34 7.11 5.07 -44.9 -40.3 
12B Down 17.48 15.23 24.23 27.9 37.2 
13A Up 1.93 1.97 1.90 -1.6 -3.7 
13A Down 7.48 7.34 5.05 -48.0 -45.3 
13B Down 16.03 15.23 24.23 33.8 37.1 

R (dT = 30F), hr ft2 F/Btu % Difference 

Rc( Rc(ISO~ Rc(IS0) Rc(ll) 

13.1 EFFECT OF TEMPERATURE DIFFERENCE ON CAVITY THERMAL 
RESISTANCE 

To test the effect of cavity temperature difference on 
the accuracy of the cavity thermal resistance measurement, 
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all of the differences between the calculated cavity and the 
predicted R-Value data for one-airspace cavities were 
plotted as a function of cavity temperature difference and 
are shown in Figure 29. This analysis was limited to just 
the one-airspace systems because dissimilar cavity 
temperature differences were used for test panels with 2- 
and 4-airspace cavities. Data from Test Panels lA, 2A, 3A, 
and 11A were utilized for this analysis. For cavity 
temperature differences of 20F or greater, the ability to 
measure the temperature difference does not appear to 
significantly impact the quality of the measurement. A 
cavity temperature difference of 20F or greater should be 
used when analysing these products. 

13.2 EFFECT OF HEAT FTtOW DIRECTION ON CAVITY THERMAL 
RESISTANCE 

. 

The percent difference between the predicted and 
measured cavity thermal resistance as a function of the test 
heat flow direction is shown schematically in Figure 30 and 
is summarized below. The thermal resistances for the 
prediction (Rpr) and measured cavity (RI I and RIso) were 
determined using the curve-fit coefficients and were 
calculated for a 30F cavity temperature difference. Results 
from Test Panels 12A and 13A are excluded from these 
comparisons. 
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Figure 29: The percent difference between the average 
predicted and measured cavity thermal resistances for l- 
airspace cavities as a function of the cavity temperature 
difference calculated by the parallel path and isothermal 
planes methods. 
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The percent difference between the average 
and measured cavity thermal resistances as a 

function of the heat flow direction calculated by the 
parallel path and isothermal planes methods. 
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Differences Between the Predicted and Measured [(Rc(l I) and 
Rc(ISO)J Cavity Thermal Resistance as a Function of Heat 

Flow Direction 

Panel 

All Data (Excluding 12A and 13B) 
Horizontal (1A - 3C) 
Vertical (llA, 12B, 13B) 
Down (llA, 12B, 13B) 
UP (1lA) 

% 
IsiL.LL Rc(IS0) 

21.8 23.0 
24.6 24.4 
16.1 20.3 
21.4 26.2 

0.4 2.6 

Note : % Difference - [(Predicted-Measured)/Predicted]*loo 

The average difference for all the experiments was 21.8 
and 23.0 percent for the parallel path (RI ,) and and 
isothermal planes (RIso) models respectively. Differences 
based on the parallel path calculations for smaller data 
sets were 24.6 and 16.1 percent for the horizontal and 
vertical heat flow experiments respectively and 21.4 and 0.4 
percent for the heat flow down and heat flow up experiments. 
For the isothermal planes model, the differences between the 
predicted and measured cavity thermal resistances were 24.4 
and 20.3 percent for the horizontal and vertical heat flow 
experiments respectively and 26.2 and 2.6 percent for the 
heat flow down and heat flow up experiments. 

The agreement between the measured and calculated 
cavity thermal resistance for the heat flow up experiments 
is excellent (better than 5 percent). For the other heat 
flow directions, the agreement is poor. However, the heat 
flow up direction included only single airspace cavities 
while the other heat flow directions contain data from 
multiple airspace cavities. When a mixture of cavities with 
a variable number of airspaces is averaged, there does.not 
appear to be a significant difference in the agreement 
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between the predicted and measured cavity thermal resistance 
as a function of heat flow direction. 

33.3 EFFECT OF NUMBER OF AIRSPACES ON CAVITY THERMAL 
RESISTANCE 

The percent difference between the predicted and 
measured cavity thermal resistance as a function of the 
number of airspaces comprising the cavity is shown 

'schematically in Figure 31 and is summarized below. The 
curve-fits, calculated for a temperature difference of 30F, 

were again utilized for this comparison. 

t Difference Betw%een the Predicted and Measured Cavity Thermal 
Resistance as a Function of the Number of Airspaces 

Comprising the Cavity 

Panel 

All Data (Excluding 12A and 13A) 
1 Airspace (lA, 2A, 

Airspaces 
3A, 11A) 

2 (lB, 2B, 3B) 
4 Airspaces (2C, 3C, 12B, 13B) 

21.8 23.0' 
3.3 4.2 

19.6 18.6 
46.6 49.9 

Note: % Difference - [(Predicted-Measured)/PredictedJ*lOO 

Both measured results determined by the two calculation 
methods agreed extremely well with the predicted thermal 
resistance for single airspaces: 3.3 percent for Will 
method and 4.2 percent for the R(IS0) method. The predicted 
thermal performance of the two- and four-airspace cavities 
were significantly higher than either measured values by. 
either calculation method. Average differences of 19.6 'and 
18.6 percent for the two-airspace cavities and 46.6 and 49.9 
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Figure 31: The percent difference between: the average 
predicted and measured cavity thermal resistances as a 
function of the number of airspaces comprising the cavity 
calculated by the parallel path and isothermal planes 
methods. 
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percent for the four-airspace cavities were noted for the 
parallel path and isothermal planes models respectively. 

13.4 EFFECT OF FRAMING MATERIAL ON CAVITY THERMAL 
RESISTANCE 

The percent difference between the predicted and 
measured cavity thermal resistance as a function of the the 
framing material and the number of airspaces comprising the 
cavity is shown schematically in Figure 32 and is summarized 
below. As with the previous sections, the curve-fits, 
calculated for a temperature difference of 3OF, were used 
for this comparison. 

Difference Between the Predicted and Measured Cavity Thermal 
Resistance as a Function of Framing Material 

Panel 
% Difference 

Rco Rc(IS0) 

XEPS; All (lA, lB, 3A, '3B, 3C; llA, 13B) 18.7 19.5 
XEPS, 1AS (lA, 3A, 11A) 3.9 5.2 
XEPS, 2AS (lB, 3B) 19.3 18.2 
XEPS, 4AS (3C, 13B) 47.8 49.4 

Wood, All (2A, 2B, 2C, 12B) 27.9 30.0 
Wood, 1AS (2A) 0.7 0.1 
Wood, 2AS (2B) 20.3 19.2 
Wood, 4AS (2C, 12B) 45.4 50.4 

Note: % Difference = [(Predicted-Measured)/Predicted]*lOO 

The average differences beween the predicted and 
measured cavity R-Values (by the R(] 1) method) for XEPS and 
wood studs were 18.7 and 27.9 percent respectively, For the 
XEPS framing members, the average differences for the l-, 
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Figure 32: The percent difference between the average 
predicted and measured cavity thermal resistances as a 
function of the framing material and the number of airspaces 
comprising the cavity calculated by the parallel path 
method. 
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2-t and 4-airspace R-Values were 3.9, 19.3, and 47.8 percent 
respectively. For the wood framing members, the average 
differences were 0.7, 20.3, and 45.4 percent respectively. 

For the R(IS0) method, the average differences beween 
the predicted and measured cavity R-Values for XEPS and wood 
studs were 19.5 and 30.0 percent respectively. For the XEPS 
framing members, the average differences for the l-, 2-, and 
4-airspace R-Values were 5.2, 18.2, and 49.4 percent 
respectively. For the wood framing members, the average 
differences were 0.1, 19.2, and 50.4 percent respectively. 

The agreement between the predicted and measured cavity 
R-Values was better for test panels constructed. with XEPS 
framing materials. This difference in the overall averages 
is in part due to the fact that there was a larger number of 
l-airspace data weighted into the overall average for XEPS 
studs. As can be seen from the individual airspace data, 
there is little systematic difference between the wood and 
XEPS stud framing. 

As the number of airspaces forming the cavity 
increases, the heat flow through the stud becomes a larger 
percentage of the total heat flow and any errors due to 
uncertainities in the stud thermal resistance should be 
magnified. For any particular configuration, the heat flow 
correction due to ,the framing members is significantly 
smaller for the XEPS studs due to its higher thermal 
resistance. The inability to note any significant 
improvement in the prediction of the cavity thermal 
resistance due to a reduction in the stud heat flow by 
substituting a high resistance material for the stud 
suggests that accurate information regarding the thermal 
resistance of the framing material was obtained. If this 
information is unavailable, reducing the stud heat flow by 
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material substitution would reduce the importance of this 
lack of knowledge; 

14. HANDBOOX ON REFLECTIVE INSULATIONS FOR RESIDENTIAL AND 
COMMERCIAL USES 

. 

An important goal of Department of Energy in its funded 
research programs is to ensure that the results are 
communicated to the appropriate technical and consumer 
audience. In the case of work related to energy 
conservation in buildings, those most directly involved are 
the architect, designer, home builder, weatherization 
contractor, and the ultimate building/home owner. 

In order to attain this goal for the present study, one 
of the tasks was the preparation of a draft booklet on 
reflective insulations. Subsequently this would be printed 
and distributed widely by DOE to the above group, as one in 
its series of informational fact sheet publications relating 
to energy conservation. 

The contents of the proposed booklet, while including 
some brief theoretical background, were to emphasize 
practicality. In particular, it would discuss thermal 
performance both in the laboratory and when installed in a 
building, the effects of framing members on performance, 
specific circumstances relating to applications and use of 
reflective and bulk insulations and would include, where 
relevant, some of the results of the current experimental 
program. The basic criteria of the approach were relative 
simplicity of text accompanied with numerous illustrations. 

A table of measured cavity R-values of building 
envelope systems containing low emittance airspaces was 
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included in the handbook. The data supplied in this table 
was derived from this experimental work. The numerical 
values in this table were determined by averaging all of the 
appropriate Rcj 1 (30) values (see Table 27) for the 
configuration in question. For example, the cavity R-value 
reported for a 2 x 4 inch cavity with horizontal heat flow 
(R = 2.6 hr ft2F/Btu) was determined by averaging the 
Rcl ,(30) values for test panels lA, 2A, and 3A (2.42, 2.58, 
and 2.83 hr ft2F/Btu) respectively. 

The final draft of this booklet is attached as. Appendix 
C. 

15. THE ADVISORY PANE& 

l 

An Advisory Panel of industry experts was established 
to oversee the performance of this program. Individuals 
from industry, government, and academia were invited to 
participate. Each member of the panel had some relevant 
experience in the subject' of reflective insulations. The 
invited members are listed in Table 30. The membership list 
includes reflective insulation manufacturers, a 
representative from the Reflective Insulation Manufacturers 
Association U-W r mass insulation manufacturers, 
individuals who have performed experimental and /or 
analytical work involving reflective insulations, government 
officials involved in the enforcement of the R-Value 
labelling requirements, and the project monitors. 

The purpose of the Advisory Panel was to comment on the 
experimental plan, monitor the progress of the 

experimentation by receiving periodic updates of the data as 
it was being accumulated, comment on the development and 

149 



Table 30 

REFLECTIVE INSULATIONS ADVISORY PANEL MEMBERSHIP 

Mr. Monty Millspaugh 
Reflectix, Inc. 
1 School Street 
Post Office Box 108 
Markleville, IN 46056 
(317) 533-4332 

Mr. Roy Akers 
RIWA 
5455 N. Irwindale Avenue 
Irwindale, CA 91706 
(714) 622-0662 

Mr. Philip Fairey 
Florida Solar Energy Center 
300 State Road 401 
Cape Canaveral, FL 32920 
(305) 783-0300 

Mr. Kent Howerton 
Federal Trade Comision 
6th and Penn Avenue, WW 
Washington, DC 20580 
(202) 326-3013 

Dr. David McElroy 
Martin Marietta Energy Systems 
Oak Ridge National Laboratory 
Post Office Box X 
Oak Ridge, TN 37831 
(615) 574-5976 

Dr. David Yarbrough 
Tennessee Technological Univ. 
Post Office Box 5013 
Cookville, TN 38505 
(615) 574-5139 
(615) 372-3494 

Mr. John Mumaw 
Owens-Corning Fiberglas Corp. 
Post Office Box 415 
Granville, OH 43023 
(614) 587-0610 

Dr. Gerry Miller 
Jim Walter Research Corporation 
10301 9th Street North 
St. Petersburg, FL 33702 
(813) 576-4171 

Mr. Roy Reinhart 
Bonneville Power Administration 
Post Office Box 3621 RWRD 
Portland, OR 97208 
(503) 230-5491 

Mr. Paul Juneau 
Alfol, Inc. 
Post Office Box 7024 
Charlotte, NC 28217 
(704) 588-2170 

Dr. Ken Wilkes 
Martin Marietta Energy Systems 
Oak Ridge National Laboratory 
Post Office Box X 
Oak Ridge, TN 37831 
(615) 574-5931 

Mr. Andre Desjarlais 
Bolometrix, Inc. 
99 Erie Street 
Cambridge, MA 02139 
(617) 868-8050 
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content of the Reflective Insulation Handbook, and assist in 
the development of a list of additional tasks which were 
required to fully understand the thermal performance of 
reflective insulation materials. 

The Advisory Panel officially met on six occasions. 
Five of 'these meetings were held in conjunction with an ASTM 
C 16 meeting: October 1987 in Toronto, April 1988 in 
Atlanta, and September 1988 in Tucson, April 1989 in Kansas 
City, and October 1989 in Hartford. The sixth meeting was 
convened in February 1988 at Holometrix. A representative 
from Holometrix did not attend the Kansas City meeting due 
to travel delays. Agendas and minutes of the meetings, 
along with 'handouts that were circulated at the meetings, 
are presented in Appendix D. 

The initial meeting in Toronto was convened shortly 
after the contract award. The purpose of this meeting was 
primarily informational. The panel was updated on the 
program goals, the experimental plan, and the assumptions 
that were made in the development of the plan. The second 
meeting at Holometrix was held so that the members could 
view the laboratory facilities, test panels, and proposed 
instrumentation plan. At this meeting, it was decided to 
poll the members on their opinions of additional work which 
would assist in the understanding of the thermal performance 
of reflective insulation materials. 

\A ballot was circulated to the attendees requesting a 
prioritization of nine previously identified areas of 
further study, their estimate of the required effort to 
satisfy the requirement, and the identification of any 
additional items that should be included on the list. 
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The third meeting, held in Atlanta, was used to update 
the members on the experimental work, the ballot results, 
and the status of the handbook. A scoring system had been 
developed to rank the ballot items. A high priority item 
was given a low score. Two research items, a reproducibilty 
experiment and an experiment to determine the effect of 
fasteners, were identified through the balloting process as 
b,eing critical in the view of the panel. These two items 
were removed from the ballot, additional items identified 
during the first ballot were added, and a second ballot was 
circulated shortly after the Atlanta meeting. 

The fourth meeting, held in Tucson, was used to 
continue the discussions on the handbook, update the panel 
on the growing data compilation, and to discuss the second 
ballot. Prior to this meeting, the first draft of the 
handbook had been severely critisized. A format for the 
second draft was agreed upon. The second ballot results 
indicated no clear preferences regarding the priority of the 
tasks listed on the ballot. 

Discussions at the fifth meeting primarily addressed 
the form and style of the handbook. The final meeting of 
the Advisory Panel, held in October 1989, discussed the 
second draft of the final report. 

16. RECOMMENDED TEST PROTOCOL FOR REFLECTIVE INSULATIONS 

The test panel design and testing procedure used in 
this program addresses all of the special requirements 
involved in measuring reflective insulations and determining 
the cavity or reflective insulation thermal resistance. 'The 
experience gathered to date is limited to the use of guarded 
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hot boxes: however, most of this experience can be directly 
incorporated into test plans using calibrated hot boxes. 

16.1 THE TEST PANET, AND INSTRUB@NTATION 

The recommended test panel configuration does not need 
to be strictly detailed. This program has demonstrated that 
there does not appear to be a significant amount of 

interaction between the studs and the cavity: this finding 
suggests that the selection of stud material and spacing is 
not critical. However, the effect of stud spacing has not 
Yet been quantified and, until this information' is 
available, it is recommended that different stud spacings be 
measured separately. 

The present study indicated that there was no 
significant difference in the derived cavity thermal ' 
resistance from test panels fabricated from XEPS and wood 
studs. Each stud type offers advantages. Since the XEPS 
studs are more thermally resistive, any uncertainty in the 
stud thermal resistance impacts results on test panels 
fabricated with XEPS studs to a lesser extent. From an 
accuracy standpoint, XEPS studs are therefore recommended. 
However, the difficulty involved in the attachment of 
reflective insulation products to XEPS studs suggests that 
wood studs would reduce the cost of test panel construction. 
From a cost standpoint, wood studs are preferred. 

The thermal resistance of the building materials used 
to construct the test panel must be accurately measured. 
ASTM C 518 has been ,found suitable for this purpose. 
Handbook thermal performance values should not* be 
substituted for direct measurements; differences of up to 
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nine percent between measured and handbook values for the 
building materials used in this test program were found. 

The method of holding the sheathing in place (screws 
for wood studs, nylon threaded rod for XEPS studs) should be 
simulated in the preparation of the material R-Value test 
sample. This data more directly represents the thermal 
resistance of the stud as it is used in the test panel. 

Internal temperature instrumentation must be applied to 
the inside of each sheathing material and ideally on each 
major internal surface. For the test facilities used in 
this program, it was experimentally determined that 
instrumenting one cavity with a three by three array of 
temperature sensors was found to be sufficient for measuring 
an average temperature for the instrumented surface. This 
finding should be verified on other test facilities prior to 
utilizing this recommended internal instrumentation layout. 
See Figures 9 through 13 for recommended instrumentation 
layouts. 

Temperature instrumentation must be applied to at least 
one stud in the metering area to acurately measure the 
average temperature difference across the studs in the 
metering area. Instrumenting a single stud with a pair of 
temperature sensors on each side was found to be sufficient 
for this purpose. 

For guarded hot boxes, the use of convective blocks is 
essential. The layout of these blocks is shown 
schematically in Figure 4. Temperature instrumentation 
should be applied across the convective blocks and framing 
materials forming the perimeter of the metering area. ' See 
Figures 9 through 13 for recommended metering area perimeter 
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instrumentation layouts. The thermal resistance of the 
convective blocks and framing materials should be measured 
using the same procedures detailed for the building 
materials and this information, coupled with the temperature 
difference measurements across the convective blocks and 
framing materials, should be used to correct the metering 
area energy input. 

16.2 THE TEST PROCEDURE AND DATA ANALYSIS 

All experimentation performed for this program was 
undertaken in accordance with ASTM C 236. All of the 
requirements of the test method must be satisfied. Although 
present regulations require that testing be performed at a 
single temperature difference, it is recommended that 
multiple temperature differences be analysed. Additional 
testing assists the testing organization in guaranteeing 
that the test results are correct, and helps the 
manufacturer and user in understanding how these products 
will perform in service. 

The cavity thermal resistance should be determined 
using the procedure outlined in the proposed ASTM standard 
specification for reflective insulations, the parallel path 
method. Although the two analytical procedures' yielded 
comparable results for the cavity thermal resistance, the 
isothermal planes method is more dependent on the 
precharacterization of the building materials. 

To verify the test results and supplement the existing 
data base, it is recommended that the cavity of the test 
panel under test be compared to the predicted cavity thermal 
resistance. 
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17. CONCLUSIONS 

The objectives of this program were to develop an 
acceptable test and evaluation protocol for reflective 
insulations, generate an initial data base on idealized 
reflective systems and extend the data base to include a 
limited number of commercial products. 

The standard ASTM C 236 guarded hot box test procedure 
has been modified such that the cavity thermal resistance 
can be extracted from the test panel result. These results 
have also been compared to the widely accepted airspace 
thermal resistance data presently in the ASHRAE Handbook of 
Fundamentals. 

The conclusions of this program have been subdivided 
into three sections. These sections address the 
experimentation techniques and' test panel results, 'the 
derivation of the cavity thermal resistance from the test 
panel results, and the comparison of the derived and the 
predicted cavity thermal performance. 

17.1 THE EXPE-NTAL PROCEDURE AND THE TEST PAN= RESULTS 

1. Additional instrumentation has been added to the 
standard ASTM C 236 test method to measure the amount of 
energy exchange between the metering and guard area inside 
of the test panel. The average metering to guard area 
energy exchange was less than 0.1 percent of the total 
metering area energy input. The highest exchange was 5.4 
percent. ASTM C 236 guarded hot boxes can accurately 
measure test panels with large convective heat transfer 
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components if the test panels are modified in the manner 
used for this program (Section 10, pp. 63-69). 

2. Experiments were performed on four test panels 
whose cavities were filled with mass insulation. For test 
panels constructed with XEPS studs, the test panel R-Values 
for 3 l/2 and 5 l/2 inch deep cavities were 12.21 and 17.27 
hr ft2 F/Btu respectively. Substituting wood for XEPS studs 
decreased the test panel R-Value to 9.75 and 14.27 hr ft2 
F/Btu, or 25 and 21 percent respectively (Section 11.1, pp. 
75-76). 

3. For test panels constructed with XEPS studs and 
tested with horizontal heat flow, the test panel thermal 
resistance decreased 27 percent when' the temperature 
difference imposed across the test panel was increased by a 
factor of 5, and generally increased with the number of 
airspaces comprising the cavity. The ratios of 4- and 2- 
airspace cavities to l-airspace cavities were approximately 
1.8 and 1.9. The structure of the 4-airspace commercial 
product may negatively contribute its thermal performance. 
The test panel thermal resistance increased by 11 to 16 
percent when decreasing the effective emittance of the 
cavity from 0.05 to 0.03 (Section 11.2, pp. 76-79). 

4. For test panels constructed with wood studs and 
tested with horizontal heat flow, the test panel thermal 
resistance decreased 26 percent with a five-fold increase in 
temperature difference. The ratios of the 4- and 2-airspace 
cavities to the l-airspace cavity was identical to the XEPS 
stud test panels (Section 11.3, pp. 80-82). 

5. For test panels tested with vertical heat flow, the 
test panel thermal resistance decreased 25 and 13 percent 
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for heat flow up and down respectively when the test panel 
cavity temperature difference was increased by a factor of 

5, increased by a factor of 2.7 to 2.9 when changing the 
heat flow direction from up to down, and increased by a 
factor of approximately 1.8 when increasing the number of 
airspaces in the cavity from 1 to 4 (Section 11.4, pp. 82- 
89). 

6. For single airspace cavities, the test panel 
thermal resistance decreased 0.2 percent per degree F 
increase in mean temperature and varied from 3.46 to 3.04 to 
8.99 hr ft2 F/Btu for heat flow horizontal, up, and down 
respectively (Section 11.5, pp. 89-92). 

7. The test panel thermal resistance increased by 0.4, 
0.9, and 1.0 hr ft2 F/Btu for l-, 2-, and 4-airspace 
cavities when substituting XEPS for wood studs (Section 
11.8, pp. 96-97). 

8. Testing was performed at as many as six different 
temperature differences. Multiple testing provides a 
mechanism to describe the thermal resistance as a function 
of temperature difference through curve-fitting, which 
assists the tester, manufacturer, and analyst. 

17.2 DETERMINATION OF THE CAVITY THERMAL RESISTANCE 

To accurately compare reflective insulation to other 
insulation types, the cavity thermal resistance must be 
accurately separated from the test panel result. Two 
analytical procedures labelled R(I I) and R(IS0) are outlined 
for this purpose and applied to the test panel results. 
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1. The cavity thermal resistance determined from four 
test panels insulated with R-11 and R-19 fiberglass batts 
were within +/- 9 percent of the directly measured thermal 
resistance of the materials and averaged 3.8 and 5.8 percent 
different for the R(I I) and R(IS0) methods respectively. 
These results satisfy the acceptance criteria proposed in 
the draft ASTM material specification for reflective 
insulations for verifying the performance of the test panel. 
The agreement between the derived and directly measured 
thermal resistance is better for test panels constructed 
with XEPS studs by approximately 2 percent (Section 12.1, 
pp. 106-110). 

2. For horizontal heat flow, the 2- and a-airspace " 
cavity R-Values are 2.1 and 2.3 times greater than the l- 
airspace R-Value. There is excellent agreement between the 
two calculation techniques for cavity thermal resistances 
less than 6 hr ft2 F/Btu; differences are typically less 
than 2 percent and average approximately 1 percent. For 
similar constructions, the cavity R-Value derived from the 
test panels constructed with XEPS studs is higher than its 
counterpart constructed .with wood studs. Differences of 
approximately 6, 8, and 3 percent were noted for l-, 2-, and 
cl-airspace cavities respectively (Sections 12.2 and 12.3, 
pp. 111-116). 

3. For vertical heat flow, the average agreement 
between the two calculation techniques is good, averaging 
about 6 percent different. The 4-airspace cavities exhibit 
the highest cavity thermal resistance measured in this 
project, R = 17.5, and the greatest variation (approximately 
9 percent) based on calculation method. The 4-airspace 
cavity is approximately 2.2 times more resistive than an 
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equivalent l-airspace cavity evaluated with heat flow down 
(Section 12.4, pp. 116-120). 

4. The parallel path method requires accurate 
information regarding the heat flux through the stud: 
precise measurements of the stud R-Value and temperature 
difference across the stud are essential. The average heat 
flow through the stud for all experiments was 7.1 percent, 
ranging from a minimum of 3 percent for l-airspace XEPS test 
panels to 20 percent for 4-airspace wood test panels. The 
XEPS test panels transferred only 31 percent of the stud 
heat flow measured on wood test panels (Section 12.5, pp. 
121-124). 

5. The calculation techniques exhibit their best 
agreement for cavity R-Values of approximately 4 hr ft2 
F/Btu. At lower cavity R-Values, the R(IS0) method 
predicted higher cavity R-Values; lower cavity R-Values were 
determined by 'the R(IS0) method as the cavity R-Value 
increased above 4 hr ft2 F/B~J (Section 12.6, pp. 124-128). 

17.3 COMPARISON OF THE MEASURED AND PREDICTED CAVITY 
THERMAL RESISTANCE 

The prediction technique used in this program is 
presently limited to cavities having a maximum depth of 3.5 
inches. Discussions in this -section are therefore 
controlled by this limitation. 

1. A cavity temperature difference of at least 20F 
should be used when analysing these products. Below 20F, 
the effect of the temperature difference significantly 
impacts the quality of the measurement. This criteria 

160 



should be applied to the cavity and not the test panel as it 
presently is employed in the FTC Trade Regulations (Section 
13.1, pp. 138-139). 

2. The average difference between the predicted and 
measured cavity thermal resistance for all the experiments 
performed was approximately 22 percent. As a function of 
the number of airspaces, the differences between the 
predicted and measured cavity thermal resistances were 
approximately 4, 19, and 48 percent for the l-, 20, and 4- 
airspace cavities respectively. With the exception of two 
l-airspace cavities, the predicted cavity thermal resistance 
is always higher than measured result. Multiple airspace 
cavities did not perform in a manner that can ,be predicted 

by summing nominally equivalent single airspace data 
(Section 13.2, pp. 139-143). 

3 
3. The agreement between the predicted and measured 

cavity thermal resistance is not significantly impacted by 
the stud material used in the test panel construction. The 
agreement between the prediction and the measured cavity R- 
Value was slightly better for l- and 4-airspace cavities 
derived from test panels constructed with wood studs while 
the agreement for the 2-airspace cavities was better with 
test panels constructed with XEPS studs (Section 13.4, pp. 
145-148). 

18. RECOMMENDATIONS 

Following the format of the Conclusions section, this 
section has been subdivided into three subsections: test 
procedure and panel results, derivation of cavity thermal 
performance, and comparison to predicted cavity thermal 
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performance. The Advisory Panel developed a list of 
additional research required to fully understand the thermal 
performance of reflective assemblies. Since a number of 
these recommendations were beyond the scope of this project, 
they are not listed in this section. See pages C-20 and C- 
24 for a complete listing of the Advisory Panel's 
recommendations. Based on the conclusions obtained from 
this program, the following recommendations are made. 

18.1 THE EXPERIMENTAL PROCEDURE AND THE TEST PANEL RESULTS 

1. ,ASTM C 236 guarded hot box test method should be 
modified to include additional internal temperature 
instrumentation to measure the metering-to-guard energy 
balance when testing test panels which have a significant 
convective heat transfer component. A procedure for 
correcting any imbalance should be included. The proposed 
reflective insulation material specification should also 
include this requirement. 

2. Tests on a homogeneous mass insulation has been 
used to determine the reproducibility of the guarded hot box 
test. These tests should be performed on a test panel 
insulated with reflective insulation. Given the manual 
effort required to install reflective insulation 
reproducibly, it is recommended that the ability to 
accurately repeat the installation process be tested. 

3. Different types of fasteners were required to 
construct the XEPS and wood stud walls. Experiments should 
be performed to determine if a systematic bias has been 
introduced due to the fastener. 
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4. All of the experimental work was performed under 
steady-state conditions. Given the sensitivity of the 
thermal resistance of airspaces to temperature difference 
and heat flow direction, an in-situ experiment is required 
to determine how applicable steady-state data is to actual 
applications. 

5. Multiple experiments with varying temperature 
differences should be considered to quantify the thermal 
performance of reflective insulations. 

18.2 DETERMINATION OF THE CAVITY THERMAL RESISTANCE 

1. The cavity thermal resistance was determined from 
the test panel experiments using one-dimensional analyses. 
A more sophisticated analysis procedure should be applied to 
the data base to validate the conclusions derived from the 
simplified models. 

2. The issue of airspace aspect. ratio was not 
addressed as originally intended. The original plan 
included a comparison of the individual airspaces in the 
multi-airspace cavities. Since the multi-airspace cavities 
did not thermally perform as anticipated, these comparisons 
could not be made. Further experiments on test panels 
designed to create specific aspect ratios should be 
considered. Testing in a calibrated hot box should also be 
considered to extend the aspect ratio data base. 

3. No direct comparison of commercial and idealized 
airspaces has been undertaken. The present data base 
suggests that significant improvements can be obtained 
through a redesign of the commercial product. A direct 
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comparison with an equal number of airspaces would measure 
the potential energy savings due to product redesign. 

4. The temperature conditions used in performing the 
bulk of the experimental work were not typical of southern 
climates where reflective insulations have their largest 
market share. Extension of the data base to include 
temperature conditions typical of southern climates is 
required. 

5. The present program included measurements on 
cavities with up to 4 airspaces. Reflective insulations are 
produced with up to 9 airspaces installed in deeper cavities 
than measured in this program. Additional experiments to 
cover the range of products should be considered. 

6. To develop a better understanding of the multi- 
airspace systems, further experiments on test panels with 
multiple airspaces of varying effective emittance should be 
considered to determine whether their unanticipated thermal 
performance is due to the radiative heat transfer 
coefficient. 

18.3 COMPARISON OF THE MEASURED AND PREDICTED CAVITY 
THERMAL RESISTANCE 

1. The existing prediction method is limited to a 
maximum cavity depth of 3.5 inches. The useful range of 
this method should be expanded to at least 5.5 inches. 

. 

2. XEPS studs should be used in test panel 
construction .because their higher thermal resistance reduces 
the necessity to accurately determine the stud temperature 
differences and thermal resistance. 
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APPENDIX A 

PROPOSED STANDARD SPECIFICATION FOR 
"REFLECTIVE INSULATION FOR BUILDING APPLICATIONS" 
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I July 1. 1989 

WGRKIXG DGCl;ME.YT FOR ASTX CO?(RITTEE USE ONLY. 
KU? FUR PCBLICATIOti EXCEPT AS EXPRESSLY APPROVED 

BY ‘TKE CHAlK3IAl UP rHE CUWlTTEE. OR TKE EXECUTIVE 
SECRETARY OF TKE SOCIETY. 

STASUAKD sPiicIvfc,\r[us FOR 
KEFLECTiVU 1XSULATlGR FUK DUlLDlNO APPLICATIUSS 

(Tli 102) 

1.0 SCOPE ----- 
1.1 This specification covers tne general requirements 

and physical properties of reflective insulations 
for use ln bui:aing appiications. These insulation 
materials consist of one or more low emittance 
surfaces, such as merailic foil or retailic 
deposits. unmounted or mounted on substrates. 
Reflective insuiations tierive thei! thermal 
performance from surfaces with an emittance of 0.1 
or iess. facing enclosed air spaces. 

1.2 This standard may invoive hataroous mntertals. 
operations. and equipment. This standard rloes not 
purport to address ali of the safety probiems 
askociated with its use. it Is the responsibility 
of users of 
safety and 

this standard to establisn appropriate 
beai th practices and determine the 

applicability of regulatory iimitations prior .to 
use. 

2.0 REYFRE^SCED DOCUXERTS ---------- --------- 
2.1 ASTM Standards: 

c 166 Definitions of ‘Terms Reiating to Thermal 
Insulating Rateriais.A 

c 177 Standard Test Nethod for Steady-.S&ate Rsat 
Flux Measurements and Thermal Transmission 
Properties by Means of the Guarded-Rot-Plate 
Apparatus .f 

c 236 Test lethod for Steady State Thermal 
Performance of Quliding Assembiies by means 
of a Guarded Hot Box.& 

C 390 Standard Crlterla for Sampling and 
Acceptance of Preformed Thermal tnsuiotlon 
Lots .: 

-------------------- 
1 ‘Th!J Ypeclf!cotion is under the furisoiction ot! AST?! 

Committee C-16 on Thermal lnsuiation and is the direct 
responsibility of subcommittee C16.21 on Ke!‘Iective 
insulations. 
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c 318 Standard Test Xethod for Steady State Heat 
Flux Measurements and Thermal Transmission 
PropertlcsLby Means of the lleat Flow !4eter 
Apparatus. 

c 727 Recommended Practice for L’se of Reflective 
Insulation in Bullaing Constructions.& 

c S76 Recoaaended Test Yethod for Theranl 
Perforaance of Ouilding Assenblies oy Means 
of a Callbratcd Hot Box.2 

D 3310 Recommended Practice for Deterslning 
Corrosivity of Adherlve Materials.~ 

E 84 Recommended Method of Test for Surface 
Burning Characteristics of 
Materia1s.Y 

Bui Iding 

E St5 Recommended Test .Nethods for 
Transaissfon of Materlals.z 

Water Vapor 

E -103 Test lethod for Total Sormal Emittance of 
Surfaces using Inspection-ketcr Ttrchniques.Y 

2.2 Other Docuacntr. 

FTC 16 CFR Pnrt 4SO: Labeling and Advertising of 
Home lnsulatlon. 

ASHRAE Handbook of Fundanentals. American Society 
of Heating. Refrigeration. and Air Conditioning 
Engineers. 

HHP 32: “The Thermal insulating vsiue of 
Airspaces”. U.S. Governacnt Printing Office 1934. 

Building Materials and Structures Report 151: 
The real Resistance of Air Spaces and Fibrous 
Insulation8 Bounded by Reflective Surfaces”. U.S. 
Department of Coanerce, 1957. 

Tappi Standard T 512 or-88: Crcaslng of Flexible 
Packaging Material Paper Specimens for Testing. 

MIL-STD-BIOD, 10 July 1989, Hethod 308.3 fUSGUS: 
Environnental Test Methods and Englneerlng 
Ouldellnes. 

----------------I-- 

2 Annual Book of ASTM Standards, Section 4. Voi. 04. 06. 

3 Annual Book of ASTM Standards, Vol. 15.06. 

4 Annual Book of ASTM Standards. Vol. 04.07, 

. 
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3.0 ---L-L ----- TERYIVOLOGY 

3.1 ASTM Definitions. C 168 shall apply to the terms of 
this specification. 

3.2 Terms specific to this specification: Reflective 
lnoulation - thermal lnsulatlon conslsclng of 
one or more low eaittance surfaces. bounding one 
or aorc enclosqd air spaces. 

4.0 ORUEHI’iG IYFUR’lATlON ------L- -I--,‘,,-,- 

4.1 Prior to purchase, for sanpl ing and acceptance 
procedures ASTM C 39U can be agreed to by purchaser 
and manufacturer. 

4.2 Specify the required thermal resistance by direction 
heat flow. 

4.3 Specify the width. depth and total area to be 
insulated. 

4.4 Specify special rarkings if required. 

5.0 XATERIALS AIVU YANUFACTCHE --------- --- ‘---------- 

Reflective insulation materials shall c,onsist of low 
emittance surface(s) in combination with substrates and 
adhesives required to meet the specified thermal 
perforaance and physical properties. 

6.0 PHYS’Cl& REQUIREMENTS -- --------- 

6.1 The low enittance q ateriais shall conform to the 
physical properties 1 isted in Table 1 and local 
building codes. 

6.2 The reflective insulation must have the following 
physical characteristics. 

6.2.1 Water Vapor Transmission: If the reflective 
insulation 18 to serve ar a vapor retarder. 
the permeance of the 8aterial shall not 
exceed 1 pera. as deterained in accordance 
with ASTM E 96. 

6.2.2 Multiple layer reflective insulations shall 
be designed to attain the intended 
separation of layers ln normal application. 
such multiple layer insulation’shall form an 
attachment flange sultable for stapling or 
other means of attachment. 
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6.2.3 Widths: Insulatlon shall be furnished in 
widths to fit between framing members set at 
spacings standard in the construction 
industry, or as specifically agreed upon 
between producer and buyer. 

6.2.4 Surface burning characteristics shall be 
determined in accordance with ASTM E 04 in 
a configuration consistent with the intended 
application. 

6.2.5 Corrosivity: The laminates of the 
reflective insulation shall be tested in 
accordance with ASTM II 3310. Evidence of 
corrosion shall be cause for rejection. 

6.2.6 Adhesive Performance: 

S,Z&SAl ------- Bleeding - Adhesives when used in 
bonding shall show no sign of bleeding when 
tested in accordance with the test 
procedure In section 9.2.1. Bleeding at cut 
edges aay be disregarded. Bleeding or 
delamination. covering over 2% of the sample 
area, shall be cause.for rejection. 

6,2,8,2 PUabilltr - Specimens tested in 
accordance with the test procedure in 9.2.2 
shall not show cracking or delamination. 

6.2.7 Mold and Mildew - Resistance shall be tested 
In accordance with XLL-Stll-61OB. The 
samples are then exaalned visually under a 
5x magnification for the extent of mold 
growth and for indications of deterloratlon. 
The mold is not to have spread beyond the 
innoculated area, and no significant growth 
of l o1.d is to b’e observed. natetial must 
not have delaainated. 

6.3 Thermal Resistance. 
Determine the thermal resistance in accordance with 
procedures in section 9.1. 

7.0 WORKMANSHIP FINISH AND APPEARAYCE -----------J. ,-----.L --- . . ..e.---L,, 

7.1 The Insulation shall be manufactured, packaged. and 
shipped in such a manner that, when received by the 
customer. It shall be suitable for installation in. 
accordance with ASTM Recommended Practice C 727. 
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8.0 S.\Z(IJi.lSG ----e--w 

8.1 Saapl ing shall be purl ormed in accordonce with AST% 
c 390. 

* y.0 ---- ------ 2 I’XST YETlIfJUY 

u.1 ‘therrnl Performance 
I’he thermal performance of reflective Insulations 
shall be determined in accordunce wlth ASTN test 

methods C 236 or C 97ti using the following 
criteria. 

9.i.l The thermal test shail be gc?rtorac?d with 
an air to air temperature ditfcrcncc of 
30 degrees f. 

9.1.2 in order to aetermlne the thermal 
perfurnunca of the rerlcrtirfl !:1su1i\tion 

saterrais used in a test panei. a uniform 

method of aajustment ot the test panel 
resuits IS neeaed. 

9.1.3 The test pnnel shsli cnnstst 01’ woon t'ramfng 
oenbers sheathed wi:h 3;4 lncn rnlck prywood 

(In each stus. rhe width aud nupth of the 
cavities shall oe representative of the 
installation for which the Insulation 
product is intended. (See sectious 3 and 7 
of AYTl C 2361. The reflective insulat Ion 
ahalA be ins:ailed in :ne tent panrl 
arcordlng to rhe x;~nufJcturef’s 
specifications. ihe te9t ing Of the 
reflective insulation shall be performed at 
a scan 24 C i7SU, with a temperature of 
terperature difference across the insulated 
cavity. T ins of 17 C (3uFl. 

9.1.4 The thermal resistance Of the f raning 
material lust be known to withln plus or 
q tnus 10% and each framing member in the 

metered area shall be instrumented with a 
mlnlmur of three sets qf scnsurs to measure 

the terpersture difference across the 
f raaing merbers in the direction of heat 
flow. The temperature sensors shall be 
uniforrly distributed along the length of 
the framing member(s) uithln the metered 
area. 
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Sheathing 

FIGURE 1: R-Value Test Panel Inside Surface 
and Stud T/C Layout. 



9.1.5 

9.1.6 

9.1.7 

9.1.8 

‘I h e ntoady-stntc heat fluu t hrouqh the 
reflective insulation in the cavity shall be 
determined from Equation 11). 

l)itlS = Qtotal - E2cnme_ ----- fr!!F!e (11 
Rf rame 

.+ 
where ytotal .is the total heat flow rate 
across th test panel (BTU/hr) 

--frame is the cross-sect ions 1 area of the 
framing (ft 1 

-1 rnme is the average tempernl ure ti Lfferencr 
across the traming ( F) 

-:‘rame ts the thermal resIxrn:Icp or the 
framing (ft . IIt* . F/BTU 1 

Qlns IS the toini heat flow rate across tbo 
insulated cav1ty.t iltf/hr). 

ihe tharmni resistance of rne rrt'lact lve 
insulation. X ins. shall be aetcrzizec from 
Equatton (2). 

Hins - _ ins __ ins:Qlns 12) 

where -ins is the cross-sectional rl~*cn of 
the’lnsulated ~vlty (it I. 
--ins is the average across the insulated 
cavity measured from-the insltie surface of 
the warm-side sheathing t0 the inside 
surface of the cool-side s@anth~n~. 

‘The heat flou correction due to the presence 
of the framing members Pf?SU I t ing II-Or 

equatlon (1) shall be verified by repeating 
the hot box measurement with a mass 

Insulntlon material of known thermal 
resistonce. which has brcn vertfled by 
laboratory tests in an AST!4 C 518 or AST!4 
c 177 apparatus. The therma t resistnnce 
Of the mass Insuiatlon nfrer correcting 
for the framing momher ncst f lux shall 
differ by no more than 10% from the 
laboratory derived thermai resistance. 

Reporting requirements: The report shal i 
include all the requirements of AST!4 C 23V 
or C 976 * as well. an tne parameters listed 
tn equations 1 ana 2 of sect ion 9. The date 
of the last frame veriflcatlon shall also 
be reported along with any specific test 
results affecting the present experiment. 
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9.2 Adhesive Perforaance. 

9.2.1 Bleeding - Specimens for the test shall 
consist of a lB1ninur of three pieces of 
insulation, cut to approximately 3 x 6 
inches (7.62~~ x 15.24cm). Suspend these 
specimens vertically in an oven and heat to 
a temperature of 160- F (plus/minus) 5- F 
at 50 (plus/minus) 5% relative humidity for 
at least 5 hours. Under a 5x aagnification 
deterrine if rhe adhesive ‘nils bied or 
extruded through the surface or if 
delamination has occurred. 

9.2.2 Pliability - A minimum of three samples 
shall be subjected to the pliability rest. 
Each set .of specimens shail contain at least 
one sample with a factory produced edge. 
Foil laminate s.hall be folded in accordance 
with TAPP I Standard T 512 on-86. and the 
fnlded edge smoothed. using light finger 
pressure. The finished laminate shall not 
crack when folded to 160 degrees bend after 
conditioning, at a temperature of 79- F 
(plus/minus) 2- F and a relative humidity of 
50 fplus/alnus) 5%. This same test shall be 
repeated on a second set of three samples, 
conditioned at 32- F (plus,minus) 2- F 
Sample specimens shall be conditioned for a 
period of no less than 24 hours immediately 
prior to the test. When the specimens are 
tested in the above manner, there shall. be 
no cracking or delamination. 

10 .O IRSPECTIOS ---------- 

10.1 .Inspection of the material shall be agreed upon 
between the purchaser and supplier as part of the 
purchase contract as specified in ASTM C 390. 

11.0 egJECTl@ @iQ REHRARIRG -v-m----- 

11.1 Requirements Determined by Visual Inspection: 
Samples shall be inspected visually for mechanIca 
damage as follows: 

11.1.1 .Surfacc Punctures F not to excued 1 puncture 
per 500 ft. 

11.1.2 Damage (bleeding adhesive. corrosion) to 
reflective properties of surface coatings - 
not to exceed two percent of the insulated 
area. 
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11.1.3 Crinkling (as evidenced by numerous crc!itst?~ 
and bends resulting in nonparallel surfaces) 
- not to exceed five percent of inru toted 
area. 

11.1.4 Evidence of corrosion. 

11.1.5 lmproper assembly (when referenced to 
ranufacturer’s syecIflcationsl - not to 
exceed one percent of area. 

11.1.6 lnproper axpanston to designed form or site 
or both - not to exceed one percent of nrea. 

11.2 If inspection of the samples Y howu failure to 
conform to the requirements of this specie itarion. 
a second sample from the same lot shall be tested 
and the results of this retest averaged with the 
results of the original test. 

11.3 Upon retest, as described in 11.2. material that 
fails to conform to the requirements of this 
specification may be rejected. Rejection should be 
reported to the producer or yuppl ier promntiy and 
in writing. In case of dissatisfactlun with rhe 
results of the test, the producer or ruppl ier may 
make a ciair for a rehearing. 

11.4 In case of rejection. the manufacturer or supplier 
shall have the right to reinspect the rP)ected 
shipment or resuonit the iot after removal of that 
portion of the shipment not conformins to the 
specified requirements. 

12.0 PACKAtilSG r\SD PACKAG: YAi<KiYLi --------- --- ------z -----A- 

12.1 All insulation products shail be packaxed in a 
ronner which Will protect the reflective surfaces 
from physical damage during storage and 
trans.portation. 

12.2 Package Marking 

12.2.1 All packages shall he marked to identify 
product origin. 

12.2.2 All packages shall be marked with a lot 
number. 

12.2.3 rhcrnal resistance valnes relerenced to thts 
specification will be given for heat flow 
UP. beat flow down. or heat flow horizontal. 
as applicable. 
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12.2.4 Width and length of material when Installed. 

12.2.5 Total area, square teet (square meters) 
covered by the package contents when 
installed according to the manufacturer’s 
recoraendatlons. 

12.3 Insulation Marking 

12.3.1 Insulation shall be Imprinted with t hf? 
manufacturer’s or distributor’s name and/or 
trademark. 

12.3.2 fnrulation markings shall not reduce the 
stated thermal performance of the product. 
Insulation markings shall be repeated at 
intervals not exceeding 8 ft. la.4 ml. 

TAllLE 1 PHYSICAL PHOPERTIYS OF LOW FYI’rTAVCE YATERIALS ,,,,,,,L------------------‘---------tf---~~----~---~-------- 

Aluninua Foii I;.s -------- --e- Customary Knits ---A ---em--- Xetric Knits ---e- --m--m -*--a 

1. Thickness fminimum) 
(A) Exposed unsupported 0.0004 in. O.Olu mm 
IB) Cnexposea ana unsupported 0.00035 in. 0.UuY mm 
!C) 9ondra to substrate 0.00025 in. O.UO6 mm 

.2. Purity -- 99% minimum 

3. Eaittance: 
‘The surface. enittance shall be determined by ASTX E 408. 
This value shall be equal to or less than 0.1 
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APPENDIX B 

EMITTANCE TEST REPORTS 
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fmr'.rance .Yeasx+neatr 

Toe Cook and 3. il. Parbrough 

thericai Engineeriog Departs&t 
Tennessee Technological llniversity 

This rc-port conctfns +-he compittion of -fie emittance aedsilrementd 
for Dynacech R 6 D company. The emittances of -he foams !Samples I1 and 
12) and the voods (Sampies 13, 14, 15. and 161 vere measured three ways. 

1) Seat Balance Yethod - An ‘x/k’ value fs calculated. Then an 
iterative solution is used to find E.* 

2) Transient Xethod - i vs time curve iS extrapolated t0 t-3. This 
nethod fails rihce oo linear portion of the cume exists' to 
extrapoiate.' 

3) 'Jery Thin Siices Were Cut - S varies with thickness of sampies 
(reaches equilibrium ui:h. the heat sink easily but transparency 

differs with thictiess). 

-Iarious papers and tape vere used as ndsi.3 in Methods 1 and 2. 

AS ex_petted, the etittance varied with methods *sd "masks" 3s veil frcm 
measurement to measurement. The following ztr.gca far :he WC&S 2r.d 
foams are recoamendc:! as a result of the tes:;r.q, 

roams: (Samples 11 ar.d 12) o - .45 to .5: !.51 ?.56) 
woods: (Samples 13, 14, 15, and 16) s l .X to .d2 !.77 :.DS) 

Pour emittance measurements were made for each of the foil 
specimens. The average e&trance val*Jes in this case are accurate t0 

,'O.OOS. All of tie nessuremezts were dcne vith a model AS emissometer 
built by Devices red Services :0lS)pny of Dallas, Texas. The 
neas:2rsments ve:e done in an rnvirozinent around f0.F. 

. 

*Devices ar.d Services Company, Technical Note 'V-17 
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Specimen No. 3escrittim 

2 
3 
4 
5 
6 
7 
a 
3 

10 
11 
r2 
'3 
14 
i5 
16 
17 
1s 
19 

it+- wide foils 150' into nil; blotchy" surface 
17+' vide foilt 150' into ni?; gshiney" surface 
17%. vide foil; 160' into roil; blotchy" surface 
t7Y vide foil; 160' into roil; .shiney' surface 
17rlD ride foil; 170' into rr;ilr "blotchy' surface 
171" vide foil; 170' into roil; l shiney" surface 

foil tape 
Toil tag* 
Duct tag% 

33" wide fofl; 25' into roll 
Styrofw 
Styrofora 

l/4" plywcd 
i/4* plywcd 
2' x 4" stud 
2" x 4' stad 

Accordian foil; I?' into roll 
Accordian foil; 23' into roll 
AccorBia:! toilr 2:' into roil 

%2*-c: All foil specinmns are labcied on outslh :f roil. 
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5ANPr.E No. 

11 Outside 

fnaide 

12 3utside 
Insida 

13 outsida 
Inside 

r)4 OutsIde 
Inside 

IS outside 
Inside 

16 Outside 
Inside 

47 

4s 

49 

#lo 

#17 

118 

119 

iL 

0.09 
0.09 

22 
0.09 
3.09 

0.03 
0.03 

0.05 
0.06 

fi 

0.09 
0.11 

9.04 
J.03 

3.05 
0.05 

0.0s 
0.04 

0.05 
0.01 

0.04 0.03 0.03 
0.03 9.03 0.03 

0.06 0.08 0.07 
0.M 3.04 0.04 

0.06 3.05 0.04 
3.03 3.03 0.03 

3.32 0.03 0.02 

0.02 0.03 0.03 

0.X 3.68 0.69 

0.02 0.03 0.03 

0.02 0.02 0.03 

0.02 0.04 0.03 

0.02 0.02 0.03 

Y 
0*09 
3.10 

0.04 
0.03 

0.06 
0.07 

0.03 
0.03 

0.07 
0.03 

0.04 

0.05 

0.03 

0.69 

3.03 

0.03 

0.03 

0.03 

Average 

9.09 

0.10 

0.04 
0.03 

0.05 

0.06 

0.03 
9.03 

5.07 
0.04 

0.05 

0.03 

0.03 

0.03 

3.70 

3.33 

3.025 

3.03 

0.025 
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EMITTANCE DATA ASSOCIATED WITH D. 0. E. 
REFLECTIVE INSULATION PROJECT 

Joe C. Cook and David W. Yarbrough 
Department of Chemical Engineering 
Tennessee Technological University 

The Devices and Services Emissometer being used to obtain 
emittance measurements has been modified to give three significant 
digits of output instead of 
being used are the 
emittance. 

SPECIMEN 01 

1 inside 0.129 

1 outside 0.080 

17 inner 
foil 0.015 

inner paper 0.842 

18 inner 
foil 0.025 

inner paper 0.846 

19 inner 
foil 0.032 

inner paper 0.833 

same as 
two. The calibration samples currently 
those used for the previously reported 

r2 E3 E 

0.120 0.118 0.114 0.112 

0.106 0.092 0.114 0.095 

0.039 0.048 0.031 0.018 

0.837 0.844 0.858 0.919 

0.119 Repeat 

0.097 Repeat 

0.030 

0.860 

0.022 0.019 0.029 0.035 0.026 

0.835 0.866 0.893 0.855 0.859 

0.022 

0.861 

0.038 0.015 0.039 0.029 

0.844 0.826 0.812 0.835 

186 





. 



t 

189 



HANDBOOK ON REFLECTIVE INSULATIONS FOR RESIDENTIAL AND 
COMMERCIAL USES 

CONTENTS 

Section 

INTRODUCTION 
HOW HEAT IS TRANSFERRED 
THE FUNCTION OF AN INSULATION 
WHAT IS REFLECTIVE INSULATION? 
TYPES OF REFLECTIVE INSULATION 
WHERE REFLEXIVE INSULATION CAN BE USED 
INSTALLATION OF RBFLECTIVB INSULATIONS 
PRODUCT USES 
THERMAL PERFORMANCE OF REFLECTIVE 

INSULATIONS 
SUMMARY 
USEFUL SOURCES OF INFORMATION 

WST OF APPENDICES 

Amendiy 

A RADIATIVE HEAT TRANSFER 

B INFORMATION SERVICES 

1 
2 
3 
4 
5 
6 
7 

12 
12 

16 
16 

m 

A-l 

B-l 

190 



4 

5 

6 

7 

8 

9 

10 

BASIC MODES OF HEAT ~Sb?I$SI~N _, 

THE THREE MODES OF ENERGY TRANSFER 

TYPICAL REFLECTIVE ISJSULATION USES IN A 
BUILDING ENVELOPE. 

SCHEMATIC OF REFLECTIVE INSUIATI~N $NS'J'ALeD j 
BETWEEN FRAMING MEMBERS 

INSTALLATION OF MULTILAYER REFLECTIVE 
INSULATION PLUS SINGLE LAYER CAP SYSTEM 

TYPICAL ROOF OR FLOOR APPLICATION (SINGLE 
LAYER OR BUBBLEPACX) 

TYPICAL ROOF OR FLOOR APPLICATION (MULTI- 
LAYER) 

CONCRETE BLOCK WALL SYSTEMS, GARAGE AND 
BASEMENT WALL9 

TYPICAL BUBBLEPACK WALL APPLICATION 

TYPICAL OBSTRUCTED WALL CAVITY APPLICA- 
TION 

7 

9 

10 

10 

10 

10 

11 

Al. REFLECTIVE MATERIALS PERFORM IRRESPECTIVE A-3 
OF WHICH SIDE RECEIVES RADIATIVE HEAT 

AZ. APPROXIMATE PERCENTAGES OF HEAT TRANSMISSION A-4 
MODES IN A BUILDING CAVITY 

191 



Table 

1 MINIMUM THICKNESS OF ALUMINUM FOILS 5 
FOR REFLECTIVE INSULATION 

2 MEASURED CAVITY R-VALUES OF BUILDING 15 
ENVELOPE SYSTEMS CONTAINING LQW 
EMITTANCE AIRSPACES 

Al.. EMITTANCE AND REFLECTANCE VALUES FOR TYPICAL A-2 
BUILDING MATERIALS 

192 



INTRODUCTIW 

E 

i 

Since 50% to 70% of the energy used in the average home 
in the USA is for space heating and cooling, it makes sense 
to use thermal insulation to reduce the energy consumed, 
increase comfort and save, money. Insulation effectiveness 
is measured in terms of thermal resistance, called R-value, 
which indicates resistance to heat flow: the hisher the R- 
value, the greater the insulating power. Diff&ent types 
and forms of thermal insulation materials can be used. 
These are batts and blankets, loose-fills, rigid boards, 
sprayed on or blown in-place and reflective insulation. 

This handbook focuses on reflective insulation as an 
effective way to achieve recommended R-values. It is 
intended to give the reader a general .knowledge of how 
reflective insulations work and a guide to installation. 
Detailed information concerning the mechanisms of radiant 
heat flow is contained in Appendix A for the interest of 
those desiring a more in-depth understanding of the subject. 

The U.S. Department of Energy nInsulation Fact Sheet" 
(DOE/CE-0180, January 1988) provides recommended minimum R- 
values for attics, floors, and walls. These recommendations 
are based on an analysis of cost-effectiveness, using 
average local energy prices, insulating costs, equipment 
efficiencies, climate factors, and energy savings for both 
the heating and cooling seasons. 
require higher levels to be used. 

Some energy codes now 

If you are buying or building a new home, you should 
ensure that recommended energy-saving features are included. 
The Federal Trade Commission (FTC) Rome Insulation Rule, 
which went into effect in 1980, requires that manufacturers 
of thermal insulation provide R-value and relevant 
information on a packaged product and on all fact sheets and 
advertising literature for the product. Furthermore, the 
seller of a new home must provide information on the type, 
thickness, and R-value of the insulation that will be 
installed in each part of the house in the sales contract. 
Insulation contractors are required to give their customers 
similar information. In many states and localities when 
older homes are sold, the seller has to provide information 
on the type and amount of thermal insulation in the home. 

The performance of any thermal insulation system 
depends on how well it reduces heat flow. Heat moves from 
warm locations to cool locations in three ways: by 
conduction through solid or fluid material, by radiation 
from surface to surface through an air space, and by 
convection which involves the physical movement of the air. 
These are illustrated in Figures 1 and 2. Appendix A 
discusses radiative heat transfer in detail. 
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(a.1 

(b. 1 

(c.) 

HOT COLD HOT COLD HOT COLD 

Radiation Conduction 
(a) (b) 

Convection 
(cl 

RADIATION from heat source is transmitted through 
air or vacuum to a cold surface at 186,000 miles 
per second. 

CONDUCTION through a solid material is caused 
by fast moving molecules on the hot side 
colliding with and transferring energy to 
slower moving molecules on the cold side. 

CCNVECTION occurs when fluid moves. Bouyant 
effects carry heat from hot to cold surfaces. 
Warm air rises and cold air falls to create 
a convective loop(s). 
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When installed correctly, insulation reduces heat 
transfer through the envelope of a building. Whenever there 
is a temperature difference, heat flows naturally from a 
warmer to a cooler space. To maintain comfort in the 
winter, the heat lost must be replaced by your heating 
system. In the summer the heat gained must be removed by 
your air conditioner. 

Heat moves across empty wall cavities or between roofs. 
and attic floors by conduction, convection, and radiation. 
A reflective insulation reduces hept.,transfer*by radiation 
to very low levels and in most products, reduces heat 
transfer by convection. Mass insulations reduce the 
convective part to a very low level, reduce the radiative 
transfer across the region occupied by the insulation and 
mimimize the increase in the conduqtion,mode,, -Both types 
involve placing a solid material between the warm and-cool 
regions to reduce heat flow across the insulated region. 

The benefits of insulating all cavities within the 
building envelope are many, not only for the individual and 
national economic and energy conserving reasons but also for 
more liveable structures. Well insulated" buildings, where 
effects of moisture condens.atfon. end** e&r.. movement are 
minimized also require less maintenance and degrade mQre 
slowly. Various forms of thermal insulation exist, one of 
which is the reflective system. 
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Different types of insulation Droducts reduce these 
three types of-he-a-t transfer by varying amounts. 
each provides different thermal performance 

Therefore, 
and their R- 

values differ. The primary -function of reflective 
insulation is to reduce radiative heat transfer across open 
spaces which is a major contributor to heat gain in the 
summer and heat loss in the winter. Reflective insulation 
greatly reduces heat flow by radiation in two ways. The low 
emittance metal (usually aluminum) .foil surface(s) that 
forms part of the Rroduct, reflect d significant part.(up to 
95-97%) of the incident radiation. Since these surfaces 
have a low emittance, they do not reradiate or emit heat 
well. A material with an emittance approaching a value of 
one radiates at the highest rate while a surface with an 
emittance close to zero radiates little energy. Aluminum 
surfaces generally have an emittance range of 0.03 - 0.05 
which means they radiate very little. The ideal product 
would be one with an emittance of zero and a reflectance 
near one (see Table Al in the Appendix). 

Reflective insulation is a combination of aluminum foil 
and air spaces to provide reflective cavities with low 
values of radiant energy emission (emittance). These 
cavities may have faces of low emittance surface (foil), or 
.encapsulated air spaces within the foil on both sides, such 
as a bubblepack product. Reflective insulation has been 
used in both residential and commercial applications for 
over forty years. These products provide an alternate or 
supplement to mass insulations such as mineral fiber, 
cellulose or foam in the building envelope. 

Reflective insulation effectiveness depends on its 
ability to reduce the contributions of each of the modes of 
heat transfer. For example a typical multilayer reflective 
insulation divides a cavity into a set of smaller air spaces 
with paraliel high reflectance and low emittance surfaces. 
For a cavity, the cell dimensions are designed to minimize 
air movement and reduce convection. The low emittance of 
the facing surfaces minimizes direct radiative heat transfer 
across the cells. 
dimensions, 

The effectiveness depends on cavity 
the emissive properties of the facing layers, 

the direction of heat flow, e.g. horizontal or vertical, the 
temperature difference and to a lesser extent the mean 
temperature. 

A reflective insulation system is different from most 
conventional mass insulation materials and products in that 
it: 

(a.) is formed on-site as it is installed within the 
structure: and 

(b.) is a combination of air spaces bounded by a 
highly reflecting surface within a cavity. 
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There are several basic types: 

(a.) aluminum foil: 

(b.) aluminum foil-faced paper, paper product, or 
plastic film, with one or both exposed surfaces 
being reflective: 

P 

(c.) a composite of flat foil-faoed paper layers which 
opens up in an accordion-like form with attach- 
ment flange(s) to provide multiple reflective air 
spaces: and 

(d.) aluminum foil/polyethylene bubble pack combina- 
tions. 

These are normally supplied as rolls with widths designed 
to fit over or between standard framing member spacings. 
Some can also be cut to fit into cavities of smaller widths. 
In addition, cellular plastic boards, may be supplied with 
reflective foils adhered to one or both surfaces and can be 
used in combination with an air space to augment system 
performance. Aluminum is preferred to other metals both for 
eizonomic reasons and for its higher resistance to oxidation 
and other effects caused by the environment. The specified 
purity should be at least 99% and when used as a vapor 
retarder, the water vapor permeance should be one perm or 
less. Table 1 contains recommended m&nimum foil thicknesses 
for foils used in specific reflective insulation system 
applications. 

8 1. &i&urn Thickness of Aluminum Fo&.& 
for Reflective Insulation 

Exposed and unsupported 0.010 0.0004 
Unexposed and unsupported 0.009 o.oop35 
Bonded to substrate 0.006 0.00025 

Building codes specify that reflective insulations like 
mass 
and 

insulatiod;rave to satisfy necessary surface burning 
other characteristics for their intended 

applications. They must also satisfy- criterPa‘?or'mold and 
mildew resistance, corrosion resistance, tear resistance, 
pliability, and adhesive performance. 
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ION CAN BE UsEp 

Since it is made for installation between or over 
framing members, reflective insulation is applicable to 
unfinished walls, 
commercial 

in floors and ceilings in addition to many 
and industrial applications. 

illustrates these.applications. 
Figure 3 

The thermal performance of a reflective system can be 
varied by changing the number of enclosed reflective spaces 
within the cavity. Most current reflective systems range 
from a single reflective cavity to five cavities. These are 
shown schematically in Figure 4. Products with more than 
seven air spaces are available for higher thermal 
performance needs such as those in office buildings and for 
cathedral ceilings. 

Pioure 3 Tvoical Reflective mulation Uses h . 
a Resldent& or Comme;EE+al Buu Envelop 

(a.) flat roofs, (b.) sloping roofs, 
(c. 1 walls, and (d.) floors 
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Fioure 4. Schematic of Reflective Insulation 

In general, the five and seven layer systems are used 
for cavities 5.5 inchefs or greater in depth. Since the 
thermal performance dependent on orientation and 
direction of heat flow, a large variation in overall R- 
values can be obtained with the different combinations. 
(This is discussed in more detail in the section on thermal 
performance.) 

There are other beneficial considerations for using 
reflective insulations. These relate to the fact that, in 
general, they consist of materials having very low water 
vapor and air penneances. When installed properly with 
joints taped, they act not only as a thermal barrier but can 
be both an efficient vapor retarder and an effective barrier 
to air movement through the cavity. Since the reflective 
system can act as a vapor retarder, care must be taken to 
ensure that it is installed correctly within the structure. 
Correct installation depends upon the climatic conditions 
and moisture sources involved. Providing these factors are 
considered, and appropriate installation ensures that all 
joints and set;; ayapudttedt;rinst each other and taped or 
overlapped possibility of moisture 
condensation within thebavity and resultant degradation in 
performance will be minimized. 

0 Z.NSTUSAXUN OF IlElSXmI- INSU- 

Reflective insulations are products incorporating 
trapped air spaces as part of their system. These air 
spaces, which may be layered or closed-cell, may result from 
the way the product is manufactured or the way it is 
installed. In either case, the advertised performance of 
the insulation requires that these air spaces be present 
after the product is installed. The labeled R-values will 
not be achieved if the product is not installed according to 
the instructions of the manufacturer. The basic tools 
required are a staple gun, coated staples, two inch minimum 
or wider aluminum reflective tape, scissors or utility 
knife, and a tape measure. 

(a.) General Guidelines 

As in any insulation installation, there should be a 
pre-installation inspection to ensure that specific hazards, 
including fire hazards, will not result from the following. 
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0 excessive heat build-up in recessed lights 
o lack of adequate attic ventilation 
o deterioration or failure of electrical wiring 
o deterioration in structural components 
0 moisture accumulation 

Since reflective insulations involve metallic surfaces, 
care must also be used to avoid direct contact with bare 
electrical wires or fittings. Where heat build-up is 
likely, appropriate blocking should be undertaken around all 
heat producing devices in accordance with Department of 
Housing and Urban Development Minimum Property Standards, 
local building codes, and National Fire Prevention 
Assocation Guidelines. 

(b.) Specific Guidelines 

The area (cavity) to be insulated should be measured 
carefully and an appropriate length of insulation cut from 
the roll, allowing 2 to 3 inches extra for turning down or 
overlap where required. During installatioh, any 
overlapping areas, minor cuts and tears, should be sealed 
with aluminum reflective tape. A general rule for fastening 
reflective insulations is to staple at 4 inch - 8 inch on 
center, using a 5/X.6 inch - 9/16 inch leg, 9/16 inch crown, 
corrosive resistant staple. 

Figure 5 illustrates a typical installation procedure 
for a multilayer reflective insulation product including a 
cap layer. Figures 6-10 illustrate a number of typical 
installed applications for reflective insulations in the 
building envelope. 

PRODUCT USesI 

The following are a number of applications where 
reflective insulations can be used. 

Besidential ConstNctism 
(New and Retrofit) 

Walls, floors, basements, 
ceilings, roofs, and 
crawl spaces 

actured Housing 
(New and Retrofit) 

Commerci 1 C n tru i U 
(New End ge&ofyk)" 

Walls, floors, basements, 
ceilings, roofs, and 
crawl spaces 

Dther Uses 

Walls, floors, roofs, 
and crawl spaces 

Water heater covers, cold 
storage units, poultry and 
livestock buildings, equip- 
ment sheds, pipe insulation 
and recreational vehicles 
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1. Place a sheet of multitoii tnwbtbn at the Cop d 
the jobb and up against the purlin Make wfe 
tho8hwtbbuttad~nstmaOw 

2 Staple along the top (about 314” down) moea 
the lsngth a1 intalv8b moommsndod 

S UhandpuUthem~~l~1~~~o~~o 
jobt Be 8ure the matertal b taut and 2ush with 
theWtomolthojobtsothatbyu8runMm. 
After “butting” the material 8g8in8t 2u pudh 
staple acro88 the bottom# 

5. Extendtheaheetmdpbcettun~thojobtBe 
we lhat the sheet b lush, along the sida with 
thejobWlowabouttwotncheatoturndownon 
purlin and pull taut and staple to the bottom of 
jcbt8twtthrworfourtlmaa 

(i. &ttend the sheet and place it under the jobl 
Pull taut and staple three or four times Place 
the folded sdgs again8t the pudin and staple in 

a Ext~cher~MdplrerIundr~eldrtPull 
butandstaptrtotheundarsideofthejobbthme 
or fcur thw Place the fo+I edge again* tha 
puflinandstapleinpbca 

+ Place single foil &eat undu thr jobt m shown 
abovaBe8urethat&btlushwiththeatdeofthe 
joiatAllowabout1112”totumdownonpurlins 
andstapletothebottomofthejcbtthreeorlot@ 
Umca.CrosstothediagoMoppositecomu. 

Figure 5 

Installation of Multilayer Reflective 
Insuletion Plus Single Layer Cap 

System Typically Used in 
+nellized CoumerCial Roof Decks 
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Figure 6 

Typical Roof or Floor Application 
(Single Layer or Bubblepack) 

Figure 7 

Typical Roof or Floor Application 
(Multilayer) 

BU8BiEPACK 

SINGFUYER 
AP~UCAltON 

Figure 8 

Concrete Block Wall System, Garage 
and Basement Walls Trim out openings for doors and windows, leaving 

approximately three inches of overlap. When windows 
and doors are set, the overlap will compact to provide 
an air-infiltration bar&. 

Figure 9 

Typical Bubblepack Wall Application 
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Figure 10. -Obstructed Wall CaVitV Application 

A. Start at end of bay, staple to other end. 

B. Snap open foil and attach from center of 
bay to each end. 

C. Staple from center of bay to each end. 

0. Use mass insulation to fill narrow. stud.bays 
or bays obstructed with plumbing or electrical 
runs. This must be of equal or greater 
R-value as foil and must have vapor retarder. 
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However you choose to use these products, it is very 
important to follow the manufacturer's suggested method of 
installation and safety advice. 
about using or installating 

If you have any questions 
these products, the 

manufacturers or their representatives should be contacted. 

To be effective for any orientation and heat flow 
direction, low emittance reflective materials must form a 
series of essentially parallel air spaces. Installation 
should ensure that all surfaces remain tautly stretched 
between their supports such that they do not touch each 
other. All reflective surfaces should be free of paint, 
grease, dust, and moisture, all of which reduce 
effectiveness by increasing the emittance. Since aluminum 
reacts the alkalis and acids, the metal surfaces must not be 
allowed to come into contact with, for example, wet plaster 
unless protected by a coating. Finally, since the 
insulation system consist8 essentially of still air 8pace8, 
circulation of air between cavities particularly at the ends 
of the reflective system installation, must be avoided. 
This is accomplished by taping with reflective foil or 
folding over the ends. 

The thermal performance of any thermal insulation is 
described in terms of an R-value at 24'C (75.F); the higher 
the value the better its thermal insulation performance. 
The minimum R-values recommended for different building 
envelope applications in the USA are given in the Department 
of Energy "Insulation Fact Sheet.' 
written into the energy 

Higher levels are 
codes in particular areas, for 

example the Northwest Energy Code. These levels can be 
obtained with the various mass and reflective type products 
currently available. 

To satisfy the requirements of the Federal Trade 
Commission.Home Insulation Rule, manufacturers must include 
R-value information not only on the product itself but in 
all product literature. This makes it easier to compare the 
performance of the various insulation types. For reflective 
insulation products to be compared on the same basis as mass 
type insulation, it is necessary to obtain the R-value for 
the insulated region (cavity R-value). 

As will be shown later in Table 2, 'the thermal 
performance 
application, 

of a reflective insulation depends on the 
orientation and the heat flow direction. When 

a reflective insulation is installed, various factors 
including the number of reflective air spaces, the aspect 
ratio in the cavity (height to thickness), the emittance of 
all surfaces, the mean or average temperature, the 
temperature difference across the cavity, which in turn, 
affects that across each air space, and the thermal 
properties of the framing members all influence its thermal 
performance. Thus, the R-value of the reflective insulation 
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product is determined usually from the results of tests 
undertaken on the installed system under conditions where 
the above parameters are representative of the application. 

These system tests are carried out using either the 
standard C-236 guarded hot box or C-976 calibrated hot box 
test methods developed by the American Society for Testing 
and Materials (ASTM). The contribution of the framing 
members and t;; inner and outer restraining materials 
(sheathings) then determined using an accepted 
calculation method developed by American Society of Heating, 
Refrigerating and Air Conditioning Engineers (ASHRAE) using 
measured or handbook properties for the components of the 
system. The R-value of the reflective product alone is 
obtained by correcting the measured value for heat flow 
through framing members and subtracting the thermal 
resistance of any sheathing. Alternatively, the FTC rule 
allows the R-value of the reflective system alone to be 
derived using standard ASRRAE calculation procedures and 
measured emittance values for the different materials. The 
emittance values are measured using the ASTM E-408 method. 

Experimental values of cavity thermal resistance of 
some reflective systems are shown in Table 2. These were 
obtained as part of a research study initiated by the 
Department of Energy to investigate the quantitative effects 
of the major parameters discussed earlier. The study 
included validation measurements on some currently used 
systems for horizontal and vertical applications. The test 
systems consisted of 0.25 inch plywood sheathing on both 
sides of wood and cellular plastic studs. The cavity R- 
values are for a 30-F temperature difference across the 
cavity. 

These thermal performance values should be used for 
comparison and design purposes whenever the specific system 
and the particular application apply. However, since it is 
not feasible to generate experimental results for all 
systems and applications, the above values may also serve as 
one check on the validity of.other measured or calculated 
values for the same systems. They may also be used in the 
first instance' to check. the reasonableness of measured or 
calculated values for other installed reflective systems. 

This booklet contains detailed information concerning 
reflective insulation systems used in buildings for 
conserving energy. Subjects covered include the theory of 
operation, the types' and forms of materials used, 
installation guidelines and instructions, thermal 
performance and factors influencing performance and results 
of tests on three systems. 
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TABLE 2 

REASURED CAVITY R-VALUES OF BUILDING ENVELOPE 
SYSTEMS CONTAINING LQW EMITTANCE AIRSPACES 

I Cavity R-Value, 

I 
hr ft^2 F/Btu 

Heat Flow i 2 x 4 inch i 2 x 6 inch 
I 

I 
Direction 1 Cavity Cavity I 

I 
I 

I 
I 

System A I 

1 

UP I 2.0 1.9 I 
DOWN 

HORIZONTAL I 
7.9 I 7.4 
2.6 

I 
* I 

I 1 

I 
System B 

I 
I 

I 

UP l * I 

I 

DOWN * I * 

HORIZONTAL I 4.7 
I 

* I 

I I 1 

I 
System C I 

UP I * 
I 

* I 

! 

DOWN * 16.8 
HORIZONTAL j 6.0 

I 
* 

Consult manufacturer's literature for data on 
systems designated with an (*) and for other 
systems not included in this Table. 
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Appendix A 

Radiative Heat Transfer 

Radiant energy (elect.romagnetic waves) is emitted by 
all bodies or surfaces that are at a temperature above 
absolute zero (-273*C, or -459.F). This energy is then 
transmitted across space until. it is received by another 
body or surface. Part of the radiant energy is absorbed and 
converted into heat. the rest is either reflected from or 
transmitted through.the body. Any net energy transfer is 
alwavs from the hotter to the colder body. The hot and cold 
bodi;s may be the sun and the earth (93,?)00,000 miles apart) 
or the two surfaces of a wall cavity (only a few inches 
apart). The radiative heat transfer rate is not affected 
appreciably by the distance between hot and'cold surfaces. 

Radiation is said. to be generated by the process of 

$%%YOQ 
The conversion of radiation into heat is called 

-. 
Those waves not absorbed undergo me&ion or 

The emissivity (emittance)* (e) of a body is defined as 
the ratio of the radiant flux emitted by a body to the 
radiant heat flux emitted by a black body at the same 
temperature under the same conditions. 

Emittance indicates the relative amount of radiation 
absorbed by a surface compared to a black body under 
identical conditions. A black body or surface absorbs all 
the radiation it receives. It does not reflect or transmit 
any, and is defined as having an emittance of unity. Thus, 
all other surfaces will have an emittance of less than one. 
For any given wavelength, the emittance of a body is equal 
to the absorptance of that body. 

Table Al’ contains emit&ice and reflectance values for 
typical materials used in building construction. It is seen 
that polished metals such as aluminum and copper have much 
lower r-values than the other material surfaces. 

*Emittance is the term applicable to surface properties of a 
material when it is used in the normal environment. 
Emissivity is applicable to a material when used in a 
vacuum, non-contaminating atmosphere. 
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Table Al. Emittance and Reflectance Values for Tvwicti 
aterra& 

Aluminum (Polished, Foil) 
Copper (Polished) 

(Tarnished) 
Iron 

co.05 >0.95 
co.05 >0.95 
>0.70 co.30 

0.2 - 0.25 0.8 - 0.75 
Rusty 

Steel (Polished) 
(Polished Sheet) 

Asphalt 
Brick 
Concrete 
Glass (Including Uncoated 

Products) 
Paint, Ordinary Including 

White and Enamel 
Aluminum, Gilt, etc. 
Whitewash 
Varnish 

Paper (Including Uncoated 
Products) 

Plastics 
Plaster 
Wood 

0.80 - 0.85 
0.07 
0.20 

0.90 - 0.98 
0.93 

0.85 - 0.95 
0.95 

0.85 - 0.95 0.15 - 0.08 
0.40 - 0.60 0.60 - 0.40 
0.85 - 0.95 0.15 - 0.05 

0.89 0.11 
0.90 - 0.94 0.10 - 0.06 

0.90 - 0.93 
0.93 

0.75 - 0.92 

0.10 - 0.07 
0.07 

0.25 - 0.08 

0.20 - OIG 
0.93 
0.80 

0.10 - 0.02 
0.07 

0.15 - 0.05 
0.05 

Since all radiative heat must be absorbed or reflected 
or transmitted the quantity absorbed plus that reflected and 
that transmitted must be e&al to the-amount received. 

Bbsorotancg, a, is defined as the ratio of the radiant 
flux absorbed by a body to that incident upon the body. 

Reflectance, r, is defined as the ratio of the 
reflected flux to that incident on the body. 

mmittanca, 7, is defined as the ratio of the 
transmitted radiant flux through the body to the 
incident radiant flux on the body. 

a-c - l-r-7 

a+r:+r-1 

(la) 

(lb) 

A material which is a good reflector is a poor emitter. 
For an air space, the rate of heat transfer by radiation is 
independent of whether the reflective surface is on the hot 
or cold side. If a reflective surface is mounted on a non- 
reflective material which first receives heat, its low 
emittance is as effective as its high reflectance would be 
if heat were received on its highly reflecting face. This 
is illustrated in Figure Al. 
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(a.) reflecting surface facing radiation source 
(b.) emitting heat from other direction 

All surfaces, regardless of their temperatures, radiate 
and receive heat by radiation. Beat transfer due to 
radiation is dependent upon the temperatures of the two 
bounding surfaces and their emittances. Only the net heat 
transfer between two surfaces is important. This heat 
transfer between two parallel surfaces of the same area is 
given by 

qr * EuA (TX4 - Ta4) 

qr is heat transferred by radiation 

A is the surface area 

T1 and T2 are absolute temperatures of radiating and 
receiving surfaces, respectively. 

he Stefan Boltsmann constant (5.68 x 10" 

E is the effective emittance. 

(2) 

The E value is a combination of the individual 
emittances cl and c2 of the two surfaces. Equation 3 is an 
example for large planar surfaces and' the geometry of the 
system. 
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L 

E- (3) 
l 1 

+ -1 -- 
Sl 62 

These equations provide radiative heat transfer values 
for a reflective air space. The total heat flow is obtained 
by adding conduction and convection heat transfer to these 
values. 

Using these equations and comparing results of 
conduction and convection transfer, it is found that 
radiative heat transfer is the dominant mode for typical 
temperature conditions experienced by the building envelope. 
For hot climates or typical summer conditions, over 80% of 
the total heat transfer across an empty cavity is by 
radiation, whereas for cold climate and typical winter 
conditions, this reduces to approximately 60%. This is 
illustrated in Figure B2. 

Heat Flow Heat Flow 
Down UP 

Heat Flow 
Horizontal 

la#r 

90% 

60% 

70% 

809b 

509b 

40% 

309b 

209b 

10% 

096 
-conMDn- 

&zure 82. AwDro2&&&e Percentaaes of Heat Transm.issioq . . Modes 

In all cases, the conduction contribution is somewhat 
1eSS than 10% with convection and radiation providing the 
remainder. However, due to the effects of convection within 
the cavity, there is a directional effect. For the same 
temperature conditions, the total heat transfer for heat 
flow up is higher than that for the heat flow down and 
intermediate for the horizontal heat flow. 

The thermal performance of a reflective thermal 
insulation depends upon reduction of radiant heat transfer 
across air spaces by using of one or more surfaces of high 
reflectance and low emittance. The highly reflective 
surface(s) are mounted within the cavity such that distinct 
air spaces are formed. Radiative heat transfer is thus 
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within the cavity. A reflective insulation system can be 
used separately or in combination with one or more mass type 
materials. 
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Appendix B 

Information Services 

Additional and more detailed information concerning 
reflective thermal insulation in particular and energy 
conservation in buildings in general is available from the 
following sources. 

(A.1 OR A IZATfONS PRODUCING OR MARKmING REFLECTIVE 
A 

Alfol Inc., P.O. Box 7024, Charlotte, NC 28217. 
(704)-588-2170. 

Compac Corp., Old Flanders Road, Netcong, NJ 07857. 
l-(800)-631-9347. 

Denny Sales Corporation, 3121 S.W. 15th Street, Pompano 
Beach, FL 33069. l-(800)-327-6616. 

Eagle Shield, 2006 North Highway, 360 Grand Praire, TX 
75050. (214)-641-9655. 

Energy Saver Imports Inc., P.O. Box 387, Broomffeld, Co 
80020. (303)-469-1787.. 

Fi-Foil Co., Inc., P.O. Box 7046, Auburndale, FL 33823. 
(813)-965-1846. 

Innovative Energy, Inc., 
Point, IN 46307. 

1119 West 145th Avenue, Crown 
(219)-662-0737. 

Lamotite, Inc., 2909 E. 79th Street, Cleveland, OH 44104. 
(216)-883-8484. 

Lamtek Corp., P.O. Box 37, Flanders, NJ 07836. 
(201)-584-3300. 

Parsec, Inc., P.O. Box 38534, Dallas, TX 75244. 
(214)-681-1481. 

Princeton Packaging Inc., 1424 Proton Road, Dallas, TX 
75244. (214)-387-0700. 

Reflective Insulation Mnaufacturers Association (RIMA), 
661 East Monterey, Pomona, CA 91767. (714)-620-8011. 

Reflectix Inc., P.O. Box 208, Warkleville, IN 46056. 
(317)-533-4332. 
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R-Fax Technologies, Inc., 661 East Monterey, Pomona, CA 
91767. (714)-622-0662. 

Roy and Sons, 1135 East Woodlawn Street, Ontario, CA 91761. 
(714)-923-8558. 

Simplex Products Division, P.O. Box 10, Adrian, WI 49221. 
(517)-263-8881. 

Superior Aluminum Insulation, Inc., 6441 Roland street, 
Buena Park, CA 90621. (714) -994-4641. 

(B. 1 OTHERCE SOL== 

U.S. Department of Energy 
Office of Scientific and Technical 

Information 
P.O. Box 62 
Oak Ridge, TN 37830 

National Appropriate Technology 
Assistance Service 

U.S. Department of Energy 
P.O. Box 2525 
Butte, MT 59702-2525 
Telephone: l-800-428-2525 
1-800-428-1718 (In Montana Only) 

Conservation and Renewable Energy 
Enquiry and Referral Service 

P.O. Box 8900 
Silver Spring, MD 20907 
Telephone: 1-800-523-2929 or 1-800-233-3071 

Florida Solar Energy Center 
300 State Road 401 
Cape Canaveral, FL 32920-4099 

National Association of Home Builders 
15th h M Streets NW 
Washington, DC 20005 
Telephone: 202-822-0200 

U.S. Department of Commerce 
National Technical Information Service 
5285 Port Royal Road 
Springfield, VA 22161 

Insulation Contractors Association of Ameri9.a 
15819 Crabbs Branch Way 
Rockville, MD 20855 
Telephone: 301-926-3083 
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National Institute of Building Sciences 
1015 Fifteenth St. NW, Suite 700 
Washington, DC 20005 
Telephone: 202-347-5710 

(Cl PUBLICATIOW 

The following publications offer specific information 
on the costs, savings factors, and installation methods of 
energy-saving home improvements: 

Available from: 

Superintendent of Documents 
U.S. Government Printing Office 
Washington, DC 20402 

In the Bank...Or UD the Chimnev** 
U.S. Dept. of Housing and Urban Dev. 
Stock No. 023-000-00411-9 
Price: $3.00 

$lakina the Most of Your Enerav Dollars 
&n Home Heatina and Coolinq 
U.S. National Bureau of Standards 
Stock No. 003-003-01446-O 
Price: $2.75 

Find and Fix the Leaks: A Guide to Air 
Infiltration ReductioD 
U.S. Dept. of Energy 
Stock No. 061-000-00538-2 
Price: $2.50 

Heat Recoverv Ventilation for Housinq 
DOE/GE/1509-9. March 1984 
U.S. Dept. of Energy 
Stock No. 061-000-00631-1 
Price: $2.25 

Available from: 

Small Homes Council 
Univ. of Illinois 
One East St. Mary's Road 
Champaign, IL 61820 

Enerav Packaae-A group of 
eight publications pertinent 
to-energy publications pertinent 
to energy use and conservation in 
homes. Price: $3.00 

c 
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Bore for You= Monev-Home Ene=aY 

E2= : $2.50 

Available from: 

Mineral Insulation Manufacturer 
Association 

1420 King Street, Suite 410 
Alexandria, VA 22314 

e MoWLkLI&$ulatinq 

on W . 

**This publication also available 
as a reprint titled nInsulate 
Your Home and Save Fuel," from 
Dover Publications, Inc., 180 
Varick St., New York, NY 10014 
Price : $2.75 
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n1NuTEs OF 

J 

FIRST REFLECTIVE INSULATION ADVISORY PANEL MEETING 

KING EDWARD HOTEL 
TORONTO, ONTARIO 

11 OCTOBER 1997 

. MEMBERS=- 

Mr. 

Z: 

Z 
Mr. 
Dr. 
Dr. 
Dr. 
Hr. 

Monty Xillspaugh 
John Mumaw 
Roy AkerS 
Gerry Miller 
Joe FlOreS 
Paul Juneau 
David McElroy 
Ken Wilkes 
David Yarbrough 
Andre Desjarlais 

Reflectix, Inc. 
Owens-Corning Fiberglas 
Roy and Sons, Inc. 
Jim Walter Research Corporation 
Bonneville Power 
Alfol, Inc. 
Oak Ridge National Laboratory 
Oak Ridge National Laboratory 
Tennessee Tech University 
Dynatech Scientific, Inc. 

Mr. Eric Carson R-Fax Technologies, Inc. 
Mr. Floyd Ebgland Consultant 
Mr. James Hall TVA 
Mr. Bowen Hyma Energy Saver Imports, Inc. 
Hr. Leif Isaksen ACES, Inc. 
Mr. Foster Renwick Alfol, Inc 
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1.1 The Advisory Panel met on Sunday, 11 October 1987 at 
14:oo. Ten members and six guests registered their 
attendance. 

1.2 Dave Yarbrough reviewed the history of attempting to 
develop an ASTM Standard Specification for reflective 
insulations and what the Department of Energy and Oak 
Ridge National Laboratory had done in an attempt to remove 
the roadblocks which were impeding Progress on this issue. 
The purpose and reasons for funding the experimental 
effort were outlined. 

1.3 Andre Desjarlais presented an overview of the experimental 
program, its goals, the specifics of the experimental 
plan, the schedule, and the underlying assumptions which 
were made prior to the generation of the test plan. A 
listing of the goals, assumptions, experimental plan, and 
schedule was given to the attendees, and a copy is 
attached to these minutes. 

1.4 The floor was opened for discussion regarding the validity 
of the experimental plan vis-a-vis its goals. The 
following comments were recorded: 

1. Philip Fairey pointed out that the proposed 
temperature levels for the experiments did not include 
levels that are typical for southern climates. 

2. Mr. Fairey also remarked that the range of airspace 
aspect ratios did not extend up to 125 which is a typical 
value for reflective airspace8 used in conjunction with 
masonry walls. 

3. Mr. Akers and Mr. Juneau both commented on their 
concern about performing steady-state measurements when 
the real application of reflective insulations are under 
dynamic conditions. Is steady-state thermal performance 
data similar to dynamic thermal performance data? 

4. John Mumaw recommended that an experiment performed 
early during the program be repeated at the'conclusion of 
the experimental phase to supply a comparison of data 
during the course of the program. 

5. John Mumaw's second comment was that the selected test 
specimen configurations were limited to three layers (four 
airspaces) and did not include any examples of systems 
with a very large number of foils and airspaces. 
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1.5 

i.6 

6. Gerry niller suggested that the experimental plan be 
modified to include more_.vert.i~al.heat flow up experiments 
because the bulk of the vertical heat flow experiments in 
the original test plan were to be performed with heat flow 
down. 

The possibility of an additional meeting was discussed. 
The necessity for this meeting is due to the fact that a 
significant amount of the experimental work would be 
completed prior to the next ASTM Cl6 meeting in April and 
several members expressed their desire to review the test 
data sooner. It was proposed that the Advisory Panel meet 
in Booton 
i>UrpOi8. 

in late January/ early February for this 

The meeting was adjourned at 16:OO. 

f 
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FIRST REFLECTIVE INSULATION ADVISORY PANEL MEETING 
11 OCTOBER 1997 

PROGRAM GOALS 

THE PROGRAM IS DESIGNED TO SUPPLY INPUT TO AID IN ADDRESSING THE 
FOLLOWING ISSUES AND QUESTIONS. 

1. QUANTIFICATION OF FACTORS AFFECTING THE THERMAL PERFORMANCE 
OF REFLECTIVE INSULATIONS. 

DATA WILL BE GENERATED ON REFLECTIVE INSULATIONS AS A 
FUNCTION OF HEAT FI&W DIRECTION, ASPECT RATIO, CAVITY 
EMITTANCE, STUD THERMAL RESISTANCE, AIRSPACE TEMPERATURE, 
AND TEMPERATURE DIFFERENCE. 

2. HOW SHOULD R-VALUES BE MEASURED IN THE LABORATORY. 

COMPARISON OF DATA GENERATED ON THE EFFECTS OF THE 
PARAMETERS LISTED ABOVE WILL IDENTIFY THE SENSITIVITY OF 
R-VALUE TO VARIATIONS IN THESE PARAMETERS AND IS LIKELY TO 
DICTATE THE PARAMETRIC WINDOWS THAT SHOULD BE SPECIFIED IN 
THE LABORATORY TEST METHOD. INTEGRATION OF R-VALUE DATA 
OVER TYPICAL DIURNAL CYCLES WILL SUGGEST REPRESENTATIVE 
TEMPERATURE/ TEMPERATURE DIFFERENCE COMBINATIONS FOR THE 
LABORATORY EXPERIMENT. 

3. VALIDATION OR REVISION OF PREDICTION METHODS FOR THERMAL 
PERFORMANCE. 

ADDITIONAL THERMOMETRY APPLIED INSIDE THE TEST PANELS WILL 
ALLOW FOR THE EVALUATION OF ASSUMPTIONS THAT ARE MADE WHEN 
USING SIMPLE ANALYTICAL MODELS WHILE THE PRESENT PROGRAM 
WILL CREATE THE REQUIRED DATA BASE FOR THE DEVELOPMENT OF 
A MORE SUITABLE (MULTI-DIMENSIONAL HEAT FLOW) MODEL. 

4. RELATIONSHIP BETWEEN LABORATORY HEASUREHENTS AND THE THERMAL 
RESISTANCE OF THE MATERIAL USED IN BUILDING APPLICATIONS. 

THE DEVELOPMENT OF AN ACCURATE MODEL COUPLED WITH THE 
PARAMETRIC STUDY OF R-VALUE AS A FUNCTION OF TEMPERATURE 
AND TEMPERATURE DIFFERENCE WILL YIELD INFORMATION 
REGARDING FIELD PERFORMANCE. 
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5. IDENTIFICATION OF, A~ METHO?,~OR".~AL~~,~~.~~= F;IlJ+D,,F!ERFORMANCE 
AND SPECIFIC CIRCUMSTANCES WHEN MASS OR REFUCTIVE 
INSULATIONS ARE PREFERABLE. 

KEY INFLUENCES ON THE THEmL,PERFORMANCE OF REFLECTIVE 
INSULATIONS WILL BE QUANTIFIED AND KEJOWLEDGE OF THE 
MAGNITUDE OF THESE INFLUENCES WILL AID IN THE DESIGN OF A 
TEST METHOD FOR DETERMINING FIE&D.,PEPFI)R$ANCE AND SUGGEST 
WHEN ONE I.NSULATIt3N TYPE M+y >E~P~~.~~D.- 
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FIRST REFLECTIVE INSULATION ADVISORY PANEL MEETING 
11 OCTOBER 1987 

BASXC TENETS OR BOLD ASSUMPTIONS 

1. REFLECTIVE INSULATIONS LACK GENERAL ACCEPTANCE BECAUSE 
ASSOCIATED THERMAL RESISTANCE VALUES ARE UNCERTAIN. 

2. REFLECTIVE INSULATIONS AND THEIR ENVIRONS FORM AN INSULATION 
SYSTEM THAT MUST BE EVALUATED AS A SYSTEN. 

3. CONSENSUS STANDARDS FOR THE DETERMINATION OF THERMAL 
PERFORMANCE DO NOT EXIST. AREAS OF DISAGREEMENT INCLUDE 
WHETHER "MATERIAL" OR "SYSTEM" THERMAL PERFORMANCE SHOULD BE 
REQUIRED, WHAT SYSTEM SHOULD BE TESTED, AND HOW TO SEPARATE 
"MATERIAL" PERFORMANCE FROM “SYSTEM” PERFORMANCE SO THAT 
DIRECT COMPARISONS CAN BE XADE WITH NASS INSULATIONS. 

4. THE DEVELOPMENT OF AN ACCURATE MODEL IS ESSENTIAL. 

A. ASSISTS IN ELIMINATING THE WIDESPREAD USE OF SIMPLE 
INACCURATE MODELS PRESENTLY IN USE. 

B. REDUCES THE PROHIBITIVE TESTING COSTS INVOLVED IN 
PERFORMING A LARGE NUMBER OF LARGE SCALE TESTS BY BEING 
USED TO PREDICT THERMAL PERFORMANCE OF REFLBCTIVE 
INSULATIONS INSTALLBD IN OTHER SYSTEMS AND IN-SERVICE. 

C. CAN BE USED TO SEPARATE "MATERIAL" PERFORMANCE FROM 
"SYSTEM" DATA. 

n 

5. THERE IS A LACE OF DETAILED EXPERIMENTAL DATA IN THE 
LITERATURE TO SUPPORT THE DEVELOPMENT OF AN ACCURATE MODEL 
AND WHAT DATA IS AVAILABLE IS SOMETIMES CONTRADICTORY. 

6. ASTM HOT BOX TESTING CAN ADEQUATELY MEASURE THE STEADY-STATE 
THERMAL PERFORMANCE OF BUILDING SYSTEMS. 

7. THERMAL PERFORMANCE OF REFLECTIVE INSULATIONS IS A FUNCTION 
OF HEAT FLOW DIRECTION. GEOMETRY. CAVITY MITTANCE. 
TEMPERATURE DIFFERENCE; MULTI-DIitENSI0NAl.a EFFECTS,'AND 
SURFACE TEMPERATURE GRADIENTS. 
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1. 

FIRST REFLECTIVE INSULATION ADVISORY PANEL MEETING 
11 OCTOBER 1987 

S-Y OF TASKS 

FABRICATE TEST PANELS CONSTRUCTED WITB MATERIALS THAT HAVE 
BEEN ANALYSED FOR THERMAL RESISTANCE (C518, F433) AND 
EMITTANCE. 

2. 

3. 

4. 

5. 

INSTALL INSTRUMENTATION JN~.TEST PABE" TG MEASURE INTERNAL 
TEMPERATURE FIELDS. 

PERFORM ASTM C236 TESTS ON PANELS IN ACCORDANCE TEST MATRIX 
OUTLINED IN TABLE 1. 

ANALYSE TEST DATA TO ADDRESS PROGRAM GOALS. 

DRAFT A BOOKweT IN LAYMAN'S TERMS,WHICH SUMMARIZES THE -.I~~-~_~.- __L_- ,A__ 
EXPERIMENTAL I 
CONTRIBUTE TO THE EFFECT1 
REFLECTIVE INSULATION.! 

FINDINGS TO ILIXJSTRATE THE FACTORS WHICH 
VE D=G?!~.A"??, E!F?WCE. .!F 

sygTEHs ., 

6. ISSUE FINAL REPORT. 
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1ABLE 1 

SJWAY OLSCRICTIOW Of TEST PANELS AND CCUDIYIWS fill 

OUARDED NOT BON SYWY 

PANEL 1 I Of 1 HEAT fLCU 1 9 Of 1 1 fRN4L 1 ASPECY 1 DELTA Y/ 1 AIRSPAP ; CMEYYS 
, 110. I TLSYS I OIRECYIOl I AIRSPACES 1 

i 
E 1 RATERIM 1 RATIO 1 AIRSPACE I .l memt 1 

1-I-I 

i IS 1 1 5 1 ~IW.I~~RYAL~ 2 1A 5 RORIZORYAL 14 lo-5Df 501 1 0.05 1 EPS I 1 2(1 1 1 106of 1 1 SOf 1 1 TEST PANELS CCUfItlluYIollS IR YDS WI. 10 SIWUIL ; IDEALIZED 

-I-- 

i 

k--- -1- 
1 2A 1 6 1 HmItmYAl 1 1 1 0.05 1 uxx) 1 14 1 10*50f 1 50,nf 1 THE SERIES A AND B PANELS ARE 

’ ?B 1 6 1 WRIZolYAL 1 2 1 0.03 I YOOD 1 28 1 5-Wf 1 %1Wf 1 IDEALIZED CWlfIWRAYIWS. SMPLES xl 

2c 1 6 1 nORI2cuYAL 1 b 1 0.1 1 W 1 16 12.5-12.sf 1 30-W 1 MO SC IYC~PWAYE A CO94ERCIAL 1 

-f--- -k--- -b--- ---+-- 

] PRCOUCY. TEST SERIES 2 AND 3 ME 1 

1 IOEYYIUL EXCEPY 101 fRAHlYG IuYERIAL\ 

3A 1 6 1 AOR12oUyAl 1 1 1 0.03 1 EPS 1 16 1 10.39f 1 39,?'3f 1 10 TEST YIIE EffECY Of IRME 

2 

i 36 SC 1 1 b 6 1 1 WORILOWYM ~0~120~1~~ 1 I 4 1 1 

0.03 EPS 28 3.39f 33.1001 

0.05 1 1 EPS 1 1 s6 1 12.5~12.5f 1 1 30.931 1 1 CWOLICYANCE. I 

--I- 
I -- I --+--- I------- I 

1 4A 1 1 1 NOR12ONYAL 1 1 ) 0.02 1 LPI 1 Y/A 1 SOf ) nf 1 SAVE AS PANELS 2A MD Y YIYN A RASS I 

I 5) 1 1 ~naI2ORYAL~ 1 1 0.P 1 W 1 Y/A 1 50f 1 I)f 1 I~stlL~y1~4 IR uvffv fm foI 

1 CCWARAYIVE WRPOSES. 

I 

1lA 1 12 1 UP 6 DOW 1 IOtiALIZED CCUfIU.lRATION TO SIIUUYE I 

1 TEST PANELS IR NSS WRK. 
1 

12AIl2 /UPrMRlI 1 1 THE SERIES A PANELS CORlAlY A SIRCLS 1 

IlaI 6 I - I 4 1 0.05 I YODD \ 35 \2.%12.% 1 30-931 \ AIRSPACR ON 2X6 S-S, YblE SERIES S 1 

I12cIlI up I 1 1 0.62 1 W 1 WA 1 SOf I m 1 PANELS INCORPORATE A THREE-fOIL 1 

--I--- ---+-- 

1 CWIERCIAL PRCWCY, WHILE THE C 

1 PARELS CONTAIY CUSS INSUUYICU. YRSY 1 

1 0.05 1 LPI 1 9 I lo-5Of 1 30.73f I SERIES 12 AND 13 ME IDENTICAL 

1UI 61 OWN 1 6 1 0.05 1 LPI 1 33 12.5.12.Sf 1 So-%f 1 EXCEPT 101 fRAMINC MATERIAL TO YESY ; 

13c~l~ v I l 1 0.02 1 EPS 1 Y/A 1 Mf I 7sf 1 YIIE EffECY Of fWE cowIucYNlCE. I 

I-I-I I I I I I I .---P-P I I 

IfOYE: A TOTAL Of 98 TESTS TO BR CORDUCYED 01 17 DIffERENy PANELS. 
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AGENDA 

SECOND REFLECTIVE INSULATION ADVISORY PANEL MEETING 

1. 

2. 

3. 

4. 

5. 

6. 

18 FEBRUARY 1988 @ 9:30 - 15:OO 
DYNATECB SCIENTIFIC, INC 

CAMBRIDGE, MA 

REVIEW OF MINUTES FROM FIRST MEETING 

RESPONSE TO ADVISORY PANEL COMMEN'$S __ 

PRESENTATION OF EXPERIMENTAL DATA 

DATA ANALYSIS PRESENTATION 

LUNCM 

TOUR OF LABORATORY FACILITIES 
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FIINDTES OF 

SECOND REFLECTIVE INSULATION ADVISORY PANEL MEETING 

DYNATECB SCIENTIFIC, INC. 
CAMBRIDGE, MA, 

18 FEBRUmY 1988 

Mr. 
Mr. 
Mr. 
Mr. 
Mr. 
Dr. 
Dr. 
Mr. 

Roy Akers R-Fax Technologies, Inc. 
Andre De8jarlais Dvnatech Scientific. Inc. 
Joe FlOrO8 Gnneville Power A&inintration 
Kent Howerton Federal Trade Conminion 
Paul Juneau Alfol, Inc. 
David McElroy Oak Ridge National Laboratory 
Gerry niller Jim Walter Research Coruoratfon 
Monty Billspaugh Reflectix, Inc. 
John Mumaw Owene-Corning Fiberglas 
David Yarbrough Tennemee Tech University 

. GUEsTsmATTENDANCE. 
. 

Mr. Bowen Hyma 
Mr. Brian Robichaud 
Dr. Stephen Smith 
Mr. Ron Tye 

Energy Saver Importm, Inc. 
Dynatech Scientific, Inc. 
Dynatech Scientific, Inc. 
Dynatech Scientific, Inc. 
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2.1 

2.2 

2.3 

? 

e 
2.4 

2.5 

The Advisory Panel met on Thursday, 18 February 1988 at 
9:30. Ten members and four guests registered their 
attendance. 

A. Desjarlais circulated a revised copy of the minutes of 
the first meeting for final review and comment. P. Juneau 
voiced concern regarding the portion of the minutes that 
discusses reflective insulation as part of a system and 
the requirement of systems testing and R. Akera wished to 
reserve judgement to a later time. G. Miller noted that 
the teat matrix still contained errors. A Desjarlais will 
correct the errors in the teat matrix and circulate a 
final copy of the minutes. 

A. Desjarlais discussed the list of comments received 
from members of the Advisory Panel regarding the validity 
of the teat plan in addressing the goals of the 
subcontract. The specific topics that were brought up 
fall into two general categories: the completeness of the 
teat plan and the applicability of steady-state 
experiments in predicting actual in-service perf onnance. 
Additional comments were,recorded? 

1. G. Miller suggested an experiment on a 8 foot high 
airspace to teat for height as well as aspect ratio. 

2. L. Glickaman recommended ,an experiment where the 
emfttance of the stud material was varied to determine 
the radiative interaction between the stud and cavity. 

3. J. Mumaw recommended that an experiment be performed 
to determine the effect of fasteners on the thermal 
performance of the teat panels since different 
fasteners were being used for the wood and XEPS stud 
systems. 

It was proposed that a summary of all comments be 
circulated to the Advisory Panel for comment and priorty 
ranking. An estimate of the effort that, should be 
expended was also requested. A. Desjarlais will 
circulate this list by 7 March 1988 and requested that 
responses be forwarded by 1 April 1988 so that they can be 
tabulated and presented at the next Advisory Panel 
meeting. 

It waa reported that the NBS had proposed to ASHRAE to 
perform a study on reflective insulation systems which 
would include experiments that were complementary to work 
being perf armed under this subcontract. R. Akers 
volunteered to seek NBS approval to release this document 
to the members of the Advisory Panel for their review.. 
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2.6 

2.7 

2.8 

2.9 

2.10 

0. Yarbrough reported that an experiment to measure the 
thermal performance of 
under a dynamic Cycle 

a reflective insulation system 
is going to be performed by Paul 

Shipp of ORNL using their climatic simulator. A quadrant 
of the 13 foot square feat sample is comprised of 2X8 
studs sixteen inches on center with a reflective foil on 
one aide. Two adjoining central cavities are to be 
instrumented with heat flux transducers and temperature 
aena0rs. Steady-state and dynamic experiment8 are 
planned. The selection of the large airspace thickness is 
to extend the present data base to larger Rayleigh Numbers 
for the heat flow down configuration. 
to insert a reflective 

It is also planned 
foil at the midplane to more 

closely approximate the experiments being performed in 
this subcontract. R. Tye expressed concern regarding the 
potential for heat transfer between adjacent quadrants in 
the teat sample. 

A discussion regarding the meaning of "dynamic" thermal 
performance followed D. Yarbrough*s presentation. It is 
generally agreed that there would be some effect due to 
the continuous change in the temperature difference across 
the reflective airspace but some members of the panel feel 
that the difference between steady-state and dynamic 
testing will be more significant than that. 

A. Deajarlaia presented thermal resistance data on the 
building materials used to construct the test panels and 
the mama insulations used in the mass-insulated test 
panels. J. Mumaw suggested that the mass insulation from 
the entire metering section be measured for density. 

A teat panel that will be used for'the vertical heat flow 
experiments was described in detail. The test panel was 
open so that the panel members could view the internal 
instrumentation. Methods for attaching the sheathing to 
the wood studs (metal screws) and XEPS studs (nylon 
threaded rod) were discussed. Because of the difference 
in attachment techniques, J.Mumaw recommended that an 
additional experiment be considered to quantify the effect 
of fasteners. 

Copies of the "data sheetan and thermal performance 
*summary sheets were circulated to the members. The data 
sheet contains the average output of each individual 
sensor for the t&t in question. Because of the number of 
temperature sensors involved in the testing, it was 
suggested that a sensor %apn be made available to the 
panel. The summary sheets contain the average air and 
surface temperatures for the test panel, cavity, and stud, 
the heat flux, the measured R-Value of the test panel,. and 
the calculated R-Value of the cavity using the 
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experimental teat panel data and the ASHRAE isothermal 
planes model or a parallel path model which utilizes the 
measured temperature differences qnd the R-Value of the 
stud to determine the heat flux through the stud. For 
comparison, the R-Value of the cavity predicted by NBS 
HRP32 is supplied. 

2.11 A preliminary review of the teat data suggested to several 
oambera of the panel that the correction for heat flux 
through the wood stud appeared to be too small and that 
possibly the metal screws were responsible. 

2.12 R. Tye regueated that the reflective insulation 
manufacturers forwarp Fny informantion they have regarding 
the application and installation of reflective insulations 
for inclusion into the handbook. An outline of the 
handbook will be discussed at &he next meeting, 

2.13 The next meeting of the Advisory Panel has been scheduled 
for 14:00 on 17 April 1988 at Radiaaon Hotel Atlanta. 

2.14 The guarded hot boxes were inspected by the panel and a 
cursory tour of the laboratory was given. 

2.15 The meeting adjourned at 14:lS. 
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REFLECTIVE INSULATION ADVISORY PANEL 

BALLOT 

PRIORITIZATION OF IDENTIFIED AREAS OF ADDITIONAL WORK 

ITEM TASK PRIORITY EFFORT 
******* ***************t************************************* ********* ******* 

Temperature levels not typical of southern climates. 
Perform tests at higher mean temperatures. ( ?# c236 
tests). 

Testing does not cover entire range of aspect ratios. 
Perform teats with an aspect ratio of 125. (?# C236 
tests). 

Repeat an experiment at the end of the program to 
determine reproducibility. ( 1 C236 test). 

Experimentation limited to three foil systems. Testing 
should include systems with a greater number of foils. 
( What systems, ?# C236 teats). 

Steady-state tests do not represent real applications. 
Perform field experiments. ( What experiments, what 
level of effort). 

Bulk of vertical heat flow tests are with heat flow 
down. Perform additional heat flow up experiments. 
( 71 C236 tests). 

A full height (8 foot) cavity should be tested to 
compare with aspect ratio scaling. (?# C976 tests). 

Measure radiative interaction with stud by varying 
stud emittance. (?# C236 teats). 

Determine the effect of fasteners used in the teat 
panel construction by testing a panel with two 
fastening systems. (1 C236 teat). 

10 New item. 

4 **************************** 
* Return by 1 April 1988 to: l 
* **************************** 

Andre Desjarlais 
Dynatech Scientific, Inc. . 
99 Erie Street 
Cambridge, WA 02139 
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AGENDA 
J 

a THIRD REFLECTIVE INSULATION ADVISORY PANEL MEETING 

1. 

2. 

3. 

4. 

17 APRIL 1988 Q 14:00 - 16:OO 
RADISSON HOTEL ATLANTA 

ATLANTA, GA 

REVIEW OF MINUTES FROM SECOND MEETING 

DISCUSSION OF ADVISORY PANEL BALLOT 

PRESENTATION OF EXPERIMENTAL DATA AND ANALYSIS 

STATUS REPORT ON HANDBOOK 
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MINUTES OF 

THIRD REFLECTIVE INSULATION ADVISORY PANEL MEETING 

RADISSON ATLANTA HOTEL 
ATLANTA, GA. 

17 APRIL 1988 

. -aATTENDANCE. 

Mr. Roy Akera 
Mr. Andre Deajarlaia 
Mr. Roy Reinhart 
Mr. Paul Juneau 
Dr. David McElroy 
Dr. Gerry Miller 
Mr. Monty Millapaugh 
Mr. John Mumaw' 
Dr. David Yarbrough 

. CUEsTslCPZA?*rENDANCE.. 

Mr. Ron Graves 
Mr. Bowen Hyma 
Mr. Ned Nissan 
Mr. Richard Ray 
Mr. James Sparrell 
Mr. Sam Tagore 
Mr. Ron Tye 

R-Fax Technologies, Inc. 
Dynatech Scientific, Inc. 
Bonneville Power Administration 
Alfol, Inc. 
Oak Ridge National Laboratory 
Jim Walter Research Corporation 
Reflectix, Inc. 
Owens-Corning Fiberglas 
Tennessee Tech University 

Oak Ridge National Labortory 
Energy Saver Imports, Inc. 
Energy Design Update 
Manville Salem Corporation 
Sparrell Engineering 
U.S. Department of Energy 
Dynatech Scientific, Inc. 
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f 3.1 

3.2 

3.3 

3.4 

3 :5 

P 

3.6 
d 

3.7 

The Advisory Panel met on Sunday, 17 April 1988 at 14:O0. 
Nine members and seven guests registered their attendance. 

A. Des jarlais circulated a 
second meeting for final 

copy of the minutes of the 
review and comment. The minutes 

were accepted as presented. 

A. Desjarlais circulated a copy of the ballot results for 
discussion. Seventy percent of the ballots had been 
returned. The results were tabulated by summing the 
rankings assigned to each ballot item (an item that was 
deemed most important was given a score of 1, second most 
important a score of 2, etc.). Tvo ballot items, the 
reproducibility experiment and the test to determine the 
impact of fasteners, were given the highest ranking 
(lowest score). It was decided to separate these items 
from the remainder of the ballot and recirculate the 
ballot for Voting after relisting the items on the ballot 
in order of ranking. 

Two new items were identified during the first balloting 
process: The effect of aging due to dust, moisture. and 
corrosion and the testing-of-a "bubblepack' type material. 
It was requested that responses be forwarded by 15 June 
1988 so that they can be tabulated and reported to the 
Advisory Panel with the next mailing. 

0. Yarbrough reported that the experiment to measure the 
thermal performance of a reflective insulation system 
under a dynamic Cycle is presently underway at ORNL and 
that data may be available prior to the next Advisory 
Panel meeting. 

A. Desjarlais reported that thermal resistance 
measurements on the wood studs with metal fasteners had 
been performed. The original samples that had been used 
to measure the thermal performance of the studs were 
modified such that there was an appropriate number of 
metal fasteners per unit area of stud. 
performed in accordance with ASTM C518. 

Testing was 
The thermal 

resistance of the 2x4 and 2x6 studs with metal fasteners 
were approximately 6 and 4 percent less than the studs 
without fasteners respectively. 

Copies of the updated "data sheets" and thermal 
performance msummary sheets" were circulated to the 
members. It was noted that the previous version of the 
summary sheets had an error in the calculated R-Value of 
the cavity by the ASHRAP, isothermal planes model and that 
this had been corrected. This correction yielded much 
better agreement between the two. calculation techniques 
being employed. The summary sheets contained new data on 
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3.8 

3.9 

3.10 

3.11 

Test Panels 3A (single vertical airspace with XEPS studs), 
2C (4 vertical airspaces with wood studs), and 12A (single 
horizontal airspace with wood studs). 

Discussion centered around the test results on Panel 2C 
where the measured thermal resistance of the cavity of 
this panel was approximately 40 percent of the thermal 
resistance calculated from the NBS HRP32 report. R. Akers 
indicated that this was not suprising and that the 
application of reflective insulation in this configuration 
was rarely used for this reason. 

IL We presented a cursory outline of the 
consumer-oriented handbook. It was agreed that a first 
draft of this handbook be forwarded to the members of the 
Advisory Panel by June 30 with comments due back by 15 
August. A second draft will be sent two weeks prior to 
the Tuscan meeting and will be discussed in detail at that 
meeting. 

R. TYe requested that the reflective insulation 
manufacturers-forward any informantion they have regarding 
the application and installation of reflective insulations 
for inclusion into the handbook. 

The next meeting of the Advisory Panel has been scheduled 
for 16:OO on 21 September 1988 at the ASTM meeting in 
Tuscan, NM. 

3.12 The meeting adjourned at 16:lO. 
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* ‘B 
c * 

REFLECTIVE INSULATION ADVISORY PANEL 
BALIOT RESULTS 

PRIORITIZATION OF IDENTIFIED AREAS OF ADDITIONAL WORK 

ITEM TASK SCORE EFFORT 
******* **************~**************************~~~~*~*~~****~*~ l ******** l *************************r 

1 Temperature levels not typical of southern climates. 50 (0) Two to four tests: Tm =llOF, 3 
Perform tests at higher mean temperatures. different heat flow directions. 

2 Testing does not cover entire range of aspect ratios. 52 (0) Two to five tests; AR - 128: 256 
Perform tests with an aspect ratio of 125. 3 different heat flow directions 

3 'Repeat an experiment at the end of the program to 
detennino reproducibility. 

22 (2) 

4 Experimentation limited to three foil systems. Testing 38 (0) Three to six tests:nbubble pack" 
should include systems with a greater number of foils. 7-8 layer, horizontal only. 

5 Steady-state tests do not represent real applications. 53 (2) 
Perform field experiments. 

6 Bulk of vertical heat flow tests are with heat flow 
down. Perform additional heat flow up experiments. 

7 A full height (8 foot) cavity should be tested to . 
compare with aspect ratio scaling. 

8 Measure radiative interaction with stud by varying 
stud emittance. 

9 

10 

Determine the effect of fasteners used in the test 
panel construction. 

39 (1) 

42 (0) 

40 (0) 

22 (3) 

New items: Perform aging tests (dust, corrosion, 
moisture): test "bubblepack product". 

One test. 

Big task, independent from 
present work, need comparison. 

Three to eight tests: modify 
existing matrix or add on to 
existing panels. 

Three to tvehty tests: higher AF 
different heat flow directions. 
tests performed at NBS. 

One to four tests, different 
e, cavity thickness. 

One C236, one C518 test. 



ITEM 
******* 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

REFLECTIVE INSULATION ADVISORY PANEL 

BALLOT II 2 

PRIORITIZATION OF IDENTIFIED AREAS OF ADDITIONAL WORK 

TASK PRIORITY EFFORT 
*t*************************************************** l ******** l ,****** 

Experimentation limited to three foil systems. Testing 
should include systems with a greater number of foils. 
( What systems, ?# C236 tests). 

Bulk of vertical heat flow tests are with heat flow 
down. Perform additional heat flow up experiments. 
( ?# C236 tests). 

Measure radiative interaction with stud by varying 
stud emittance. (?# C236 tests). 

A full height (8 foot) cavity should be tested to 
compare with aspect ratio scaling. (?# C976 tests). 

Temperature levels not typical of southern climates. 
Perform tests at higher mean temperatures. ( ?# C236 
tests). 

Testing does not cover entire range of aspect ratios. 
Perform tests with an aspect ratio of 125. (?# C236 
tests). 

Steady-state tests do not represent real applications. 
Perform dynamic experiments. ( What experiments, what 
level of effort). 

Perform aging tests to determine effect of dust, 
corrosion, and moisture. (What experiments and 
level of effort). 

Perform testing on "bubblepack" type products. 
.(What experiments and level of effort). 

Determine effect of foil spacing hardware by perform- 
ing tests on a 4 airspace idealized system. (What 
tests and how .mapy). 

New Item. 

l l *************************** 

l Return by 15 June 1988 to: l 
* l *************************** 

Andre Desjarlais 
Dynatech Scientific, Inc. 
99 Erie Street 
Cambridge, KA 02139 
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REFLECTIVE INSULATION ADVISORY PANEL 

TOP PRIORITY ITEMS FROM BALI&T # 1 

1 Repeat an experiment at the end of the program to 
determine reproducibility. ( 1 C236 test). 

2 Determine the effect of fasteners used in the test 
panel construction by testing a panel with two 
fastening systems. (1 C236 test & 1 C518 test). 

* 

3 
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Fourth Meeting 

REFLECTIVE INSULATION ADVISORY PANEL 

21 September 1988 @ lb:00 - 18:oo 
Alamo Room 

Sheraton Congufstidor Resort Hotel 
Tucson, AZ 

AGENDA 

1. REVIEW OF MINUTES OF ATLANTA MEETING 

2. RESULTS OF ADVISORY PANEL BALLOT #2 

3. UPDATE ON EXPERIMENTAL DATA 

4. DISCUSSION OF CONTENT AND FORMAT OF HANDBOOK 

a. 
b. 
C. 
d. 
e. 
f. 
9. 
h. 

i: 
. 

Cover, cover description, and Table of Contents 
Introduction 
Function of an insulation 
Types of available reflective insulations 
Uses of reflective insulations 
Installation of reflective insulation 
Factors affecting performance 
Thermal performance 
Summary and conclusions 
Bibliography 
Appendices 
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* 
9 

REFLECTIVE INSULATION ADVISORY PANEL 
BALLOT 12 RESULTS 

PRIORITIZATION OF IDENTIFIED AREAS OF ADDITIONAL WORE 

ITEM TASK SCORE 
******* **********************,******************************* l ******** 

4 

5 

6 

7 

8 

9 

10 

11 

Experimentation limited to three foil systems. Testing 46 (0) 
should include systems with a greater number of foils. 

Bulk OS vertiaal heat flow teete are with heat flow 
down. 

41 (3) 
Perform additional heat flow up experiments. 

Measure radiative interaction with stud by varying 
stud emittance. 

55 (2) 

A full height (8 foot) cavity should be tested to 
compare with aspect ratio scaling. 

59 (01 

Temperature levels not typical of southern climates. 
Perform tests at higher mean temperatures. 

60 (0) 

Testing does not cover entire range of aspect ratios. 
Perform tests with an aspect ratio of 125. 

56 (0) 

Steady-state tests do not represent real applications. 
Perform dynamic experiments. 

51 (3) 

Perform aging tests to determine the effect of dust, 
corrosion, 

63 (0) 
and moisture. 

Perform testing on "bubblepack" type products. 53 (0) 

Determine effect on foil spacing hardware by 
performing tests on' an idealized I-airspace system. 

44 (2) 

T&t with 3/4' plywood in an effort to compare to 3 ballots 
existing test data. 

EFFORT 
*****************************4*** 
Test max number of foils. 

Three to eight teets: modify 
existing matrix or add on to. 

One to four tests, 2 or 3 e's, 
3 cavity thicknesses. 

ARs from 64 to 256, cavities fror 
4 to 8 feet. 

6 tests; Ts - 40, llOF, in 3 
different heat flow directions. 

Same comments as #4. 

Home in mfd'vest tested as 
a representative site. 

4 tests to major task. RBS 
testing may be useful. 

Small I of tests on a previously 
characterized single foil system. 

3 to 6 tests on eystem tested 
with conventional product. 

Small I of teats. 
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