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Radiant Barriers Post-Sputnik
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INTRODUCTION

The 1950’s were a time of great discovery. It was a
time of great optimism and forward thinking, a time
where architecture, the arts, science, and technol-
ogy all took parallel leaps forward. The space pro-
gram, the glass skyscraper, Jackson Pollock and El-
vis Presley, all innovative representatives of an era
of prosperity. In the aftermath following World War
II, America was coming off one of its darkest periods
in history, but in some respects, also its brightest,
in that it forced American industry to collectively
focus on new materials, methods, and technologies
to aid in the common good. Now, in the time after
the war, much of this focused militaristic progress
could be digested, re-contextualized, and incorpo-
rated into the buildings, the music, the everyday
life of Americans. Many of the technologies that
we take for granted in the building industry to-
day, from curtain walls to monocoque structures,
were direct descendants of a post war adaptation.t

During that time period, architecture benefited
greatly from the notion of technology transfer, espe-
cially as architecture itself had not defined itself as
an industry. Since that time, or possibly because of
that time, architecture has failed to amass the same
synergy between seemingly disparate technological
worlds, and in effect has become a commaodity in-
dustry. Architecture is now its own separate realm,
and architectural innovation and research is now
seen as its own discipline, selectively coupling and
splitting from other avenues of research in other
fields where it sees fit. This leads to the stigma that
architectural research is soft. Since World War II,
America has not been faced with such a culminating

series of events, which both challenged and inspired
our technological prowess, and therefore architects
can still afford to be soft.

However, architects are now presented with an envi-
ronmental call to arms. As a society, we are at war
with the environment, and we are being tasked by
our peers, our children, and the human race, to do
better. It is a different context, but architects, as
stewards of the built environment, must react ac-
cordingly. This new call to arms does not follow the
typical model of cause and effect, does not follow the
“theory of grand super cycles” that predicated the
response to WWII. 2 The current situation is different
in that there is an attempt to have a societal change
before a catalyzing event. These are preventative
measures rather than responsive. Architects must
understand that unlike WWII, instead of innovation
informing societal behavior, societal behavior is cre-
ating the demand for innovation. Therefore, it is an
architect’s jobs, in being the creator of the single
largest energy profile by industry sector, to preemp-
tively reflect on the methods of inquiry and inno-
vation of the 1950’s to see what went right. This
will require a re-calibration between architecture
and science, one that fosters successful technology
transfer and design integration.

Then and Now - Radiant Barriers and
Technology Transfer

Many architects are already discussing technology
transfer underneath the larger umbrella of inter-
disciplinary research, where much of the focus is
placed on the latter. However the opportunity of
technology transfer in architecture almost always
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Application

Figure 1. Radiant barrier development timeline.

opens up the realm to an interdisciplinary explo-
ration. Technology transfer is an assured way to
initiate interdisciplinary design. The transfer of
technologies requires an entire team from multi-
ple disciplines to understand, analyze, and adapt
technologies. Architects cannot continue to ad-
vance technologies by their own measures alone,
they must regain the collective. This research
investigation analyzes one of those very mate-
rials developed at that crucial intersection be-
tween technology transfer and architecture over
50 years ago, and through a modern lens of in-
terdisciplinary collaboration, challenges the mate-
rial to reconsider its role in an environment that
has allowed it to remain unchanged to this day.

Radiant barriers were popularized in 1954, when
Clark E. Beck, PE, of Wright-Patterson Air Force
Base engineered the development of radiant bar-
rier technology for the dual purpose of shielding
spacecraft, equipment, and astronauts from exter-
nal radiation, as well as insulating internally from
extreme fluctuating temperatures found in the vac-

Tech. Transfer

uum of space.? After a series of highly publicized
launches and missions, domestic insulation com-
panies began to see striking similarities between
the problems of radiation in space and issues of
radiation in built environments. Soon, millions of
square feet of radiant barrier material were being
specified by architects and engineers all over the
country for domestic home use.

Today, radiant barriers are installed in homes, usu-
ally in attics, marketed primarily to reduce summer
heat gain in warm climates and winter heat loss in
cold climates, helping to keep energy costs low. Bar-
riers consist of a highly reflective material, typically
aluminum that re-emits radiant heat from the sun
back into the environment, rather than absorbing it.
When the sun heats a roof, it is primarily the sun’s
radiant energy that makes the roof hot. A large por-
tion of this heat travels by conduction through the
roofing materials to the attic side of the roof. The
hot roof material then radiates its gained heat en-
ergy onto the cooler attic surfaces, including the air
ducts and the attic floor. A radiant barrier reduces
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the radiant heat transfer from the underside of the
roof to the other surfaces in the attic. A radiant bar-
rier's performance is determined by three factors:
emissivity, reflectivity, and the angle of radiation.
Emissivity is the ratio of the radiant energy leaving
a surface to that of a black body at the same tem-
perature and with the same area. It is expressed as
a number between 0 and 1, the higher the number,
the greater the emitted radiation. The second fac-
tor is reflectivity, a measure of how much radiant
heat is reflected by a material. It is also expressed
as a number between 0 and 1, the higher the num-
ber, the greater the reflectivity. The third factor is
the angle at which the incident radiation strikes the
surface—a right angle (perpendicular) usually works
best. All radiant barriers must have a low emissivity
(0.1 or less) and high reflectivity (0.9 or more).*

The current market for radiant barriers has two main
functional types in the form of foil chips and foil rolls.
Both types are made of the same materials, but are
used in different applications within the housing in-
dustry. Studies have shown these products are suc-
cessful, and according to Danny Parker, Principal Re-
search Scientist at the Florida Solar Energy Center
(FSEC), typically have a 15-20 year life.> However,
maintenance issues have proved to be an area of
concern for both chips and rolls due to the accumula-
tion of dust. Chips must be blown into attic spaces,
increasing installation costs, and thus reducing their
penetration into the radiant barrier market.

In recent years, the widespread use of radiant bar-
riers has fallen out of favor in the building industry.
Much of this is due to a lack of quantifiable results,
and a technology that was rushed to market and
not fully re-engineered or properly calibrated for
building applications. According to experimental
results, the theory behind radiant barriers is sound,
but the material itself has never quite developed
enough to scale to the temperatures seen in terres-
trial applications. The proposed research takes an-
other look at radiant barriers, triggered simultane-
ously by a renewed interest in technology transfer,
a recent to market high performance material, in-
terdisciplinary collaboration, and growing concern
over predictions of climate change.

Climate Change and Growing U.S. Population
Densities

As of right now, 12 states qualify as having hot-
humid or hot-arid climates, and 11 states qualify

as having cold climates, where the use of currently
available radiant barrier technology could poten-
tially be beneficial. This statistic accounts for ap-
proximately 33% of the total US population. The
majority of the US population (67%) lives in what
is defined as a temperate climate, where current
radiant barrier technologies are not cost effective
due to their singular performance (only work in hot
climates or cold climates based on material and in-
stallation characteristics).

66 Mil (21%)

207 Mil (67%)

in Climate Types

309,000,000

Total United States Population in 2010

Figure 2. 2010 US climate typology and affected
population.®

According to conservative climate change reports,
it is estimated that by 2050, roughly 55% of the
projected total US population will transition to a
hot-humid or hot-arid climate type. Furthermore,
the amount of states in a cold climate zone drops
from a 2010 count of 11 to a 2050 level of only 6,
which at that moment will account for less than 2%
of the projected 2050 population. Temperate cli-
mates typologies replace this decline in cold states,

207 Mil (43%)
202 Mil (41%

in Climate Types

486,000,000

Projected Total United States Population in 2080

Figure 3. Projected 2050 US climate typology and
affected population.”
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and at the 2050 levels comprise approximately
43% of the total projected US population.

By 2050, an estimated 218,000,000 US residents
would benefit from hot climate radiant barriers,
173,000,000 currently have no radiant barrier op-
tions, as the temperate climate is too dynamic for
current radiant barrier technologies, and less than
7,000,000 can benefit from cold climate radiant
barrier technologies.® Based on these shifting num-
bers, this research looks into the development of
both better performing hot climate radiant barrier,
and the possibility of creating a multi-performance
radiant barrier that can deal with the complexities
of temporal shifts and the dual radiant needs of a
temperate climate.

The research develops the multiple performance
metrics needed for a temperate climate radiant
barrier through the lens of technology transfer,
specifically a new high-performance engineered
mesh, through a quantifiable architectural proof
of concept model utilizing an interdisciplinary col-

10”m 10°m 10°m

Aluminet:

laboration with the Auburn University Department
of Kinesiology and the Auburn University Design-
Build Program that aims to understand the issues
regarding material appropriateness, ease of con-
struction, maintainability, and price points in the
architectural radiant barrier industry.

THE RECURSIVE EXPERIMENT:
COLLABORATIVE EDUCATION

The Master of Design-Build program at Auburn
University takes a cross-disciplinary approach, col-
laborating among the School of Architecture and
the McWhorter School of Building Science. It pro-
poses to blur the lines of disciplinary boundaries
by featuring partnerships and shared expertise.
The Master of Design-Build is offered through two
tracks: one based on a studio teaching format and
designed for graduates aiming for a design-based
career path (Design Track); the other grounded in
construction management and designed for gradu-
ates interested in a construction-based career path
(Construction Track.) Each track seeks to foster

10'm 10°m 10°m 10°m 10°m 10%m

a special knitted screen made from metalized HDPE. The fibers are produced from mono-oriented HDPE, giving
the fiber durability and longevity. After an aluminum metalization process, the films are covered with a special

anti-oxidation coating. The net is knitted into a precise uniform texture. Various densities available.

Figure 4. Aluminet areas of scalar inquiry.*!
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an integrated delivery of projects in the built en-
vironment, leveraging the most current strategies
in project development, risk analysis, and digital
tools.® In the spring 2011 semester, 12 graduate
students, 6 Design Track and 6 Construction Track,
are enrolled in Sustainability for Integrated Project
Delivery. The course’s focus is on the principles,
terminology, and methods of sustainable design
and construction, with an emphasis on the role of
interdisciplinary design collaboration. Additional
faculty involvement includes faculty from the Ki-
nesiology Department, who contribute through
experience with the material under investigation,
Aluminet, and the use of the program’s heat cham-
ber laboratory. This team structure is thus diverse,
and the course benefits from the varied perspec-
tives and insights.

Technology Transfer Vessel: Aluminet
Aluminet is a reflective mesh fabric (designed to

be used on greenhouses) that is unique in that it
reflects sunlight while still allowing airflow. It was

PRODUCTS

i TestModule
% Buid-Out

PROCESSES

A A N
DBLOR S DELD RN DELDY & DBLONNN DBLD
L ‘N-';’

PEOPLE

©

\/ ]

Phase 1 - Analysis + Design

DOCUMENTS

Figure 5. Experiment organizational semester timeline.

originally patented in Israel and first used in the
country’s large expanse agricultural sites, specifi-
cally for its multifaceted benefits, simultaneously
reflecting unwanted sunlight and harmful radiant
heat during the summer and insulating during the
winter months. Aluminet is made from a metal-
ized high-density polyethylene (HDPE) thermoplas-
tic knitted into the form of a screen. It is specially
treated to prevent oxidation and due to its material
and woven characteristics, lends itself to protect-
ing against frost radiation damages, repelling pests,
moderating day/night temperatures, and preventing
condensation build-up. The use of reflective mate-
rial also provides maximum radiation reflection on
both sides day or night, reduces heat buildup inside
the structure, provides effective heat preservation
under the screen, increases light, and has uniform
irradiation transfer in the range from ultra-violet to
far infra-red while being highly resistant to ultra-
violet radiation. As a benchmark of its performance,
Aluminet has been proven in laboratory testing to
reduce greenhouse temperatures 9-14%.%°

»
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The knitted composition of Aluminet also lends it-
self to being easily adapted as a building material.
It is durable and will not unravel and can be cut
and sewn at any angle with no fraying or damage
to the cloth under normal use. Aluminet is avail-
able in five varieties, categorized by the percent
shade provided. They are characterized as Alumi-
net R 30 (%), 40 (%), 50 (%), 60 (%), and 70
(%). Standard widths range from 6.5 to 28 feet
and roll lengths are available up to 1600 feet. It
is an extremely resilient material, and maintains a
five-year warranty against ultra-violet exposure in
greenhouse applications. 12

The collaboration with the department of Kinesiol-
ogy is vital to the success of this project. Through
a technology transfer initiative, potential is spotted
for the use of the Aluminet material in buildings.
Although the material is originally marketed for ag-
riculture, e.g. greenhouses, the Kinesiology depart-
ment has explored alternative uses. Of particular
interest is the material’s thermal protection for hu-
mans. A garment of Aluminet was constructed and
one conceptualization was for its use in football to
keep athletes cool while standing on the sidelines
in the heat of the day. The Kinesiology Department
regularly uses its environmentally controlled ther-
mal chamber to monitor human subjects in a vari-
ety of conditions. The use of this thermal chamber
allows the Design-Build students to conduct a wide
range of tests and monitor a number of critical val-
ues while investigating Aluminet.

Disciplinary Is the Driver of Interdisciplinary

The premise of this course is to challenge the stu-
dents with an open-ended problem that they are to
tackle as a class team. They are allowed the free-
dom to approach the problem as they see fit, us-
ing whichever resources they deem necessary, as
long as they co-develop it with students and faculty
within the Auburn University Department of Kinesi-
ology. The class meets twice a week for a total of 3
hours. Tuesdays are allotted to the design/presen-
tation/implementation of the class experiment, and
Thursdays are devoted to other non-related class
material, which include theoretical readings, case
studies, and presentations.

During the Tuesday sessions, Architecture and Ki-
nesiology faculty along with a group of four gradu-
ate students from the Kinesiology department sit
in on the class, which is conducted as a class long

charrette. The Kinesiology group is selected based
on their familiarity with the Aluminet material and
experience with testing within the Kinesiology de-
partment’s thermal chamber. The group directs
and contributes to discussions that relate to the
experiment in class. For all intents and purposes
they are consultants. The faculty knows only that
the students need to conduct an experiment within
a semester’s time that uses the Aluminet material
in an architectural application and are able to uti-
lize the Kinesiology department’s equipment and
expertise in the testing process. As the Design/
Build students quickly find out, their disciplinar-
ity and expertise becomes the driver focusing the
direction of interdisciplinary collaboration, and in
effect, limiting their freedom by creating produc-
tive restraints. After weeks of back and forth dis-
cussions, emails, and meetings, the students’ par-
ticular objective is to explore the integration of this
alternative type of radiant barrier, Aluminet, in new
construction and retrofit.

The students ground this exploration on the basis
that traditional home insulation limits heat transfer
into and out of the home via conduction and ne-
glects radiation. 13 ** Based on initial research the
teams find data showing that homes in hot locales
such as Florida have seen energy savings by uti-
lizing radiant barriers restricting heat transfer into
the house. *> It is therefore the initiative of this
group to enlarge the market for radiant barriers
with the use of a new material, which blocks ra-
diation in both hot and cold climates and possibly
leads to use in temperate climates as well.

EXPERIMENTAL DESIGN

The experiment studies the performance of Alumi-
net in comparison to the current market radiant
barriers installed using the four typical methods
depicted below in Figure 4, above rafters, under
rafters, above ceiling, and on sheathing. The proj-
ect begins by constructing thirteen model houses
used to simulate a typical house. Each house is
constructed utilizing a typical bubble foil radiant
barrier, a sample of Aluminet 50% Screen, or a
sample of Aluminet 70% Screen. All tests are con-
ducted against a control model house that contains
no radiant barrier to ensure the most accurate end
results. The following is a list of the combinations
of radiant barriers and the installation methods be-
ing utilized:
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Figure 6. Barrier type, application, and installation.

In addition to the combinations of the different types
of radiant barriers, two climate types are simulat-
ed to represent the areas of typical use for radiant
barriers. The climate simulations are determined
by laboratory constraints. The lowest achievable
temperature in the testing facility is 2°C and will be
representative of an average cold temperature day
in a temperate climate. The warm temperature is
defined as 38°C to simulate a typical warm day in a
hot-arid climate. A number of different testing tools
are utilized to obtain results, as well as different soft-
ware applications. The testing is conducted in the
laboratory of the Auburn University Kinesiology De-
partment in a temperature controlled lab space by
a group of Kinesiology graduate and PhD students.

In order to determine how well heat reflects out of
the attic space, the test room is set to 38°C to sim-
ulate the warm climate. Heat lamps are placed di-
rectly over the individual model houses to simulate
the sun and heat radiation experienced during the
day, in both the hot and cold environment testing.

Radiant Barriers

In order to determine how well heat enters and
stays in the materials of the attic space, the test
room temperature is set at 2°C to simulate a cold
climate. The four model houses are placed in the
general lab space, outside of the thermal chamber,
to acclimate to room temperature at approximate-
ly 24°C. Once the interior temperatures reach
24°C, the modules are moved into the thermal test
chamber and observations are made to determine
the duration for heat to dissipate through the roof.

Scale Prototypes Construction

The first step in the build-out of the experiment is
the design and construction of thirteen model hous-
es. After a series of charrettes with the Kinesiology
students and professors, it was determined that ex-
periment is best suited in the simulation of the ef-
fectiveness of a radiant barrier on a house by testing
multiple radiant barrier types in different installation
locations on model houses. By simulating an actual
house, the design augments a standard model house
to include some typical features found in residential
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Figure 7. Testing variables and materials list.

construction. The Kinesiology students created a
checklist of zones that include: a ceiling to simu-
late the difference in attic space and living space,
an elevated floor to enclose the building envelope
and decreases air leakage, and a zoning envelope of
R-13 batt insulation lining the interior walls and the
ceiling in the attic space. Also, the Kinesiology stu-
dents recommend that the front panel of the model
house is removable to allow ease of access for the
thermal probes and to decrease acclimation time.

The Design/Build project team ensure accuracy and
improve efficiency by calculating materials needed
and costs expected to construct thirteen model
houses as displayed above in Figure 7.

Testing Procedures

To maintain a controlled environment and ensure
equal testing conditions, the four model houses,
exhibiting the four modes of radiant barrier instal-
lations are examined simultaneously. The houses
are placed in the testing facility early to acclimate
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to temperature equilibrium. The measurement of
the initial temperature and humidity level is taken
for consistency between the different sets of hous-
es. Throughout the experiment, the Kinesiology
students monitors the setup and record tempera-
ture readings on 15-minute intervals for 90 minutes
upon exposure to the imposed hot or cold climate.

To determine how well heat either enters and stays
in the materials or reflects out of the attic space,
test results are collected using Infrared Technology
by the Department of Kinesiology. Computerized
Thermal Imaging, Inc. (CTI) software and a CTI
Processor Camera are used by Kinesiology grad
students to provide a real-time computer image
of the model house surfaces color-coded by tem-
perature. The computer software offers an exact
surface temperature reading for each pixel in the
image. Since only surface temperature readings
are available from the CTI camera, probes are in-
serted into each model house, one in the attic and
one in the living space, for interior temperature
readings using an YSI Precision 4000 Thermom-
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Figure 8. Templates for scale model build-out.

eter. The interior temperature readings may also
be determined using the WIBGET Camera on a tri-
pod equipped with a heat stress monitor. Thermal
reading access in test houses is carefully coordinat-
ed by collaboration between the Design/Build and
Kinesiology students, to ensure that the houses are
built with the end goal of testability.

Figure 9. 13 doghouses in 8 hours.
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The test documents the temperature readings in
four locations: the environment outside the struc-
ture, the roof surface, the attic space, and the liv-
ing space of the house, as depicted in Figure 11. To
achieve an accurate reading, the individual probes
are secured in the individual spaces of each house
avoiding surface contact, mitigating heat conduc-
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Thermography:
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Thermal imaging cameras detect radiation in the infrared range of the electromagnetic spectrum
(9000-14000 nanometers) and produce images of that radiation. The amount of radiation emit-

ted by an object increases with temperature, allowing one to see variations in temperature.

Figure 10. Thermography areas of scalar inquiry.

tion. The temperatures are recorded manually and
are then exported into Microsoft Excel, producing a
dataset of results in spreadsheet format. Camera
images are also exported for further, visual docu-
mentation. The temperature range and pixel in-
crements are set the same within each test, and
allow the Kinesiology students access to mean,
standard deviation, and maximum/minimum tem-
peratures over a selected zone of the image. The
center shingle is the zone selected for the image to
analyze temperature distribution.

EXPERIMENTAL RESULTS

In order to accurately represent the results in a
clear and concise manner, the main summary ta-
bles are shown and discussed in this section. The
results are broken down into charts based on the
either the locations of the probes or representative
climate type. The data in the charts is organized by
installation methods and the material applied.

Cold Environment Chamber Data

Cold Temperature Change in Attic (°C/min.)

Alum | Alum
Test 50 70 Bubble | Control

Below Rafters | (0.23) | (0.25) | (0.29) | (0.21)

Above Rafters (0.21) | (0.14) | (0.25) | (0.22)

Above Ceiling | (0.27) | (0.27) | (0.31) | (0.24)

On_Sheathing | (0.22) | (0.23) | (0.22) | (0.23)

The most significant piece of data in the above ta-
ble is the performance of the Aluminet 70 when
installed above the rafters. This test performs far
better than the control house with a (0.14 °C/min.)
change in temperature. The next trend to notice is
the poor performance of the bubble radiant barrier
throughout all application methods.
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Testing Protocol

Computer Setup

Check
probes ¢

Acclimate module to 75
F by removing end modules and camera

Cold=35F

Thermal Lab Preparation

Figure 11. Test protocol — computer setup.

Cold Temperature Change in Living (°C/min.)
Alum | Alum
Test 50 70 Bubble
Below_Rafters | (0.18) | (0.13) | (0.13) (0.10)
Above Rafters | (0.14) | (0.14) | (0.16) (0.11)
Above_Ceiling | (0.16) | (0.19) | (0.17) (0.12)

On_Sheathing | (0.13) | (0.17) | (0.16) | (0.12)

Control

All radiant barrier types tests taken in the living
space perform to some degree worse than the
control house. The closest to the control house’s
performance numbers are the Aluminet 70 in both
rafter installations, with only a 0.3 deviation from
the control house benchmarks. Although no test
sample performs as well as the control house, it is
notable in the discussion of the combined temper-
ate performance to note that the differences are
not significant between the Aluminet 70 and the
control. Based on both cold sets of data, neither of

Mark locations for test

the Aluminet test materials are suggested for use
in a strictly cold climate.

Hot Environment Chamber Data

Hot Temperature Change in Attic (°C/min.)
Alum | Alum
Test 50 70 Bubble | Control

Below_Rafters 024 | 024 0.21 0.25

Above Rafters 0.26 0.23 0.20 0.26

Above Ceiling 0.28 0.27 0.27 0.29

On_Sheathing 0.20 | 0.20 0.16 0.21

The bubble radiant barrier performs the best amongst
these tests, with the results being significantly lower
than the control house. Both Aluminet products pro-
duce temperatures changes lower than that of the
control house, and in some instances, match the
performance of the highly insulated bubble foil. The
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Figure 12. Test protocol - data collection.
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trend throughout this data is that any type of in-
stalled radiant barrier is better than the control.

Hot Temperature Change in Living (°C/min.)
Alum | Alum
Test 50 70 Bubble

Below_Rafters 0.09 | 0.08 0.08 0.09

Control

Above Rafters 0.10 | 0.08 0.10 0.13

Above_Ceiling 0.09 | 0.09 0.07 0.10

On_Sheathing 0.08 | 0.08 0.07 0.08

This data is very similar to the data presented in the
attic tests, but the temperature changes are not as
significant. The most noteworthy piece of data is
the temperature change of the Aluminet 70 radiant
barrier installed above the rafters. This change was
(.08), which is much lower than the control house
temperature change of (0.13). Throughout the
tests the Aluminet products performed the same if
not better than the control house.

Aluminet 70 Bubble Radiant

Barrier

Aluminet 50

Figure 13. Synthetic climate analysis matrix

Synthetic Temperate Climate Data

Based on the two-tiered nature of the problem scope,
the analysis of performance of radiant barriers in a
temperate climate with consistent temporal swings
is more complicated than the thermal chamber is
capable of accurately representing. After discuss-
ing the issues of projecting performance without the
availability of specific testing capabilities, the Kinesi-
ology team worked with Architecture team in the de-
velopment of algorithms to synthesize results based
on the previous tests. The Architecture team then
worked in developing a graphic way of displaying this
algorithm to aid in presenting the proposed results.
The projected temporal climate performance comes
in the form of synthesizing the results from all tests
to arrive at, which, if any, radiant barriers have a
satisfactory blended average between hot and cold
weather temperature performance.

All of the above data is plotted on a four-quadrant

rose matrix in regard to material, installation loca-
tion, and temperature change (°C/min.) and then

Control

Area of total ~ Area of total

temperate

weather

performance.
performance.

\\\ Rate of Temperature Change (°F/min)
Climate Type & Probe Location
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the four plot coordinates are connected to form a
quadrilateral. By calculating the area of the in-
scribed quadrilateral, the research team arrives at
a way of quantitatively comparing the blended cli-
mate performance of each material in each location
through the course of all the tests.

The smaller the area of the quadrilateral, the bet-
ter the material in the installed position performed
all around, and therefore would perform best in a
temperate climate.

According to this proposed metric, the Aluminet 70
installation above the roof rafters is projected to
perform significantly better than any other mate-
rial/installation cocktail. This sequence also has
the lowest combined change in temperature for
both space zones (living and attic space), and has
excellent heat temperature change characteristics.
The experimental team finds this to be an exciting
discovery, and the positive performance of the ra-
diant barrier in the large spectrum of temperatures
is a testament to the density of the mesh and its
installation above the roof rafters. As of yet, the
team does not fully understand the implications of
this, but take it as an area for further research.
But, the team does know that given the dynamic
performance characteristics of the Aluminet mate-
rial as both a radiant barrier and insulator, there is
great potential in the material performing in varied
climatic conditions simultaneously.

Future Research

The current research project acts as an effective
proof of concept for the use of Aluminet in resi-
dential insulation applications and is the first of its
kind. There are many avenues for future research
directions for both the Architecture and Kinesiology
departments. For the Design/Build team, the most
obvious research track is to continue to test perfor-
mance for both hot and cold climates as singular
performance conditions. In this regard the experi-
mental team feels that scaling the model houses to
more accurate sizes will yield more representative
results. Integrating venting into the housing will
also have an impact, especially since the Alumi-
net is a vented material, thus conducive to natural
convection.'® In regards to testing environment,
future tests can more accurately portray real-life
conditions. Most specifically, they can involve in-
ternal temperature control of the models. This

can be achieved through portable heaters and air-
conditioners being placed within the models. This
will provide more realistic heat transfer rates in the
latter stages of testing, because the structural ma-
terials will develop a temperature gradient.?’

The Kinesiology team is looking into the engineer-
ing of the material itself. This experimental team
is currently in the process of incorporating Auburn
University’s Textile Engineering Department in the
development of a proprietary modification of the
Aluminet material that would begin to address spe-
cific issues in heat transfer relative to the built en-
vironment. These include varying the mesh den-
sity for easy installation and maintenance, locally
varying mesh density based on install location and
performance requirements, the creation of hybrid
products (marrying roof sheathing and modified
Aluminet into a single building component), and
engineering scales of economy to reduce produc-
tion costs of the material.

The final avenue for further research, and to both
teams, the most exciting, is the potential to con-
tinue to develop a temperate climate applicable ra-
diant barrier system. As it would be the first radiant
barrier ever to perform in such a dynamic manner is
incredibly exciting to all involved. Further research
in this regard will develop much in the same man-
ner as outlined above for the evolution of the single
performance climate tests, however there are many
variables that need to be addressed in the testing
methodology in order to develop a single, compre-
hensive test that can test all temperatures concur-
rently. The Kinesiology team is in the process of de-
veloping a new procedure and possibly locate a new
facility where this type of testing protocol is feasible.
This series of tests will be the main focus of the next
incoming Design/Build cohort in the spring of 2012.

APPLICATION TO EDUCATORS

The course serves as a great example for successful
technology transfer implementation within the class
setting. The extensive collaboration between the
departments of Kinesiology and Architecture are in-
strumental in the success of the experiment and the
class as a whole. It is to be noted that it is not just
Architecture that can use this technique; and in fact
one would be hard-pressed to identify a field that
cannot benefit from interdisciplinary curriculum.
Education is a prime area in which to use technol-
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ogy transfer. Universities are commonly at the cut-
ting edge of research in many fields and a university
has nothing to lose by sharing technologies among
departments. Inter-institution intellectual property
agreements can enhance progress even further. As
the bridge between academics and industry contin-
ues to shrink, hopefully architecture schools around
the country will begin to see the inherent opportuni-
ty in partnering with the private sector in the devel-
opment of new building technologies. It is through
this model that highly commoditized building indus-
tries can again afford to re-integrate research and
development into the business model. The authors
hope that first and foremost, spreading knowledge
of the success of this particular course will encour-
age other similar institutions and their respective
programs to adopt similar courses in an effort to
proliferate the practice of technology transfer that
was once common practice.
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