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ABSTRACT 

This paper gives a summary of the efforts at 
ORNL in modeling residential attics with radiant 
barriers. Analytical models based on a system of 
macroscopic heat balances have been developed. 
Separate models have been developed for horizontal 
radiant barriers laid on top of the insulation, and 
for radiant barriers attached to the bottom of the 
top chords of the attic trusses. The models include 
features such as a radiation interchange analysis 
within the attic space, convective coupling with the 
ventilation air, and sorption/desorption of moisture 
at surfaces facing the attic enclosure. The paper 
gives details of the models and the engineering 
assumptions that were made in their development. 
The paper also reports on the status of efforts that 
are underway to verify the models by comparing their 
predictions with the results of laboratory and field 
tests on residential attics and test cells, both 
with and without radiant barriers. Comparisons are 
given for a number of selected sets of experimental 
data. Suggestions are given for needed model 
refinements and additional experimental data. Plans 
for utilization of the models for extrapolation to 
seasonal and annual performance in a variety of 
climatic conditions are also described. 

The application of radiant barriers in 
residential attics is becoming increasingly popular. 
Experiments that have been performed by a number of 
organizations have clearly demonstrated that radiant 
barriers are effective in reducing ceiling heat 
flows, especially under cooling conditions. "13 
While the results from these experiments are 
generally in qualitative agreement in indicating 
heat flow reductions, there is a controversy 
regarding the magnitude of the thermal performance 
of these systems. The reasons for the differences 
among the various results are not understood at 
present, but may be at least partly due to the 
different conditions under which the experiments 
were performed. There is a need to understand the 
extent to which experimental results differ and the 
reasons for these differences. 

Since many of the experiments have been limited 
to time periods of a few days or weeks at various 
times during the year, and have been performed in 
the warmer parts of the country, there is a need to 
asaesa the performance of radiant barriers on a 
seasonal and annual basis, as well as in a variety 
of climatic conditions. 

Analytical models offer means for addressing 
both these issues. They are useful in sorting out 

reasons for differences among the various sets of 
data, and in extrapolating the experimental results 
to other conditions. This paper gives a summary of 
the efforts underway at the Oak Ridge National 
Laboratory (ORNL) in modeling the thermal 
performance of residential attics with radiant 

I 

barriers. The first section gives a description ok 
the models that have been developed, the features , 

that are included within them, and the engineering 
assumptions that were made in developing them. The 
next section discusses the efforts that are underway 
to verify the models by comparing their predictions 
with experimental data. Finally, plans are 
discussed for the utilization of the models for 
extrapolation to seasonal and annual performance in 
various climates. 

Models for building components may be developed 
at various levels of detail. For very detailed , 
studies, finite element or finite difference models 
may be useful. For example, the Florida Solar 
Energy Center is developing a finite element model 
for attics with radiant barriers that would solve I 
for details of temperature, heat flux, and air flow 
fields within the attic. A number of less detailed 
models have been developed using systems of heat 
balances on an hour-by-hour basis. During a revidw 
of the models that were available at the time,14 the 
author concluded that the best model was the one 
that had been develo ed by B. Peavy at the ~ation41 
Bureau of Standards .15 Subsequently, the author 1 
added several improvements to this model.16 Within 
the last year, under the sponsorship of the 
Department of Energy and the Tennessee Valley 
Authority, this model has been further enhanced i 
order to apply it to attics that contain radiant 
barriers of various types. 

The sketch of an attic given in Figure 1 sho 
the various heat transfer phenomena that occur 
within an attic. The model treats all of these 

at the interior and exterior surfaces of the 
phenomena through a system of heat balance equati 

I 
ceiling, roof sections, and gables, as well as a I 
heat balance on the air mass within the attic. To 
handle the case of raised trusses, short vertical 
walls at the eaves were also included. Each of the 
surfaces is assumed to be isothermal. Thus for an 
attic consisting of a ceiling, two roof sections, 
two gables, two vertical eave sections, and one air 
space, a total of 15 heat balance equations are ' 
used. 

Conduction through each of the surfaces is 
handled using thermal response factors. l7 The 
response factor equations relate the surface heat 
fluxes at a particular time to the present and 
previous temperatures at the two surfaces of the 
component. The response factor equations represe 
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Figure 1. Schematic of Residential Attic Showing 
Heat Transfer Phenomena 

an exact solution of the heat conduction equation 
for one-dimensional heat flow through a multilayer 
slab with temperature-independent thermal 
properties, with the only approximation being that 
the surface temperatures are taken to vary linearly 
between their hourly values. The model also 
utilizes an approximation that was developed to 
account for the temperature dependence of the 
thermal conductance of the component. l6 The effects 
of framing are incorporated by adding response 
factors using a parallel path approach. 

Convection heat transfer from surfaces is 
calculated using convection heat transfer 
coefficients that are available in the literature.18 
The coefficients are based on correlations that have 
been developed for isolated isothermal flat plates. 
Correlations for natural convection are in the form 
of Nusselt numbers as a function of the Rayleigh 
number, while those for forced convection are in the 
form of Nusselt numbers as a function of Reynolds 
number. Correlations for both laminar and turbulent 
flow are used, depending upon the magnitude of the 
Rayleigh or Reynolds numbers. The Rayleigh number 
is calculated from the temperature difference 
between the surface and the average temperature of 
the air in the attic space, a characteristic 
dimension of the surface, and thermophysical 
properties of air evaluated at the film temperature. 
The Reynolds number is based upon an estimate for 
the velocity of the air flow over the surface, the 
characteristic dimension, and properties of air at 

the film temperature. For flows over the exterior 
surfaces, the wind speed is used. For flows over 
interior surfaces, an estimate of the air speed is 
made by dividing the ventilation volume flow rate by 
an average cross sectional area for the attic. The 
correlations account for the effects of the 
following variables: surface-to-air temperature 
difference, heat flow direction, film temperature, 
surface size, and surface orientation, as well as 
laminar vs. turbulent flow, and natural vs forced 
flow. Separate coefficients are calculated for 
natural and forced flow. A mixed coefficient is 
calculated by taking the third root of the sum of 
the cubes of the two separate coefficients.19 

The applicability of correlations based on 
isolated isothermal plates exposed to an isothermal 
air mass has been questioned. A possible 
improvement is to use correlations for isolated 
isothermal lates exposed to an air mass that is 
stratif ied.q0-21 However. a better improvement 
would be to use correlations that account for 
coupling of the various surfaces rather than those 
for isolated plates. A number of studies have been 
reported for convection within a triangular 
enclosure. 22-28 These correlations have two 
deficiencies for attic modeling. The first is that 
they were obtained for systems that have isothermal 
surfaces, even at the intersections of the surfaces. 
This leads to a large contribution due to conduction 
in the "tip regionn that would not be present in a 
real attic. The other deficiency is that the 
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cor re la t ions  were obtained f o r  enclosures t h a t  a re  
sea led ,  and so  would appear t o  have l imi ted  
a p p l i c a b i l i t y  t o  a t t i c s  t h a t  a r e  v e n t i l a t e d .  

A number of engineering approximations a r e  made 
i n  the  treatment of rad ia t ion  within the a t t i c .  
Each of the surfaces is assumed t o  be plane,  gray,  
and isothermal. In add i t ion ,  the surfaces a r e  
assumed t o  be d i f fuse ly  emi t t ing  and r e f l e c t i n g  and 
t o  have a uniform rad ian t  f lux  over the sur face .  
With these assumptions, the  r a d i a t i o n  interchanges 
a r e  ca lcu la ted  using the enclosure method described 
by Sparrow and ~ e s s  . 2 9  With t h i s  method, view 
fac tors  a r e  ca lcu la ted  among the  various sur faces .  
The enclosure method accounts f o r  a l l  i n t e r -  
r e f l e c t i o n s ,  and allows each o f  the surfaces t o  have 
a d i f f e r e n t  emittance . The Stefan-Boltzmann ( T ~ )  
rad ia t ion  law is b u i l t  i n t o  the  equat ions.  By 
fac tor ing  the nonlinear equat ions,  i t  is possible  t o  
preserve a s e t  of hea t  balance equations t h a t  have a 
l i n e a r  form. 

Heat t r a n s f e r  t o  t h e  v e n t i l a t i o n  a i r  stream is 
t rea ted  by Peavy's method. The a i r  is assumed t o  
e n t e r  with the  temperature of the outdoor a i r .  I t  
then flows along a f i c t i t i o u s  flow path where it  
picks up hea t  by convection from each of the 
surfaces facing the a t t i c  space. The areas  of each 
aurface a r e  assumed t o  be d i s t r i b u t e d  uniformly 
along the flow path. The r e s u l t  is a f i r s t  order  
d i f f e r e n t i a l  equation f o r  the temperature of t h e  a i r  
along its path.  From t h i s  an e x i t  a i r  temperature 
i s  ca lcu la ted ,  a s  well a s  an average a i r  
temperature. 

The r a t e  of v e n t i l a t i o n  a i r  flow is determined 
from a combination of s t a c k  and wind pressure 
e f f e c t s .  Vent i l a t ion  r a t e s  a r e  ca lcu la ted  a s  the 
product of the vent a r e a ,  a discharge c o e f f i c i e n t  
(about 0.6), and the square root  of a pressure 
d i f f e r e n t i a l .  For the s tack  e f f e c t ,  the pressure 
d i f f e r e n t i a l  I0 t h a t  from the bouyancy due t o  
differences i n  densi ty between the a i r  within the  
a t t i c  space and t h a t  outs ide the a t t i c .  I t  is 
calculated using t h e  outdoor temperature and the  
average temperature within the a t t i c  space. The 
pressure d i f f e r e n t i a l  due t o  wind is  taken t o  vary 
with the square of the wind speed. There appears t o  
be a good dea l  of uncertainty i n  t h i s  v e n t i l a t i o n  

algorithm. One quest ion is  whether the  s tack  e f f e c t  
should be based upon the  average a t t i c  a i r  
temperature o r  on some o ther  more appropriate  
temperature. Also, t h e  e f f e c t i v e  discharge 
c o e f f i c i e n t s  f o r  wind pressures  a r e  uncertain.  An 
addi t iona l  source of v e n t i l a t i o n  flow through the 
a t t i c  is  a i r  t h a t  e x f i l t r a t e s  from the house. This 
flow is  added t o  the flow t h a t  comes from outdoors. 

Approximations have been b u i l t  i n t o  the  models 
t o  account f o r  t h e  l a t e n t  h e a t  e f f e c t s  due t o  
s o r p t i o n  and desorpt ion of  moisture a t  the  wood 
sur faces  t h a t  face the a t t i c  space. These general ly  
follow the suggestions given by Burch, e t .  a1. 30 and 
~ l e a r ~ . ~ ~  I n  t h i s  model, the humidity r a t i o  a t  the  
wood sur face  is ca lcu la ted  from the  moisture content 
o f  the  wood and t h e  sur face  temperature. A mass 
t r a n s f e r  c o e f f i c i e n t  is  then ca lcu la ted  from the 
convection hea t  t r a n s f e r  c o e f f i c i e n t  assuming an 
analogy between h e a t  and mass t r a n s f e r .  With t h i s ,  
a moisture balance is performed on the  a t t i c  space 
t h a t  includes d i f f u s i o n  o f  moisture through the 
sur faces ,  convection o f  moisture i n t o  the a t t i c  
space from the ou ts ide  a i r  and from e x f i l t r a t i o n  
from the  house, convection of moisture out of  the 
a t t i c  space by the v e n t i l a t i o n  a i r ,  and moisture 
t r a n s f e r  t o  o r  from the  wood sur faces .  From t h i s ,  
the flow of moisture t o  o r  from each of the surfaces 
fac ing  the a t t i c  space is c a l c u l a t e d ,  and t h e  l a t e n t  
h e a t  e f f e c t  is est imated.  The i n t e n t  of t h i s  
treatment of  moisture is  only t o  est imate the  e f f e c t  
of l a t e n t  h e a t s  on the  h e a t  flow r a t e s ,  and not t o  
determine the  accumulation of moisture i t s e l f .  An 
es t imat ion  of  moisture accumulation r a t e s  might 
requ i re  a more d e t a i l e d  t reatment  than is used here .  

The t reatment  of  the  t r u s s  r a d i a n t  b a r r i e r  
conf igura t ion  requ i res  add i t iona l  hea t  balances, a s  
shown i n  Figure 2 .  An e x t r a  v e n t i l a t i o n  a i r  space 
is  c rea ted  between the  rad ian t  b a r r i e r  surface and 
the  roof .  The model includes r a d i a t i o n  across  t h i s  
space. and convection from the roof and t h e  rad ian t  
b a r r i e r  t o  the  a i r  flowing through t h i s  space. 
Conduction across  the  r a f t e r s  is t r e a t e d  a s  a 
p a r a l l e l  path.  The bottom s i d e  of the  rad ian t  1 
b a r r i e r  is  then coupled by rad ia t ion  and convection 
t o  t h e  main a t t i c  a i r  space a s  described above. 
With a t r u s s  r a d i a n t  b a r r i e r  on both roof sec t ions .  

ROOF 

1 c O N v E C T 1 O N  
I 

RAFTER 
I 

R A D l  A T I O N  V E N T I L A T I O N  A I R  
A 

I 

CONVECTION 

R A D l  ANT 
I 

v I S O T H E R M A L  
BARRIER- / I \  

R A D I A T I O N  C O N V E C T I O N  

Figure 2. Heat Transfer  Phenomena f o r  Truss Radiant B a r r i e r  
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four new heat balance equations are added to the set 
of 15 mentioned above: two balances on the radiant 
barrier surfaces and two balances on the ventilation 
air streams. A couple of problems remain 
unresolved. One is how to estimate separate flow 
rates for the main attic space and the spaces 
between the roof and the radiant barriers. Another 
is how the separate flows interact: are the flows 
separate, or do they mix with each other? 

The set of heat balance equations that results 
is a system of simultaneous nonlinear algebraic 
equations with the unknowns being the surface and 
air temperatures. As mentioned above, each of the 
equations may be cast into a linear form. The 
linear equations are may then be solved by standard 
techniques. For the model described here, the 
Gauss-Jordan elimination technique was used, but 
other techniques might also be applied. Since many 
of the coefficients in the equations depend upon the 
unknown temperatures, the system of equations is 
solved iteratively. No convergence problems have 
been encountered with this iterative solution. 
After the temperatures are determined, heat flows 
may be readily calculated. 

MODEL VERIFICATION 

Since a number of phenomena have been combined 
in this model and many engineering approximations 
have been made, it is necessary to determine the 
validity of the models by comparing their 
predictions with data measured on real systems. 
Since comparisons of the ORNL model with measured 
data are still underway, the comparisons that are 
reported here should be considered preliminary. 
However, they do give some idea of the validity of 
the model. 

Experiments on radiant barriers fall into two 
broad categories: laboratory and field experiments. 
Experiments in the laboratory may be conducted under 
either steady-state or transient conditions, while 
experiments conducted in the field are all 
transient. Field experiments may be further 
classified into those conducted with small test 
cells and those conducted with full-size houses. 
Comparisons of model predictions with data from each 
of these types of experiments are either underway or 
are planned. 

A series of steady-state and transient 
laboratory experiments was conducted by Owens- 
Corning ~iberglas .I6 * 32 While no radiant barriers 
were included in these tests, the results are still 
useful for determining the validity of the basic 
model. The attic test module was a gabled attic 
built with trusses with a roof pitch of 5 in 12. 
The module had a 14 foot by 20 foot ceiling. For 
these experiments, the roof temperatures and attic 
ventilation rates were measured and were used as 
inputs to the model. Since the measured ceiling 
heat flow was that over the entire ceiling area, 
corrections for edge heat losses were made as 
described in Reference 32. Comparisons of model 
predictions with measured values for the total 
ceiling heat flow and for the average attic air 
temperature are given in Table 1. While full 
details of the test conditions are given in 
Reference 32, that Tests 1 and 2 were for winter 
conditions where the roof and outdoor temperature 
were both near O°F, while Tests 3, 4, and 5 were for 
summer conditions with the roof near 150°F and with 

the outdoor air at 80-100'~. Resulta are given for 
a wide range of inaulation levels. With a few 
exceptions, the heat flows predicted by the model 
are within about 5 to 10 percent of the measured 
values. Likewiee, with a few exceptione, the 
predicted attic temperatures are within a few 
degrees of the measured values. 

Table 1. Preliminary Comparison of ORNL Model Results 
with Owens-Corning Fiberglas Steady-State Tests 

T%& b a t  Flows* Attic Tem~emure** 

* Values are predicted minus measured, as percentage 
of measured value, 

(Qpredicted - Qmeasured)/Qmeasured X 100. 

** Values are predicted minus measured temperatures, 
Tpredicted - Tmeasured. 

The laboratory data obtained by F. A. .Joy1 are 
widely quoted and are the basis for the tables of 
effective resistance of ventilated attic spaces 
given in the ASHRAE Handbook of Fundamentals. He 
reported steady-state data on two types of attics: 
one with a gabled roof and one with a flat roof. He 
reported data for attics with no radiant barrier and 
for a radiant barrier placed over the attic 
insulation (but not over the joists, which protruded 
above the insulation). Heat flow measurements were 
obtained with large heat flow transducers which 
measured the heat flow through the joists as well as 
that through the inaulation. While full details of 
the test conditions are given in Reference 1, the 
roof temperatures were maintained near 150°F for the 
summer tests, and the outdoor air was held at 85- 
105OF with various ventilation rates. Measured 
values of both roof temperatures and ventilation 
rates were used in the models. A comparison of 
predicted and measured ceiling heat flows and exit 
air temperatures is given in Table 2 for the gabled 
roof, and in Table 3 for the flat roof. With the 
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except ion of two t e s t s ,  summer h e a t  flows f o r  t h e  
gabled roof  were p red ic ted  wi th in  5 pe rcen t ,  and 
e x i t  temperatures were p r e d i c t e d  w i t h i n  a few 
degrees .  The agreement f o r  t h e  f l a t  roof was no t  a s  
good, wi th  p red ic ted  h e a t  flows being a s  much a s  25 
pe rcen t  d i f f e r e n t  from t h e  measured va lues .  I t  was 
found t h a t  b e t t e r  agreement f o r  the  h e a t  flows f o r  
t h e  f l a t  roof could be obta ined i f  t he  roof  was 
assumed t o  be coupled t o  t h e  v e n t i l a t i o n  a i r  through 
a 17 inch  s t agnan t  a i r  l a y e r ,  a s  shown i n  Table 4 .  
I t  i s  specu la ted  t h a t  the  observed r e s u l t s  a r e  due 
t o  t h e  s p e c i a l  method of v e n t i l a t i o n  f o r  t h e  f l a t  
roof ,  where t h e  coo le r  v e n t i l a t i o n  a i r  is brought i n  
J u s t  above the  i n s u l a t i o n  and is n o t  we l l  coupled 
thermal ly  t o  t h e  r o o f .  

Table 2. Prel iminary Comparison o f  ORNL Model 
Resu l t s  wi th  J o y ' s  Data f o r  a Gabled Roof 

Tesr & a t  Flows* Exit  Ternoerature** 

No F o i l .  Summer: 
17 4.0% 
18 0 .4  -0.3OF 
19 - 2 . 1  -2 .7  
20 -2.7 -1.7 
2 1  1 .9  2.7 
2 2 0 . 6  - 0 . 3  
2 3 3 . 9  -1.7 

F o i l .  Summer: 
2 4 5 .0  
2 5 -1 .4  -5 .3  
26 -13.3  -10.4 
27 -15.2 -9 .3  
2 8 1 .3  1 .4  
2 9 4 .1  -3 .0  
30 4 . 5  - 3 . 2  

F o i l ,  Winter:  
33 6 .2  
34 12.9 

* Values a r e  p red ic ted  minus measured, a s  percentage 
o f  measured va lue ,  
(Qpredicted - Qmeasure~d/Qmeasured X 100. 

** Values a r e  p red ic ted  minus measured temperatures .  
Tpredic ted - Tmeasured. 

A l a r g e  number of f i e l d  t e s t s  were performed by 
Fairey u s i n g  a t e s t  c e l l  t h a t  is approximately 5.75 
f e e t  long and 9 .25 f e e t  ~ i d e . ~ ~ ~  The c e l l  h a s  one 
roof  s e c t i o n  wi th  a s l o p e  o f  about 6 . 5  i n  12.  T e s t s  
were performed both wi th  and without  r a d i a n t  
b a r r i e r s .  The t e s t  d a t a  a r e  unique among f i e l d  d a t a  
i n  t h a t  the  v e n t i l a t i o n  was imposed by a f a n  and was 
d i r e c t l y  measured. Heat flows were measured wi th  
smal l  h e a t  f l u x  t r ansducer s  t h a t  measured t h e  h e a t  
flow through t h e  i n s u l a t i o n  only  and d i d  not  include 
h e a t  f low through the  j o i s t s .  A pre l iminary 
comparison of model p r e d i c t i o n s  wi th  measured h e a t  
f l u x  and e x i t  a i r  temperatures  a r e  given i n  Figures  
3a and 3b f o r  a t e s t  w i th  R-19 i n s u l a t i o n  and no 
r a d i a n t  b a r r i e r .  A s  w i th  t h e  o t h e r  comparisons, 
measured roof  temperatures  and v e n t i l a t i o n  r a t e s  
were used a s  i n p u t  t o  t h e  model. Model p r e d i c t i o n s  

Table 3 .  P re l imina ry  Comparison o f  ORNL Model 
R e s u l t s  wi th  J o y ' s  Data f o r  a F l a t  Roof 

&%L Heat Flow* Bit Tem~erature** I 
No F o i l .  Summer: 

1 10.6% 
2 10.0  
3 8.4 
4 12.4  
5 1 0 . 1  
6 8 . 0  
7 9 .4  

F o i l ,  Summer: 
8 8 . 7  
9 1 9 . 0  

10  25.7 
11 10 .2  
12 7.4 
1 3  7.6 
14 7.7 
15  2 .5  

F o i l ,  Winter:  
3 1 4 . 9  
32 8 .6  1 . 3  

* Values a r e  p r e d i c t e d  minus measured, a s  percentage 
o f  measured v a l u e ,  
(Qpredicted - Qmeasured)/Qmeasured X loo.  

** Values a r e  p r e d i c t e d  minus measured ternperatuLes, 
Tpred ic ted  - Tmeasured. I 

Table 4 .  P re l imina ry  Comparison o f  ORNL Mode I 
R e s u l t s  wi th  J o y ' s  Data f o r  a F l a t  Roof (Assuming 

17 inch dead a i r  space below r o o f . )  I 

I%.L Heat Flow* E x i t  Temoerature** 

No F o i l ,  Summer: 
1 
2 
3 
4 
5 
6 
7 

F o i l ,  Summer: 
8 
9 

10 
11 
12 
1 3  
14 
15  

* Values a r e  p r e d i c t e d  minus measured, a s  percentage 
o f  measured va lue .  
(Qpred ic ted  - Qmoasured)/Qmeasured X loo. 1 

** Values a r e  p r e d i c t e d  minus measured tempera u r e s ,  

Tpred ic ted  - Tmeasuredv 
J 
I 
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FSEC R19NRB 
SEPT. 25 - 27. 1987 

1.7 , - -- - -- -. - - 
1 

TIME, HR. 
0 MEASURED + NO MOIST. 0 MOIST. 

TIME, HR. 
U MEASURED + NO MOIST. 0 MOIST. 

Figure 3. Preliminary Comparison of OWL Model Results with Florida Solar Energy 
Center Data (R-19 insulation, no radiant barrier) 
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were made both with and without latent heat effects 
from moisture sorption/desorption included in the 
model. In general, these results show that the 
model does a reasonably good job of tracking the 
experimental results. The inclusion of moisture 
effects improves the predictions, at least during 
some parts of the day. Clearly, more comparisons 
with Fairey's data, especially those obtained with 
radiant barriers, are needed. These comparisons are 
underway and will be reported in the future. 

Other experimental data have been reported by 
the Tennessee Valley Authority (field tests with 
test cells), the Mineral Insulation Manufacturers 
Association (field tests with full-size houses), and 
the Oak Ridge National Laboratory (field tests with 
full-size houses). Comparisons of model predictions 
with results of these experiments are underway, and 
will be reported in the future. 

&QlS FOR GENERALIZATION STUDY 

When the models have been judged to yield 
predictions that are in reasonable agreement with 
the experimental data, they can be used for 
extrapolation purposes. The plan is to couple the 
specialized attlc/radiant barrier models with a 
whole house model (DOE-2) to estimate the potential 
for energy savings due to radiant barriers on a 
seasonal and annual basis for a number of climates. 
To do this, the models would be run with weather 
tapes from cities such as Miami, Phoenix, Los 
Angeles, Atlanta, Washington, Chicago, and 
Minneapolie. Because of the special interest in the 
Tennessee Valley, analyses would also be performed 
for Memphis and Knoxville. It is anticipated that 
the performance of radiant barriers will depend upon 
a number of parameters such as the radiant barrier 
location, the emittance of the radiant barrier, the 
amount and type of ventilation, the insulation 
level, the color of the roof, the geometry of the 
house, and the thermostat setting. Several other 
parameters that may have an influence can also be 
identified. It would be desirable to analyze the 
performance of radiant barriers with all 
combinations of these parameters. Since this would 
not be feasible, it is planned to carry out this 
study using ideas from the statistical design of 
experiments. Using a fractional factorial design, 
it is expected the most important parameters can be 
identified. A more detailed study can then be 
undertaken using only a few of the most important 
parameters. 

SUMMARY 

Heat transfer models for attics with or without 
radiant barriers have been developed based on a 
system of heat balances. The models have been based 
upon those available in the literature, but have 
been enhanced in several areas. One of the models 
incorporates the additional heat balances that occur 
with truss radiant barriers. Predictions of the 
models are presently being compared with 
experimental data from a number of sources. 
Comparisons that have been performed to date have 
been favorable. Predicted heat flows have generally 
been within about 10 percent of measured values. 
However, more comparieons are needed before making 
definitive statements about the accuracy of the 
models. Upon validation, the models will be used to 

extrapolate the experimental results to seasonal and 
annual performances in a wide range of climatic 
conditions. 
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