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Experimental  tests were conduc ted  t o  
measure t h e  i n f l u e n c e  o f  r a d i a n t  b a r r i e r s  
and t h e  e f f e c t  of t h e  r a d i a n t  b a r r i e r  
l o c a t i o n  o n  a t t i c  h e a t  t r a n s f e r .  A l l  t h e  
tests were conduc ted  i n  a n  a t t i c  s i m u l a t o r  
a t  a  s t e a d y  s t a t e .  The h e a t  f l u x  th rough  
t h e  a t t i c  f l o o r  was measured a t  two 
d i f f e r e n t  r o o f  d e c k  t e m p e r a t u r e s  (120°F and  
140°F). The t e m p e r a t u r e  d i s t r i b u t i o n  w i t h i n  
t h e  b a s e  f i b r o u s  i n s u l a t i o n  was a l s o  
measured. 

Three d i f f e r e n t  s o l i d  k r a f t  l a m i n a t e s  
w i t h  aluminum f o i l  back ing  were t e s t e d .  
There  was a  34 p e r c e n t  r e d u c t i o n  (sample A )  
i n  h e a t  f l u x  th rough  t h e  c e i l i n g  f o r  t h e  
c a s e  where t h e  r a d i a n t  b a r r i e r  was p l a c e d  6 
i n c h e s  below t h e  r o o f  deck i n  a d d i t i o n  t o  
t h e  b a s e  f i b r o u s  i n s u l a t i o n  ( R - 1 1 ) ,  w i t h  
t h e  roof  deck a t  140 F. The r e d u c t i o n  f o r  
t h e  same sample w i t h  t h e  r a d i a n t  b a r r i e r  
p l a c e d  o n  t h e  s t u d s  o f  t h e  a t t i c  f l o o r  was 
46 p e r c e n t .  For  a l l  t h e  t h r e e  samples ,  t h e  
h e a t  f l u x  th rough  t h e  a t t i c  f l o o r  was 
reduced  when t h e  r a d i a n t  b a r r i e r  was p l a c e d  
o n  t h e  a t t i c  f l o o i  s t u d s .  

INTRODUCTION 

For  summer w e a t h e r ,  r a d i a t i o n  exchange 
i s  t h e  most s i g n i f i c a n t  mode o f  h e a t  
t r a n s f e r  i n  a t t i c s .  Convect ion and 
c o n d u c t i o n  a r e  i m p o r t a n t  o n l y  a s  t h e y  
i n t e r f e r e  w i t h  o r  augment t h e  p r i m a r y  mode 
r a d i a t i o n .  

Recent  s t u d i e s  have p rov ided  added 
i n s i g h t  i n t o  t h e  r e l a t i v e  b e n e f i t s  o f  
r a d i a n t  b a r r i e r s  i n  r e d u c i n g  a t t i c  h e a t  
t r a n s f e r .  J o y  [I] u s e d  a  h i g h l y  r e f l e c t i v e  
aluminum f o i l  o n  t o p  of t h e  f i b r o u s  
i n s u l a t i o n  i n  a c e i l i n g  a n d  found t h a t  t h e  
r e s i s t a n c e  p a t h  of t h e  i n s u l a t i o n  sys tem 
was i n c r e a s e d .  Recent  s t u d i e s  a t  t h e  
F l o r i d a  S o l a r  Energy C e n t e r  (FSEC) have 
shown t h a t  t h e  p e n e t r a t i o n  o f  r a d i a t i o n  
from a  h o t  roof  deck may b e  s i g n i f i c a n t  
enough t o  produce a n  e f f e c t i v e  R-value 
a p p r e c i a b l y  lower  t h a n  t h e  measured v a l u e  
i n  a s t a n d a r d i z e d  r a t i n g  t es t  [ 2 ] .  T h e i r  
s t u d i e s  i n d i c a t e d  t h a t  n a t u r a l  c o n v e c t i o n  
t o  t h e  a t t i c  i n s u l a t i o n  may a c c o u n t  f o r  a s  
l i t t l e  a s  1 0  p e r c c n t  c f  t h e  total h e a t  
t r a n s f e r  1-hrouyh t h e  i n s u l a t i o n  when t h e  

xoof is  s u n l i t .  Another  i m p o r t a n t  f i n d i n g  
from t h e  F l o r i d a  S o l a r  Energy C e n t e r ' s  
s t u d y  was t h a t  i t  p o i n t e d  o u t  t h e  B e n e f i t  
o f  r a d i a t i o n  s h i e l d s .  S h i e l d i n g  t h e  
. i n s u l a t i o n  from t h e  h i g h  t e m p e r a t u r e  roof  
ueck w i l l  r e d u c e  t h e  r a d i a t i o n  o n  t h e  
i n s u l a t i o n  f r e e  
i -u r face  and a l l o w  i t  t o  per form l a r g e l y  a s  
I t was i n t e n d e d .  Such a  s h i e l d  c o u l d  b e  a t  
t h e  i n s u l a t i o n  s u r f a c e  o r  a t  t h e  roof  deck 
~ u r f a c e  a n d  produce  n e a r l y  t h e  same e f f e c t .  
T h e i r  r e s u l t s  i n d i c a t e d  t h a t  s h i e l d i n g  t h e  
i n s u l a t i o n  f rom t h e  h o t  r o o f  improved t h e  
o v e r a l l  the rmal  r e s i s t a n c e  b y  a b o u t  50 
kercen  t. The e x p e r i m e n t a l  s t u d i e s  conduc ted  
.dC: Texas A&M U n i v e r s i t y  [3 1 a l s o  have shown 
c h a t  u s e  o f  r a d i a n t  b a r r i e r s  reduced  t h e  
o v e r a l l  the rmal  c o n d u c t i v i t y  of t h e  
i n s u l a t i o n  system. 

Although,  a l l  t h e  above s t u d i e s  d i d  
p o i n t  o u t  t h e  b e n e f i t s  o f  r a d i a n t  b a r r i e r s ,  
t h e  e f f e c t  of t h e  p lacement  of t h e  r a d i a n t  

' b a r r i e r  i n s i d e  t h e  a t t i c  was n o t  a d d r e s s e d .  
T h i s  s t u d y  l o o k s  a t  t h e  e f f e c t  of p lacement  
o f  t h e  r a d i a n t  b a r r i e r s  i n s i d e  a t t i c s  a n d  
a l s o  t h e  e f f e c t i v e n e s s  of d i f f e r e n t  k i n d s  
o f  r a d i a n t  b a r r i e r s  o n  a t t i c  h e a t  t r a n s f e r .  

EXPERIMENTAL SETUP AND PROCRDURE 

F i g u r e  1 shows t h e  f r o n t  view of t h e  
a t t i c  s i m u l a t o r .  The o u t e r  d imens ion  of  t h e  
s i m u l a t o r  i s  4 f t  x 4  f t  x  4 f t .  M a t e r i a l s  
u s e d  t o  c o n s t r u c t  t h e  s i m u l a t o r  a r e :  0.75 
i n .  and 0.5 in .  plywood f o r  c o n s t r u c t i o n  of 
t h e  main chamber a n d  t h e  mount; a  0.38 i n .  
aluminum p l a t e  ( h o t  p l a t e )  t a  0.5 i n .  
gypsum board  f o r  t h e  t o p  a n d  bo t tom o f  t h e  
s i m u l a t o r ;  1 2  i n .  s t y r o f o a m  f o r  o u t e r  
i n s u l a t i o n ;  aluminum f o i l  f o r  l i n i n g  t h e  
i n t e r n a l  w a l l s ?  a n  electric h e a t i n g  coil 
f o r  h e a t i n g  t h e  chamber; a n d  a  wooden f rame 
t o  mount t h e  s i m u l a t o r .  

T A ~  box is d i v i d e d  i n t o  chambers.  The 
. t o p  chamber i s  above  t h e  aluminum p l a t e  a s  
shown i n  F i g u r e  1, and is  4 f t  x 4 f t  x  6 
i n  a n d  h o l d s  t h e  e l e c t r i c  h e a t i n g  c o i l .  The 
c o i l  is  r a t e d  a t  555 w a t t s  a t  115V. The t o p  
of t h i s  chamber is  c o v e r e d  w i t h  a  0.5 i n .  
gypsum board .  The bo t tom chamber i s  4  f  t x 
4  f t  x 3 f t  and is made of plywood. The 
s i m u l a t o r  h a s  a  d o o r  o n  o n e  s i d e  t o  
f  a c i l i  t z t c  changing  t h e  i n s u l a t i o n  systems.  
The w a l l s '  o f  t h e  s . i d u l a t o r  a r e  a l l  l i n e d  
w i t h  h i g h l y  r e f  l e c ~ i v e  a1uni r :w f o i l  to 
minimize h e a t  l o s s  t h r o u g h  t h e  s i d e s .  Two 2 



i n .  x 4 i n .  boards a r e  i n s t a l l e d  on t h e  0.5 
i n .  gypsum board t o  s i m u l a t e  t h e  a c t u a l  
a t t i c  c e i l i n g .  A 2  i n .  x 4 in .  s t a n d  is 
used f o r  mounting t h e  whole s imu la to r .  A 4 
f t  x 4 f t  x 0.25 i n .  p l a t e  s e p a r a t e s  t he  
two chambers. The aluminum p l a t e  i s  pa in t ed  
b lack  t o  i nc rease  i t s  e m i s s i v i t y  and 
a b s o r p t i v i t y .  A c au lk  s e a l a n t  was used  on  
t h e  a l l  edges and j o i n t s  t o  g e t  an a i r  
t i g h t  s e a l  on  t h e  box. 

The s i d e  i n s u l a t i o n  was a n  expanded 
po lys ty rene  1 i n .  board  s t o c k  i n s u l a t i o n  
wi th  an  R-value of 3.9 (h-f t-FO/ (Btu-in)  . 
Twelve boards  were glued t o g e t h e r  t o  g e t  a  
t h i ckness  of 12 i n .  and a t o t a l  R-value of 
47 (h-f t-F) / (Btu- in)  on  t h e  f o u r  s i d e s  and 
on top  of the  s imu la to r .  

Four hea t  f l u x  meters  were i n s t a l l e d  
a t  t h e  bottom of  t h e  s imu la to r .  The f l u x  
meters  were cons t ruc t ed  of two 0.13 i n .  
t h i c k  aluminum p l a t e s  (6 x 6 i n , )  w i t h  0.38 
i n  b a k e l i t e  (k=O. 18  Btu/hr-f t -F)  sandwiched 
between them. The thermocouples were 
p laced  on the  t op  s u r f a c e  between t h e  
b a k e l i t e  and t h e  aluminum and o n  t h e  bot tom 
of t h e  b a k e l i t e  between t h e  o t h e r  aluminum 
p l a t e .  Because, t h e  thermal  c o n d u c t i v i t y  o f  
t h e  b a k e l i t e  was known, t h e  h e a t  f l u x  was 
computed by measuring t h e  tempera ture  d rop  
a c r o s s  t he  b a k e l i  t e .  The f l u x  meters  were 
a t t a c h e d  t o  t h e  gypsum board by nylon b o l t s  
t o  minimize hea t  t r a n s f e r  through t h e  
b o l t s .  

DATA AQUISITION 

A s i x t y  channel  d a t a  l ogge r  was used 
t o  s c a n  t h e  thermocouples a t  s p e c i f i c  
r equ i r ed  time i n t e r v a l s ;  and each  channel 
of t h e  d a t a  l ogge r  was. v e r i f i e d  f o r  
accuracy. The d a t a  l ogge r  d i r e c t l y  
converted t h e  v o l t a g e  from t h e  
thermocouples i n t o  deg rees  c e n t i g r a d e  o r  
degrees  Fahrenhei t .  A p r i n t e r ,  i n t e r f a c e d  
t o  t h e  d a t a  logger ,  recorded  t h e  channel  
tempera tures  a t  r e q u i r e d  t i m e  i n t e r v a l s .  

TEMPERATURE CONTROLLER 

The experiments  w e r e  conducted i n  a 
c o n t r o l l e d  s t e a d y - s t a t e  cond i t i on .  The roof  
temperature was maintained a t  a  c o n s t a n t  
p r e s e t  tempera ture  by means of  a  
temperature c o n t r o l l e r .  

TEST METHODS 

INSULATION 'SYSTEMS TESTED 

To de termine  t h e  e f f e c t s  of t h e  
placement o f  r a d i a t i o n  barriers on  t h e  . 
a t t i c  h e a t  t r a n s f e r ,  a  s e r i e s  of tests w e r e  
conducted. T e s t s  were performed f o r  b a s e  
f i b r o u s  i n s u l a t i o n  th i ckness  of 3.5 i n .  and 

' roof  tempera tures  of 120 F and 140 F. The 
i n s u l a t i o n  systems inc luded:  

F ibrous  i n s u l a t i o n  (3.5 i n .  ) 
Fibrous  i n s u l a t i o n  w i t h  r e f l e c t i v e  
sample A 
Fibrous  i n s u l a  t i o n  w i  t h  r e f l e c t i v e  
sample B 
Fibrous i n s u l a t i o n  w i t h  r e f l e c t i v e  
sample C 
F ibrous  i n s u l a t i o n  wi th  r e f l e c t i v e  
sample D 

The 2--4 t e s t s  were conducted by 
p l a c i n g  t h e  r e f l e c t i v e  sample a t  two 
d i f f e r e n t  p o s i t i o n s :  (1) 6 in .  from t h e  
roof  deck a s  i n  F igure  1 and,  ( 2 )  p l a c i n g  i t  
o n  t h e  s t u d s  of t h e  a t t i c  f l o o r  a s  shown i n  
F igu re  2. The l a s t  test was done w i t h  t h e  
r e f l e c t i v e  f o i l  on the  a t t i c  f l o o r .  Sample 
A i s  a s o l i d  kraf  t l amina t e  w i t h  aluminum 
f o i l  backing on one s i d e .  Sample C i s  a l s o  
a  s o l i d  k r a f t  l amina t e  w i t h  aluminum f o i l  
backing on one s i d e .  (The aluminum f o i l  
backing on sample C i s  more d i f f u s e d  than  
t h a t  of sample A ) .  Sample B i s  a s o l i d  
kraf  t l amina t e  w i t h  d i f f u s e d  aluminum f o i l  
was maintained a t  t h e  r e q u i r e d  tempera ture  
f o r  more t han  5 hour s  b e f o r e  t h e  d a t a  was 
c o l l e c t e d .  Th i s  procedure  gave s u f f i c i e n t  
t ime f o r  s t e a d y  s t a t e  c o n d i t i o n s  t o  b e  
achieved.  Temperatures a t  v a r i o u s  l o c a t i o n s  
were recorded  a t  30 second i n t e r v a l s  o v e r  a  
pe r iod  of 20 t o  30 minutes .  The 
tempera tures  were l a t e r  averaged ove r  t h e  
same pe r iod .  

RESULTS AND ANALYSIS 

The tempera ture  p r o f i l e  f o r  t h e  base  
r u n  w i t h  3.5 i n .  f i b r o u s  i n s u l a t i o n  i s  
shown i n  F igu re  3. The tempera ture  p r o f i l e  
i s  non- l i nea r  because  o f  t h e  p e n e t r a t i o n  o f  
i n f r a r e d  r a d i a t i o n  i n t o  t h e  low d e n s i t y  
f i b r o u s  i n s u l a t i o n .  F igure  4 shows t h e  , 
t empera ture  p r o f i l e  w i t h i n  f i b r o u s  I 

i n s u l a t i o n ,  and  w i t h  a  r a d i a n t  b a r r i e r  ' 

placed  6 i n .  below t h e  roof deck. Because 
t h e  r a d i a n t  b a r r i e r  c u t s  o f f  ms t  of  t h e  
i n f r a r e d  r a d i a t i o n ,  t h e  tempera ture  p r o f i l e  
w i t h i n  t h e  base  f i b r o u s  i n s u l a t i o n  i s  
l i n e a r .  F igu re  5 shows t h e  comparison of 
h e a t  f l u x  (sample A)  f o r  base c a s e  w i t h  a 
r a d i a n t  b a r r i e r  p l aced  6 i n .  below t h e  roof 
deck  and  w i t h  a  r a d i a n t  barrier p l aced  
above t h e  c e i l i n g  s t u d s .  F igu re  6 and 7 
show t h e  s ane  comparison f o r  samples B and 
C. 

The r educ t ion  i n  h e a t  f l u x  f o r  sample 
A when p laced  a t  t h e  r o o f ,  a s  compared t o  
base  ca se ,  was 34 p e r c e n t  and t h e r e  was 41 
:percent r e d u c t i o n  when t h e  same sample was 
placed on t h e  c e i l i n g  s t u d s .  Table 1 shows 
t h e  r e d u c t i o n  o f  h e a t  f l u x  f o r  a l l  t h e  
samples when t h e  r a d i a n t  b a r r i e r  was p laced  
6 i n  below t h e  r o o f .  Table  2 shows t h e  
r educ t ion  f o r  t h e  r a d i a n t  b a r r i e r  p l aced  on 
t h e  s t u d s  o f  t h e  a t t i c  f l o o r .  I n  e a c h  
c a s e ,  the, r educ t ion  of h e a t  f l u x  was 



g r e a t e r  when t h e  r a d i a n t  b a r r i e r  was p l a c e d  
on t h e  c e i l i n g  s t u d s .  A l s o ,  t h e  r e d u c t i o n  
i n  h e a t  f l u x  was  g r e a t e r  i n  t h e  c a s e  o f  
s ample  B b e c a u s e  t h i s  l a m i n a t e  had b o t h  i t s  
s i d e s  c o a t e d  w i t h  r e f l e c t i v e  ma t . e r i a1 .  

When t h e  r a d i a n t  b a r r i e r  is  p l a c e d  on 
t h e  s t u d s ,  i t  n o t  o n l y  r e d u c e s  a l l  t h e  
r a d i a t i o n  exchange  be tween  t h e  roo f  and t h e  
f i b r o u s  i n s u l a t i o n ,  b u t  a l s o  be tween  t h e  
w a l l s  a n d  f i b r o u s  i n s u l a t i o n  t h e r e b y  
i r c r e a s i n g  t h e  r e s i s t a n c e  of t h e  i n s u l a t i o n  
sys t em.  T h e r e f o r e ,  t h e  r e d u c t i o n  o f  h e a t  
f l u x  i s  g r e a t e r  when t h e  r a d i a n t  b a r r i e r  is  
p l a c e d  o n  t h e  a t t i c  f l o o r  s t u d s .  

CONCLUSIONS 

The d a t a  i n d i c a t e s  t h e  p l a c e m e n t  o f  a  
r a d i a n t  b a r r i e r  o n  t h e  a t t i c  s t u d s  ( o r  o n  
t o p  of t h e  i n s u l a t i o n )  y i e l d s  h i g h e s t  
r e d u c t i o n  i n  h e a t  t r a n s f e r .  Because  i t  i s  
e a s i e r  a n d  less c o s t l y  t o  r e t r o f i t  a n  
e x i s t i n g  home b y  p l a c i n g  t h e  r a d i a n t  
b a r r i e r  o n  t h e  a t t i c  f l o o r ,  t h i s  c o u l d  h e l p  
t h e  p e n e t r a t i o n  o f  r a d i a n t  b a r r i e r s  i n  t h e  
r e t r o f i t  m a r k e t .  
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Figure  1 - A t t i c  s i m u l a t o r  showing t h e  placement of r a d i a n t  b a r r i e r  
6 i n  below t h e  roof  deck. 
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F igure  2 - A t t i c  s i m u l a t o r  showing t h e  placement of r a d i a n t  b a r r i e r  
on  t h e  s t u d s  o f  t h e  f l o o r .  
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Figure 3 - Temperature p r o f i l e  i n  base f ibrous  i n e u l a t i o n  without 
rad ia t ion  barr i er .  
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Figure 4 - Temperature p r o f i l e  i n  f i b r o u s  i n s u l a t i o n  w i t h  radiant .  
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Figure 5 - Comparison of heat flux for  base, with radiant ba r r i e r  
(sample A )  6 i n  below the roof deck and wi-th radiant  
ba r r i e r  on the studs of the f loor .  
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Figure 6 - Comparison of heat f l u x  for  base, with radiant barrier 
(sample B) 6 i n  below the roof deck and with radiant 
barrier on the studs of the f loor .  
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Figure 7 - Comparison of heat  f lux  f o r  base, with rad ian t  b a r r i e r  
(sample C )  6 i n  below the  roof deck and wi th  r a d i a n t  

b a r r i e r  on the s tuds  of the f l o o r .  



Table 1. Comparison of h e a t  f l u x  f o r  base  i n s u l a t i o n  and with 
r a d i a n t  b a r r i e r  placed 6 inches  below t h e  roof deck. 

Table 2 .  Comparison of hea t  f l u x  f o r  base  i n s u l a t i o n  and wi th  
r a d i a n t  b a r r i e r  placed on t h e  a t t i c  f l o o r  s tuds .  




