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EXECUTIVE SUMXARY 

Radiant  h e a t e r s  r e q u i r e  l e s s  f u e l  than  f o r c e d - a i r  h e a t e r s  t o  ach ieve  

t h e  same l e v e l  of human comfort .  Thus,  t he  use of i n f r a r e d  r a d i a n t  

h e a t e r s  i n  t h e  commercial arid i n d u s t r i a l  sectors  has i n c r e a s e d  subs  t a n t i -  

a l l y  i n  r e c e n t  yea r s .  

a p p l i c a t i o n s  ( e . g + ,  d r y i n g  p a i n t )  and space h e a t i n g .  Th i s  document 

e v a l u a t e s  t h e  use of r a d i a n t  h e a t e r s  f o r  space h e a t i n g  a p p l i c a t i o n s  a t  

Army i n s t a l l a t i o n s .  

Radiant  h e a t e r s  are widely used f o r  bo th  p rocess  

Radiant  h e a t e r s  o p e r a t e  e n t i r e l y  d i f f e r e n t l y  than  conven t iona l  

( f o r c e d - a i r )  h e a t e r s .  Radiant  h e a t e r s  t r a n s m i t  t h e i r  h e a t  energy  i n  t h e  

form of e l e c t r o m a g n e t i c  r a d i a t i o n  i n  t h e  i n f r a r e d  reg ion .  The unique 

c h a r a c t e r i s t i c  of t h i s  method of h e a t  t r a n s f e r  is t h a t  t h e  hea t  i s  

absorbed  d i r e c t l y  by t h e  pe r sonne l  and o b j e c t s  being hea ted  ( a i r  does not  

abso rb  in f ra red  r a d i a t i o n ) .  By comparison,  f o r c e d - a i r  h e a t e r s  h e a t  in&- 
PectZy by f i r s t  warming the  a i r  space ,  which, i n  t u r n ,  w a r m s  t h e  person- 

n e l  and o b j e c t s  be ing  hea ted .  The r e s u l t  of t h i s  is t h a t  a i r  t empera tu re  

w i l l  be s l i g h t l y  cooZer than  t h e  pe r sonne l  and o b j e c t s  under r a d i a n t  

h e a t ,  bu t  a i r  t empera tu re  w i l l  be  WZmner than  t h e  pe r sonne l  and o b j e c t  

under  f o r c e d - a i r  h e a t e r s .  

Rad ian t  h e a t e r s  depend on t h e  e f f i c i e n t  g e n e r a t i o n  of i n f r a r e d  r ad ia -  

t i o n .  Although an open f lame w i l l  e m i t  i n f r a r e d  r a d i a t i o n ,  a hea ted  

s u r f a c e  i s  more e f f i c i e n t .  T h e r e f o r e ,  a l l  manufactured r a d i a n t  h e a t e r s  

g e n e r a t e  a ho t  s u r f a c e  as t h e i r  mode of o p e r a t i o n .  Gas, o i l ,  o r  e l e c -  

t r i c i t y  can be used t o  g e n e r a t e  t h e  hot  s u r f a c e .  Gas-f i red h e a t e r s  a r e ,  

by f a r ,  t h e  most common. The gas flame can be on t h e  i n s i d e  of a t u b e  

( c a l l e d  " i n d i r e c t "  o r  " low- in tens i ty"  h e a t e r ) ,  o r  it can be exposed on a 

porous surf ace ( c a l l e d  " d i r e c t "  o r  "h igh - in t ens i ty"  h e a t e r  >. S u r f a c e  

t e m p e r a t u r e s  t y p i c a l l y  run from 800 t o  2800°F. For e lectr ic  h e a t e r s  t h e  

r e s i s t a n c e  wires can be as h i g h  as 4000°F. 

F u e l  r equ i r emen t s  a r e  less € o r  r a d i a n t  heaters for two p r i n c i p a l  

reasons. F i r s t ,  t h e  thermal  s t r a t i f i c a t i o n  of warm a i r ,  which i s  common 

i n  a b u i l d i n g  hea ted  by f o r c e d  air, is reduced or e l i m i n a t e d  wi th  r a d i a n t  

heaters. Second, because the r a d i a n t  energy is absorbed d i r e c t l y  by t h e  
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pe r sonne l  being h e a t e d ,  t n e y  w i l l  be c o n f o r t a b l e  a t  a lower a i r  tempera- 

t u r e  ( t h e r m o s t a t  s e t t i n g )  than with f o r c e d - a i r  h e a t e r s .  It is  d i f f i c u l t ,  

however, t o  p r e d i c t  a c c u r a t e l y  t h e  f u e l  s a v i n g s  t h a t  r e s u l t  from r a d i a n t  

h e a t e r s ,  but manufac tu re r s  claim 20 t o  50%. P r o f e s s i o n a l l y  o b t a i n e d  

measurements of f u e l  s a v i n g s  and numerous t e s t i m o n i a l s  i n  t h e  l i t e r a t u r e  

s u p p o r t  t h e  manufac tu re r s '  claims. Usua l ly ,  t he  l a r g e s t  s a v i n g s  a r e  

a s s o c i a t e d  w i t h  l a r g e  i n d u s t r i a l - t y p e  b u i l d i n g s  wi th  high r o o f s ,  poor 

i n s u l a t i o n ,  and h igh  i n f i l t r a t i o n .  High-bay maintenance b u i l d i n g s  and 

a i r c r a f t  hanga r s ,  which a r e  common i n  the  Army, are idea l  f o r  i n s t a l l a -  

t i o n  of gas- o r  o i l - f i r e d  r a d i a n t  h e a t e r s ,  E l e c t r i c - r e s i s t a n c e  r a d i a n t  

h e a t e r s  f i n d  t h e i r  p r i n c i p a l  a p p l i c a t i o n  as spo t  h e a t e r s  f o r  ou tdoor ,  

s emienc losed ,  o r  poor ly  heated areas. 

Simple payback p e r i o d s  of 2 t o  5 y e a r s  were e s t i m a t e d  a c h i e v e a b l e  

f o r  r e t r o f i t  i n s t a l l a t i o n  of radiant :  h e a t e r s  when f u e l  c o s t s  are $4/MBtu 

o r  g r e a t e r  and the  f u e l  saved i s  40% or g r e a t e r .  

The p o t e n t i a l  f o r  energy s a v i n g s  i n  the  r e t r o f i t  i n s t a l l a t i o n  of 

r a d i a n t  h e a t e r s  i s  high. However, the c o s t - e f f e c t i v e n e s s  i s  u n c e r t a i n  

because of the  wide range of e s t i m a t e d  f u e l  s av ings .  A program t h a t  

would l e a d  t o  a b e t t e r  unde r s t and ing  of t h e  f u e l  s a v i n g s  i n  a g iven  class 

of b u i l d i n g s  i s  recommended. If t h e  f u e l  s a v i n g s  a r e  s u f f i c i e n t l y  h i g h ,  

as t hey  a r e  expec ted  t o  be ,  t h e n  widespread r e t r o f i t  of r a d i a n t  h e a t e r s  

could fol low.  
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ABSTRACT 

This  r e p o r t  e v a l u a t e s  t h e  use of i n f r a r e d  r a d i a n t  heaters 
f o r  Army a p p l i c a t i o n s .  Rad ian t -hea te r  o p e r a t i o n  and t h e  k i n d s  
of h e a t e r s  a v a i l a b l e  are d e s c r i b e d .  Based on i n f o r m a t i o n  pub- 
l i s h e d  i n  t h e  l i t e r a t u r e  and f u r n i s h e d  by t h e  m a n u f a c t u r e r s ,  
ene rgy  s a v i n g s  of 20 t o  50% can be expec ted ,  conpared w i t h  
c o n v e n t i o n a l  h e a t i n g  systems. The g r e a t e s t  s a v i n g s  a r e  
u s u a l l y  a s s o c i a t e d  with la rge  i n d u s t r i a l - t y p e  b u i l d i n g s  with 
h i g h  r o o f s ,  poor  i n s u l a t i o n ,  and high i n f i l t r a t i o n .  High-bay 
maintenance shops and a i r c r a f t  hanga r s ,  which are common i n  
t h e  Army, are i d e a l  c a n d i d a t e s  f o r  gas- o r  o i l - f i r e d  r a d i a n t  
h e a t e r s  ( b o t h  new and r e t r o f i t  a p p l i c a t i o n s ) .  A s i m p l e  pay- 
back pe r iod  of 2 t o  5 y e a r s  is e s t i m a t e d  a c n i e v a b l e  f o r  a 
r e t r o f i t  i n s t a l l a t i o n  when t h e  f u e l  cost  i s  $b/MBtu o r  more 
and the  f u e l  s a v i n g s  are 40% o r  more. A program t h a t  would 
lead t o  a b e t t e r  unde r s t and ing  of t h e  f u e l  s a v i n g  p o t e n t i a l  
f o r  d i f f e r e n t  classes of b u i l d i n g s  is recommended. 

1. PURPOSE 

The purpose of t h i s  i n v e s t i g a t i o n  i s  t o  (1) e v a l u a t e  i n f r a r e d  r a d i -  

a n t  h e a t e r s  f o r  space h e a t i n g  a t  Army f a c i l i t i e s ,  ( 2 )  i d e n t i f y  b u i l d i n g  

t y p e s  where i n s t a l l a t i o n  of r a d i a n &  h e a t e r s  w i l l  r e s u l t  i n  t h e  greatest 

f u e l  s a v i n g s  and c o s r - e f f e c t i v e n e s s  while  m a i n t a i n i n g  o r  i n c r e a s i n g  the 

l e v e l  of human comfor t ,  and ( 3 )  make recommendations conce rn ing  t h e  in-  

s t a l l a t i o n  of r a d i a n t  h e a t e r s .  
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2. SCOPE 

I n f r a r e d  r a d i a n t  h e a t e r s  a r e  commonly u s e d  f o r  space h e a t i n g  and  f o r  

a v a r i e t y  of p rocess  a p p l i c a t i o n s .  This  e v a l u a t i o n  concerns i t s e l f  w i t h  

on ly  space  h e a t i n g .  The emphasis i s  on h e a t i n g  i n d u s t r i a l  o r  heavy com- 

m e r c i a l  l a r g e  b u i l d i n g s ,  such as maintenance shops ,  a i r c r a f t  hanga r s ,  and 

warehouses. All forms of r a d i a n t  h e a t e r s ,  i n c l u d i n g  gas- and o i l - f i r e d  

d i r e c t  and i n d i r e c t  h e a t e r s  and e l e c t r i c - r e s i s t a n c e  h e a t e r s ,  a r e  con- 

s i d e r e d .  The o p e r a t i o n  of r a d i a n t  h e a t e r s  i s  d i s c u s s e d ,  and the  v a r i o u s  

k i n d s  a v a i l a b l e  are d e s c r i b e d .  The r a d i a n t - h e a t e r  c h a r a c t e r i s t i c s  t h a t  

r e s u l t  i n  f u e l  s a v i n g s  a r e  d i s c u s s e d ,  compara t ive ly ,  w i t h  f o r c e d - a i r  

h e a t e r s .  The k i n d s  of b u i l d i n g s  b e s t  s u i t e d  €or r a d i a n t  h e a t e r s ,  a long  

w i t h  h e a t e r  s e l e c t i o n  c r i t e r i a ,  are d e s c r i b e d .  Recommendations t h a t  

could l ead  t o  widespread r e t r o f i t  of r a d i a n t  h e a t e r s  and t o  co r re spond ing  

f u e l  s a v i n g s  w i t h i n  t h e  Army are made. 
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The U.  S. Army F a c i l i t i e s  Eng inee r ing  Support  Agency (FESA), F o r t  

B e l v o i r ,  V i r g i n i a ,  i s s u e d  Task Order No. 0016 on May 5 ,  1986, r e q u e s t i n g  

t h a t  i n f r a r e d  r a d i a n t  h e a t e r s  be e v a l u a t e d  f o r  Army a p p l i c a t i o n s .  To 

meet t h e  o b j e c t i v e s  of t h i s  t a s k ,  t h e  fo l lowing  a c t i o n s  were taken:  

1. A computer ized l i t e r a t u r e  s e a r c h  of s e v e r a l  d a t a  bases  was conducted. 

About 50 r e p r i n t s  of t e c h n i c a l  a r t i c l e s  were rece ived .  Many con- 

cerned p rocess  a p p l i c a t i o n s  of r a d i a n t  h e a t e r s  and were not  s u i t a b l e  

f o r  t h i s  e v a l u a t i o n .  

2. A form l e t t e r  d e s c r i b i n g  the t a s k  and r e q u e s t i n g  product  l i t e r a t u r e  

and o t h e r  i n f o r m a t i o n  was s e n t  t o  -40 r a d i a n t - h e a t e r  manufac tu re r s .  

Responses from -30 companies wers r e c e i v e d .  S e v e r a l  sales repre- 

s e n t a t i v e s  of t he  companies te lephoned and asked about t h e  s tudy .  

3. Letters  t o  t h e  a p p r o p r i a t e  p r o f e s s i o n a l  and t r a d e  a s s o c i a t i o n s  

d e s c r i b i n g  the  t a s k  and r e q u e s t i n g  a p p r o p r i a t e  i n f o r m a t i o n  were 

s e n t .  Each responded by send ing  i n f o r m a t i o n  about  i t s  a s s o c i a t i o n .  

An i n t e r e s t i n g  f i n d i n g  from the  above s o u r c e s  of i n f o r m a t i o n  was t h a t  t h e  

Navy had p r e v i o u s l y  conducted an e x t e n s i v e  s t u d y  of r a d i a n t  h e a t e r s  f o r  

a p p l i c a t i o n  i n  a i r c r a f t  hangars .  I t  was a l so  d i s c l o s e d  du r ing  t e l ephone  

c o n v e r s a t i o n s  w i t h  r a d i a n t - h e a t e r  manufac tu re r s  tha t  the Army a l r e a d y  has 

many r a d i a n t - h e a t e r  i n s t a l l a t i o n s .  

T h i s  e v a l u a t i o n  of r a d i a n t  h e a t e r s  f o r  Army i n s t a l l a t i o n  i s  based 

s o l e l y  on i n p u t  from t h e  above s o u r c e s  of i n f o r m a t i o n .  
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4 .  RADIAPX-HEATER TECHNOLOGY 

I n f r a r e d  r a d i a n t  h e a t e r s  have t h e  unique c h a r a c t e r i s t i c  t h a t  t hey  

a p p l y  h e a t  directly on t h e  person o r  o b j e c t  r e q u i r i n g  hea t .  

s o n ,  f o r c e d - a i r  h e a t e r s  h e a t  indirectly by warming t h e  a i r  t h a t  s u r r o u n d s  

t h e  person o r  o b j e c t .  When p r o p e r l y  a p p l i e d ,  t h i s  " d i r e c t "  h e a t i n g  pro- 

cess e x h i b i t s  a number of advan tages ,  t h e  main one being t h a t  less energy 

i s  r e q u i r e d  t o  a c h i e v e  the  same comfort  l e v e l  as f o r c e d - a i r  h e a t e r s .  

Other advantages and d i s a d v a n t a g e s  w i l l  be po in t ed  o u t  i n  t h e  t e x t  t h a t  

fo l lows .  Radiant  h e a t e r s  have been used t o  hea t  i n d u s t r i a l  and conmer- 

c ia1 b u i l d i n g s  f o r  many y e a r s .  I n  r e c e n t  y e a r s ,  t h e i r  a p p l i c a t i o n  has  

i n c r e a s e d  c o n s i d e r a b l y  because of t he  d e c r e a s e  i n  f u e l  r equ i r emen t s  

as s o c i  a t ed w i  t h t h e  i r  use.  

By compari- 

4 .1  RADIANT-HEATEK OPERATION 

The method of heat t r a n s m i s s i o n  used by r a d i a n t  h e a t e r s  i s  com- 

p l e t e l y  d i f f e r e n t  t han  t h e  method used by c o n v e n t i o n a l  f o r c e d - a i r  

h e a t e r s .  It i s  n e c e s s a r y  t o  unde r s t and  t h e s e  d i f f e r e n c e s  f o r  a proper  

unde r s t and ing  of r a d i a n t  h e a t e r s .  Thus, a s h o r t  d i s c u s s i o n  of t h e  

p h y s i c s  invo lved  i s  i n i t i a l l y  necessa ry .  

A fundamental  p r i n c i p l e  of p h y s i c s  i s  t h a t  a t  a l l  times a l l  mate- 

r i a l s  r a d i a t e  energy i n  the  form of e l e c t r o m a g n e t i c  waves. Th i s  i s  a 

t e m p e r a t u r e - r e l a t e d  phenomenon, and two p h y s i c a l  laws are a p p r o p r i a t e  t o  

t h i s  d i s c u s s i o n .  F i r s t ,  Wien's Law s t a t e s  t h a t  t h e  wavelength of e l e c -  

t romagne t i c  r a d i a t i o n  d e c r e a s e s  as t h e  material  t empera tu re  i n c r e a s e s :  

wavelength = c o n s t a n t / a b s o l u t e  t empera tu re  . 
Second, t h e  Stefan-Boltzmann Law s t a t e s  t h a t  t h e  i n t e n s i t y  of r a d i a t i o n  

i n c r e a s e s  as t h e  material's t empera tu re  t o  t h e  f o u r t h  power: 

r a d i a t i o n  i n t e n s i t y  = c o n s t a n t  X ( a b s o l u t e  t e m p e r a t u r e ) 4  . 
S t r i c t l y  speak ing ,  t h e s e  laws are v a l i d  on ly  f o r  materials t h a t  are 

opaque ( n o t  t r a n s p a r e n t )  and do no t  r e f l e c t  r a d i a t i o n .  Th i s  i s  no t  a 

s e r i o u s  l i m i t a t i o n  because most materials found i n  b u i l d i n g s  t h a t  a r e  
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a p p r o p r i a t e  f o r  r a d i a n t  h e a t e r s  are opaque and do not  r e f l e c t  a g r e a t  

d e a l  of r a d i a n t  energy.  The s t r o n g  dependence of r a d i a t i o n  i n t e n s i t y  on 

t empera tu re  forms t h e  b a s i s  €o r  r a d i a n t - h e a t e r  o p e r a t i o n .  F o r t u n a t e l y ,  

t h e  i n t e n s i t y  of r a d i a t i o n  from m a t e r i a l s  a t  t empera tu res  over  -1000'F i s  

h i g h  enough t o  be u s e f u l  f o r  b u i l d i n g  h e a t i n g  a p p l i c a t i o n s .  These tem- 

p e r a t u r e s  are r e a d i l y  a t t a i n a b l e  w i t h  gaseous  o r  l i q u i d  f u e l s  o r  elec- 

t r i c i t y ;  t h u s ,  a l l  of t h e  r equ i r emen t s  f o r  a h e a t i n g  s y s t e m  are p resen t .  

The wavelength  of most r a d i a n t  energy  from m a t e r i a l s  i n  t h i s  t empera tu re  

range  is  i n  t h e  i n f r a r e d  r eg ion  of t h e  e l e c t r o m a g n e t i c  spec t rum,  t h u s ,  

t h e  name " i n f r a r e d "  r a d i a n t  hea t e r .  N e v e r t h e l e s s ,  some of t h e  r a d i a t i o n  

i s  i n  t h e  v i s i b l e  l i g h t  r e g i o n  of t h e  spec t rum,  and r a d i a n t  h e a t e r s  

appear  t o  glow red  a t  lower t empera tu res  or  ye l low a t  h ighe r  t e n p e r a t u r e s .  

Two unique c h a r a c t e r i s t i c s  of i n f r a r e d  r a d i a n t  h e a t e r s  de te rmine  

t h e i r  n a t u r e  as a h e a t i n g  system and,  t h u s ,  t h e i r  advantages  and d i sad -  

van tages  compared wi th  f o r c e d - a i r  heaters: 

1. Energy i s  t r a n s f e r r e d  from t h e  h e a t e r  t o  t h e  o b j e c t  being hea ted  by 

e l e c t r o m a g n e t i c  r a d i a t i o n ;  t h e r e f o r e ,  t h e  energy  t r a n s f e r  occur s  

i n s t a n t a n e o u s l y  (at: t h e  speed of l i g h t )  on an unobs t ruc t ed  s t r a i g h t  

l i n e  between the  h e a t e r  and hea ted  o b j e c t .  

2. A i r  i s  a poor abso rbe r  of i n f r a r e d  r a d i a t i o n .  However, t h e  more 

common s o l i d  materials ( e . g . ,  c l o t h e s ,  peop le ,  c o n c r e t e ,  p l a s t e r ,  

p a i n t ,  s o i l ,  wood, and p r o t e c t e d  m e t a l s )  are good a b s o r b e r s  of 

i n f r a r e d  r a d i a t i o n .  Po l i shed  m a t e r i a l s  tend t o  r e f l e c t  i n f r a r e d  

r a d i a t i o n  r a t h e r  t h a n  abso rb  it. 

Probably  t h e  most s i g n i f i c a n t  consequence of t h e s e  unique charac-  

t e r i s t i c s  i s  t h a t  o b j e c t s  are hea ted  d i r e c t l y .  The h e a t e r s  release 

i n f r a r e d  r a d i a t i o n  t h a t  shines down on the area be ing  hea ted .  A i r  does  

n o t  a b s o r b  t h e  r a d i a t i o n ;  t h e r e f o r e ,  i t  is n o t  heated d i r e c t l y  by t h e  

r a d i a t i o n .  R a t h e r ,  t h e  s o l i d  o b j e c t s  on t h e  ground ( f l o o r ,  p e r s o n n e l ,  

equipment ,  m a t e r i a l s ,  etc.) abso rb  t h e  r a d i a t i o n  and are hea ted  t o  t e m -  

p e r a t u r e s  g r e a t e r  t h a n  the a i r  tempera ture .  Then, t h e  a i r  is warmed by 

c o n v e c t i v e  h e a t i n g  from t h e  warmer o b j e c t s .  Thus, i n  g e n e r a l ,  the a i r  

t empera tu re  w i l l  be s l i g h t l y  coozer t h a n  t h e  o b j e c t s  be ing  hea ted .  By 

comparison,  a f o r c e d - a i r  h e a t e r  h e a t s  the a i r  i n  a b u i l d i n g .  The warmer 



a i r  t hen  h e a t s  t he  o b j e c t s  i n  the  b u i l d i n g  by corivective hea t  t r a n s f e r .  

In  g e n e r a l ,  wi th  f o r c e d - a i r  h e a t e r s  t h e  a i r  t empera tu re  w i l l  be w m e r  

t h a n  the o b j e c t s  being heated.  The " o b j e c t s "  i n  t h i s  comparat ive example 

i n c l u d e  pe r sonne l .  Thus, human comfort  may be achieved w i t h  a lower 

t h e r m o s t a t  s e t t i n g  w i t h  r a d i a n t  h e a t e r s  t han  wi th  f o r c e d - a i r  h e a t e r s .  

More w i l l  be d i s c u s s e d  l a t e r  abou t  t h i s  phenomenon and i t s  r e l a t i o n s h i p  

t o  energy conse rva t ion .  

The i d e a  t h a t  t h e  f l o o r s  and material  o b j e c t s  are warmer f o r  a 

r ad ian t -hea ted  space  than  a f o r c e d - a i r  hea t ed  space has  o t h e r  imp l i ca -  

t i o n s .  Consider  a b u i l d i n g  w i t h  l a r g e  door s  t h a t  must be opened and 

c losed  f r e q u e n t l y  ( e , g . ,  a i r c r a f t  hanga r s ,  c e r t a i n  maintenance shops ,  and 

warehouses) .  A f t e r  t he  door s  are c l o s e d ,  t he  l a r g e  mass of warm o b j e c t s  

( i n c l u d i n g  t h e  f l o o r )  w i l l  u s u a l l y  r e h e a t  t he  b u i l d i n g  to i t s  t h e r m o s t a t  

s e t t i n g  much f a s t e r  than will f o r c e d - a i r  h e a t e r s .  Even when the  doors  

a r e  l e f t  open, r a d i a n t  hea t  w i l l  beam down on t h e  p e r s o n n e l ,  and t h e y  

w i l l  expe r i ence  warmth. Forced-air  h e a t e r s  may be i n e f f e c t i v e  i n  t h i s  

s i t u a t i o n  because t h e i r  w a r m  a i r  would tend t o  r ise t o  t h e  roo f .  Of 

i n t e r e s t  t o  c e r t a i n  m i l i t a r y  p o s t s  i s  a n o t h e r  advantage t o  having the  

o b j e c t s  i n  a hea ted  space  warmer t h a n  t h e  a i r ;  i t  concerns r u s t i n g  o f  

u n p r o t e c t e d  s teel  p a r t s .  I n  c e r t a i n  climates,  p a r t i c u l a r l y  near  t h e  

ocean,  some manufac tu re r s  have r e p o r t e d  s i g n i f i c a n t  r u s t i n g  of metal as 

a r e s u l t  of condensa t ion  o r  m i s t  s e t t l i n g  on t h e  metal. Radiant  heaters 

a l l e v i a t e d  t h e  problem by keeping t h e  metal t empera tu re  above t h e  dew 

p o i n t ,  t hus  p r e v e n t i n g  condensa t ion  and e v a p o r a t i n g  m i s t  t h a t  s e t t l e d  on 

t h e  metals .  

Rad ian t  h e a t e r s  are o f t e n  used f o r  outdoor  a p p l i c a t i o n s .  When posi-  

t i o n e d  above l o a d i n g  docks o r  ou tdoor  maintenance areas, working person- 

n e l  expe r i ence  w a r m t h  even i n  t h e  c o l d  o u t s i d e  air .  To i l l u s t r a t e  the 

p o i n t ,  one known a p p l i c a t i o n  i s  i n  a large ice  s k a t i n g  r i n k  f o r  ice 

shows. It was n e c e s s a r y  t o  heat the s e a t i n g  area while ma in ta in ing  a 

co ld  ambient t empera tu re  t o  p r o t e c t  t h e  ice. Th i s  w a s  accomplished w i t h  

r a d i a n t  heaters, which had r e f  l e c t o r s  t h a t  focused t h e  i n f r a r e d  r a d i a t i o n  

on the s e a t i n g  area. The s e a t e d  s p e c t a t o r s  were r e l a t i v e l y  comfor t ab le ,  

and t h e  ice was p r o t e c t e d .  
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A problem w i t h  r a d i a n t  h e a t e r s  i s  t h a t  t h e  o b j e c t  o r  person  be ing  

hea ted  must be i n  l i n e  of s i g h t  of t h e  h e a t e r .  For example, i n  a v e h i c l e  

r e p a i r  s h o p ,  a persor, working beneath a v e h i c l e  would g e n e r a l l y  be out of 

s i g h t  of t h e  heaters and, t h u s ,  r e c e i v e  no d i r ec t .  r a d i a n t  h e a t .  Manufac- 

t u r e r s  claim t h a t  f o r  a p r o p e r l y  designed system, t h i s  i s  u s u a l l y  not a 

problem. I n  a wel l -designed h e a t i n g  system, pe r sonne l  r e c e i v e  r a d i a n t  

h e a t  from s e v e r a l  d i f f e r e n t  p l aces .  They may be i n  t h e  shade of one 

h e a t e r  bu t  probably not  i n  the  shade of a l l  h e a t e r s .  Secondly,  t h e  warm 

f l o o r  would c o n t r i b u t e  t o  t h e  s p r e a d  of warmth a t  t h e  working l e v e l .  

P o r r a b l e  h e a t e r s  may be used f o r  t h e  s i t u a t i o n  where v i r t u a l l y  no hea t  i s  

a v a i l a b l e  t o  t h e  repair  person.  

4 . 2  K I N D S  AND AVAILABILITY 

The use  of r a d i a n t  h e a t e r s  has i n c r e a s e d  s u b s t a n t i a l l y  i n  r e c e n t  

y e a r s  because of t h e i r  d e c r e a s e  i n  f u e l  use.  Many d i f f e r e n t  k i n d s  of 

h e a t e r s  are a v a i l a b l e ,  and t o  d e s c r i b e  t h e i r  c h a r a c t e r i s  t i c s ,  t h e s e  

h e a t e r s  are c l a s s i f i e d  by f u e l  use.  

4.2.1 Gas-Fired Rad ian t  Heaters 

The American S o c i e t y  of Hea t ing ,  R e f r i g e r a t i o n ,  and Air Cond i t ion ing  

Eng inee r s  (ASHFL4E)l d e f i n e s  f o u r  b a s i c  t y p e s  of g a s - f i r e d ,  i n f r a r e d  r a d i -  

a n t  h e a t e r s .  T h e i r  c h a r a c t e r i s t i c s  are l i s t e d  i n  Table  4 . 1 ,  and examples 

are i l l u s t r a t e d  i n  Fig.  4.1. An open gas  flame w i l l  g e n e r a t e  i n f r a r e d  

r a d i a t i o n ;  however, hea t ed  s u r f a c e s  are wre e f f i c i e n t .  T h e r e f o r e ,  a l l  

manufactured h e a t e r s  r e l y  on hot s u r f a c e s  as t h e i r  sou rce  of r a d i a t i o n .  

Type 1 i s  an i n d i r e c t  h e a t e r  because combustion takes p l a c e  on t h e  

i n s i d e  of a metallic o r  ceramic tube.  The tube  s u r f a c e  t empera tu res  may 

be as high as 120O0F. The combustion gases are u s u a l l y  ven ted  t o  the 

o u t s i d e ,  and an e d u c t o r  f a n  [Fig.  4 . l ( b ) ]  is r e q u i r e d .  Shaped r e f l e c t o r s  

above t h e  r a d i a n t  t ube  f o c u s  t h e  r a d i a n t  energy and also help t o  p r e v e n t  

c o n v e c t i v e  h e a t  l o s s  from t h e  t u b e  t o  t h e  ambient  a i r .  A c t u a l  

i n s t a l l a t i o n s  are shown i n  F igs .  4 . 2  and 4 . 3 .  

Type 2 is a d i r e c t  h e a t e r  because the f u e l - a i r  mix tu re  is f o r c e d  

th rough  a porous p l a t e  and exposed combustion o c c u r s  on the o u t e r  s u r f a c e  



Table 4.1. Characteristics of typical gas-fired infrared heaters 

Type 
Characteristics 

1 2 3 4 

Operating temperature, O F  ("C) To 1200 ( 6 4 9 )  

Relative heat intensity,a 

Response time (heatup), s 
Radiation generating ratio 
Thermal shock resistance 
Vibration resistance 
Color blindness' 
Luminosity (visible light) 
Mounting height, ft (m) 

Btu/h* f t2 (W/m2> 
Low to 7,500 

180 
0.35 to 0.55 
Excellent 
Excellent 
Excel lent 
To dull red 
7 to 50 

( 2  t o  1 5 )  

( 204)  

1600 to 1800 

Medium 17,000 t o  32 ,000  

60 
0.35 to 0.60 
Excel lent 
Excellent 
Very good 
Yellow red 
7 to 50 (2 to 1 5 )  

( 8 7 1  to 9 8 2 )  

( 4 6 2  to 8 7 0 )  

1650 to 2800 

High 10,OOU to 62 ,000  

60 
0.35  to 0.50 
Excellent 
Excellent 
Good 
To white 
No data 

( 8 9 9  to 1538) 

( 2 7 2  to 1,686) 

650 ( 3 4 3 )  

Low 800 t o  3,000 

300 
No data 
Excellent 
Exce 1 lent 
Excel lent 
None 
To 10 ( 3 )  

( 2 2  t o  8 2 )  

Wind or draft  resistance Good Fair Fair Very good 
Nonvented Nonvent ed Venting Optional Nonvented 

Flexibility Good Excellent - wide range Excellent - wide range Limited - to low- 
of heat intensities of heat intensities heat intensity 
and mounting possi- possible 
bilities available 

appl ica t i ons 

aHeat intensity emitted at burner surface .  

bRatio of radiant output to Btu (kJ) input. 

'Color blindness refers to absorptivity by varioue loads of energy emitted by the different sources. 

SourCe: 
Society of Heating, Refrigerating and Air-conditioning Engineers, Inc., New York, 1979,  Table 1 ,  p. 29.1.  

Reprinted with permission from ASHRAE Handbook and Product Directory - 1979 Equipment, American 
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Fig. 4.1. F ive  d i f f e r e n t  t y p e s  of g a s - f i r e d  i n f r a r e d  b u r n e r s ,  
Source: ASHRAE Handbook a d  Product Directory: 1979 Equipmnk, American 
S o c i e t y  of Heat ing,  R e f r i g e r a t i n g  and Ai r - cond i t ion ing  Eng inee r s ,  Inc . ,  
New York, 1979,  Fig. 1, p. 29.2. 
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Fig. 4.2. Instal led indirect radiant heaters in  an industrial 
se t t ing .  Source: Wondaim, Automatic Heating Equipment, Cox Manufac- 
turing Company, Inc. ,  Ridgeville,  Ind., 1986. 
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of t h e  p l a t e  i n  t h e  b u i l d i n g  space. The porous p l a t e  nay be porous 

c.erarnic o r  a metal l ic  s c r e e n  c o n f i g u r a t i o n .  Surf  ace t empera tu res  may be 

1600 t o  1800'F. Because t h e s e  h e a t e r s  o p e r a t e  a t  c o n s i d e r a b l y  h ighe r  

t empera tu res  than  t h e  Type 1 h e a t e r s ,  t h e i r  r a d i a t i o n  i n t e n s i t y  is much 

g r e a t e r .  Unless  p r o p e r l y  i n s t a l l e d ,  t h e  hot convec t ive  a i r  plume r i s i n g  

from one of t h e s e  h e a t e r s  may cause  c h a r i n g  of wooden s t r u c t u r e s  l o c a t e d  

above i t .  T y p i c a l l y ,  t h e s e  h e a t e r s  are not vented.  Because one of t h e  

p r o d u c t s  of combustion i s  water vapor ,  problems w i t h  condensa t ion  benea th  

t h e  roof can resu l t .  These h e a t e r s  a l s o  have r c t l e c t o r s  t o  f o c u s  t h e  

r a d i a n t  energy. Actual  i n s t a l l a t i o n s  are shown i n  F igs .  4.4 and 4.5. 

In Type 3 ,  which is a l s o  a d i r e c t - f i r e d  h e a t e r ,  t h e  ho t  s u r f a c e  is 

g e n e r a t e d  by impingment of an open f lame on an  exposed r e f r a c t o r y  sur- 

face. Th i s  t ype  O E  h e a t e r  will have many of the. same c h a r a c t e r i s t i c s  and 

problems a s s o c i a t e d  w i t h  Type 2 h e a t e r s  because they  b o t h  f e a t u r e  an 

exposed flame. Heaters of t h i s  type are not i n  common use f o r  b u i l d i n g  

hea t ing .  

Type 4 i s  a c a t a l y t i c  combustion h e a t e r .  S t r u c t u r a l l y ,  i t  is siffii- 

l a r  to t h e  Type 2 h e a t e r ,  bu t  t h e  r e f r a c t o r y  material i s  u s u a l l y  g l a s s  

wool. The d i s t i n c t i v e  f e a t u r e  of t h i s  h e a t e r  i s  t h a t  t h e  r a d i a t i i i g  sur- 

f a c e  c o n t a i n s  a chemical  c a t a l y s t  t h a t  causes t h e  gas  t o  "burn" a t  a l o w  

t empera tu re  and wi thou t  v i s i b l e  flame. There are s p e c i a l  a p p l i c a t i o n s  

where low-temperature r a d i a n t  h e a t e r s  are r e q u i r e d .  Because of t h e i r  low 

t e m p e r a t u r e ,  t h e i r  r a d i a n t  i n t e n s i t y  is q u i t e  low. A s  w i t h  t h e  Type 2 

h e a t e r s ,  p r o b l e m  could deve lop  from condensa t ion  of water vapor.  

Rad ian t  h e a t e r  Types 1 and 2 are by f a r  t h e  most common f o r  b u i l d i n g  

h e a t i n g  a p p l i c a t i o n s .  Table  4 .1  shows t h a t  r a d i a t i o n  g e n e r a t i n g  r a t i o s  

range from 0.35 t o  0.60. T h i s  is  t h e  r a t i o  of r a d i a n t  o u t p u t  t o  the  h e a t  

i n p u t  a5 unburned g a s  and,  t h e r e f o r e ,  can he thought  of as a the rma l  

e f f i c i e n c y  i n  the  same s e n s e  as f o r  a f o r c e d - a i r  h e a t e r .  

4.2.2 Electr ic  Radiant  Heaters 

ASHRAE d e f i n e s  f o u r  b a s i c  t y p e s  of e l e c t r i c  i n f  r aced  r a d i a n t  

h e a t e r s . l  T h e i r  c h a r a c t e r i s t i c s  are l i s t e d  i n  Tab le  4 .2 ,  and examples 

are i l l u s t r a t e d  i n  Fig.  4.6. :Ira t h i s  case, t h e  hot  s u r f a c e  i s  gene ra t ed  
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Fig. 4.5. Installed direct radiant heaters i n  an industrial storage 
area. Soume: Ths Signif&mt Advmtcrges of Gas InfmRsd Spaae 
Heating: Ths Basio p r i n c i p l e .  The mehn.tqus. !&e &oOnamics. Petfee- 
tion Schwank Inf ra-Red, Waynesboro, Ga. 
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Table  4.2. C h a r a c t e r i s t i c s  of f o u r  e l e c t r i c  i n f r a r e d  e lements  

C h a r a c t e r i s t i c  

~ ~~ 

TY P e  

1: Metal s h e a t h  2 :  R e f l e c t o r  lamp 3:  Quar tz  tube  4: Quartz  lamp 

Re s i s t o r  
Re 1 a t  ive  

Res i S t 0 t 
Envelope 
"F ("C) 

m a t e r i a l  
hea t  i n t e n s i t y  

tempera ture ,  *F ( " C )  
temperature  (in use)  

Radia t ion  g e n e r a t i n g  r a t i o u  
Response tiate ( h e a t u p ) ,  8 

Luminosity ( v i s i b l e  l i g h t )  
Thermal shock r e s i s t a n c e  

V i b r a t i o n  rreistance 
Impact r e s i s t a n c e  
Res is tance  t o  d r a f t 8  or wind 
Uounting p o s i t i o n  
Envelope material 

b 

Color b l i n d n e s s  
F l e x i b i l i t y  

L i f e  expectancy,  h 

Nickel-chromium a l l o y  
Medium 60 Wlin. 
(2.4 kW/m), 1/2-in. 
(12.7-mm) diam 
1750 (954) 
1550 ( 8 4 3 )  

0.58 
1 so 
Very l o w  ( d u l l  r e d )  
E x c e l l e n t  

E x c e l l e n t  
Excel l e n t  
eoor 
h Y  
S t e e l  a l l o y  

Very good 
Good - wide range 

of  watts d e n s i t y ,  
l e n g t h ,  and VOltilge 
prac t i c a l  
>5000 

Tungsten wire Nickel-chromium a l l o y  
High, 125-375 W/spot Medium t o  h i g h ,  

7 5  W/in. ,  1 / 2 - i n .  
(12.7-mm) diam 

4050 (2232) 1700 (927) 
525-575 (274-302) 1200 (649) 

0.86 
A few seconds 
High, 8 lm/W 
Poor t o  e x c e l l e n t  
( h e a t  -r e 6 is  t an  t glass ) 

Medium 
Medium 
E x c e l l e n t  

Regular  or heat-  
r e s i s t a n t  g l a s s  

0.61 
60 
Low ( o r a n g e )  
Exce 11 e n t  

Medium 
Po0 r 
Medium 

Trans lucent  q u a r t z  
Hot 1 zon t SIc 

F a i r  Very good 
Limited t o  125-250 E x c e l l e n t  - v i d e  range 

and 375 W a t  120 V oE w a t t s  d e n s i t y ,  

5000 

d i a m e t e r ,  l e n g t h ,  and 
voltage p r a c t i c a l  
5000 

Tungsten wire  
H i g h ,  100 W/in. 

(3.9 kW/m), 3/8-in. 
(0.96-mm) diam 
4050 (2232) 
1100 (593) 

0.86 
A few seconds  
High ,  7.5 lm/W 
E x c e l l e n t  

Medium 
Po0 r 
E x c e l l e n t  
H o r i z o n t a l  
C l e a r ,  t r a n s l u c e n t  

o r  f r o s t  q u a r t z  
snd i n t e g r a l  ted- 
f i l t e r  gl8SS 

F a i r  
Limited,  1 t o  3 
wat tages  f o r  each 
v o l t a g e ;  1 l e n g t h  
f o r  eaeh c a p a c i t y  
5000 

%$ti0 of r a d i a n t  o u t p u t  t o  watt i n p u t  (e lements  on ly) .  

be s h i e l d e d  from wind e f f e c t s  by l o u v e r s ,  deep-drawn f i x t u t e s ,  or both. 

%ay be provided w i t h  s p e c i a l  i n t e r n a l  s u p p o r t s  for o t h e r  than  h o r i z o n t a l  use. 

Source: Repr in ted  wi th  permission from ASKRAE Handbook and Produat Dimetory - 1979 Equipment, h r i c a n  Society of 
Heat ing,  R e f r i g e r a t i n g  and Air-Condit ioning Engineere ,  Inc., New York, 1979, Table 2 ,  p. 29.4. 
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ORNL-DWG 87-4346 E T D  
TYPE 1 

N I C K E L  CWROYIUU 
R E S I S T O R  WIRE 

( 0 1  METAL SHEATH ELEMENT 

TYPE 2 

SCREW B I S E  

REGULAR OR 

CLASS ENVELOPE 

( b )  REFLECTOR LAMP ELEMENT 

TYPE 3 
E N 0  CAPPED BUT OUARTZ E N V E L O P E  

NOT SEALED 

NICKEL CMROYIUU 
RESISTOR WIRE 

POWER 
SUPPLY 

CONNECT I 

( c )  OUARTZ TUBE ELEMENT 

r Y P E  1 
TAYTALUY SPACER 

POWER 
SUPPLY TUNGSTC I 

RE 5 IS  T OR 
WIRE 

C O N N E C T I O N  

FILLED WtTW 
INERT G A S  

f d )  TUBULAR QUARTZ LAMP ELEMENT 

Fig .  4 . 6 .  Commonly used e l e c t r i c  i n f r a r e d  elements .  

by r e s i s t a n c e - h e a t i n g  a w i r e  or r ibbon.  The main d i f f e r e n c e  i n  the  

v a r i o u s  types  i s  t h e  way t h a t  t h e  wire o r  r ibbon is  suppor ted  and h e a t  

t r a n s f e r r e d .  

Type 1 f e a t u r e s  a nickel-chromium r e s i s t a n c e  wire embedded i n  an 

e lec t r ic  i n s u l a t i n g  r e f r a c t o r y  m a t e r i a l  and encased i n  a metal sheath. 

C o n s t r u c t i o n  i s  very s i m i l a r  t o  t h e  h e a t i n g  e lements  of an e lec t r ic  s t o v e  

o r  oven. These h e a t e r s  are t h e  most rugged of t h e  f o u r  types  and can be 

mounted i n  any p o s i t i o n .  Shea th  t empera tu res  range from 1200 t o  1800°F. 

Heat ing  e lements  are u s u a l l y  b u i l t  i n t o  shaped r e f l e c t o r s .  

Type 2 is an i n f r a r e d  lamp. These are commonly used i n  r e s t a u r a n t s  

t o  keep food w a r m ,  and many homes have t h e s e  lamps i n  t h e  bathroom as a n  
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a d d i t i o n a l  sou rce  of hea t  when g e t t i n g  o u t  of t ne  shower. They featur t -  a 

t u n g s t e n  f i l a m e n t  i n  a h e a t - r e s i s t a n t  g l a s s  globe. The i n s i d e  i s  p a r t i -  

a l l y  s i l v e r e d  t o  act  as a r e f l ec to r .  They a r e  commonly a v a i l a b l e  t o  

screw i n t o  an o r d i n a r y  120-V l i g h t  socke t .  

Type 3 f e a t u r e s  a c o i l e d  nickel-chromium wire  l y i n g  unsupported i n  

an evacua ted  q u a r t z  tube.  These u n i t s  s t a n d  up w e l l  t o  thermal  shock b u t  

are e a s i l y  damaged by mechanical  shock. They must be mounted horizon-  

t a l l y ,  u s u a l l y  i n  a f i x t u r e  t h a t  c o n t a i n s  a r e f l e c t o r .  

Type 4 ,  similar i n  appearance t o  Type 3 ,  f e a t u r e s  a t u n g s t e n  f i l a -  

ment, h e l d  i n  p l a c e  wi th  t a n t a l u m  s p a c e r s ,  i n s i d e  a q u a r t z  tube.  I t  

d i f f e r s  from Type 3 ,  however, because the t u n g s t e n  can be hea ted  t o  a 

much h i g h e r  t e m p e r a t u r e ,  and,  t h u s ,  the r a d i a n t  i n t e n s i t y  i s  greater.  

I n  most cases, t h e  c o s t  of e l e c t r i c i t y  compared w i t h  gas  w i l l  pre- 

c l u d e  t h e  use of e l ec t r i c  r a d i a n t  h e a t e r s  f o r  g e n e r a l  b u i l d i n g  h e a t i n g .  

However, as a s p o t  h e a t e r  t hey  a r e  q u i t e  u se fu l .  Because they  can be 

o b t a i n e d  t o  o p e r a t e  i n  120 V, i t  is  r e l a t i v e l y  e a s y  t o  i n s t a l l  a s i n g l e  

(or  a few) h e a t e r s  f o r  a small a rea .  E l e c t r i c  r a d i a n t  h e a t e r s  can be 

o b t a i n e d  i n  a v a r i e t y  of p o r t a b l e  c o n f i g u r a t i o n s .  

E l e c t r i c  r a d i a n t  heaters have t h e  advantage t h a t  t hey  can be modu- 

l a t e d .  There may be a p p l i c a t i o n s  where t h i s  i s  a d e s i r a b l e  f e a t u r e ,  

Gas-fired h e a t e r s  are g e n e r a l l y  provided on ly  w i t h  a n  on /o f f  c o n t r o l .  

4.2.3 Oi l -F i r ed  Rad ian t  Heaters 

Oil-f i r e d ,  i n f r a r e d  r a d i a n t  h e a t e r s  are s i m i l a r  t o  t h e  gas-f i r e d  

Type 1 u n i t s ,  However, t hey  must always be vented.  They are a v a i l a b l e  

commercial ly  but are not; as widely used as g a s - f i r e d  heaters. 

4 . 3  COMPARISON WITH FORCED-AIR HEATERS 

Radian t  heaters are most a p p r o p r i a t e  f o r  shops,  warehouses,  and 

similar buildings, g e n e r a l l y  commercial and i n d u s t r i a l .  Today, these 

k i n d s  of b u i l d i n g s  are most commonly heated with some v a r i e t y  of forced- 

a i r  h e a t e r s .  The t h r u s t  of t h i s  comparison w i l l  be to i l l u s t r a t e  why 

r a d i a n t  h e a t e r s  u s u a l l y  r e q u i r e  less f u e l  than f o r c e d - a i r  h e a t e r s .  There 

are p r i m a r i l y  two o p e r a t i n g  c h a r a c t e r i s t i c s  of r a d i a n t  h e a t e r s  t h a t  are 
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r e s p o n s i b l e  f o r  reduced f u e l  requi rements  : 

1. r e d u c t i o n  i n  t h e  v e r t i c a l  t empera ture  g r a d i e n t  w i th in  a b u i l d i n g ,  and 

2. t h e  e f f e c t  of r a d i a n t  energy  on human comfort .  

Both of t h e s e  c h a r a c t e r i s t i c s  r e s u l t  from t h e  f a c t  t h a t  r a d i a n t  h e a t e r s  

h e a t  o b j e c t s  d i r e c t l y  r a t h e r  t han  h e a t  t he  a i r  t h a t  sur rounds  the  o b j e c t s .  

4.3.1 Temperature S t r a t i f i c a t i o n  

The d e n s i t y  of a i r  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  i t s  a b s o l u t e  t e m -  

p e r a t u r e ;  t h a t  i s ,  as t h e  t empera tu re  of a i r  i n c r e a s e s ,  i t s  d e n s i t y  

d e c r e a s e s .  Thus, warm a i r  always rises. This  f a c t  i n f l u e n c e s  the per-  

formance of a l l  f o r c e d - a i r  h e a t e r s .  Consider  a common gas - f i r ed  u n i t  

h e a t e r  suspended from t h e  c e i l i n g .  The d i s c h a r g e  from such a h e a t e r  is 

u s u a l l y  -100 t o  130'F and d i r e c t e d  downward toward t h e  f l o o r .  I f  t h e  

b u i l d i n g  space i s  main ta ined  a t  60 t o  70°F, then  the  d i s c h a r g e  a i r  is  

c o n s i d e r a b l y  warmer than  t h e  the rmos ta t  s e t t i n g .  Much of t h i s  warm d i s -  

cha rge  a i r  w i l l  rise t o  t h e  c e i l i n g  or roof area. I n  such a b u i l d i n g ,  

t h e  a i r  t empera tu re  near  t h e  c e i l i n g  i s  commonly found t o  be g r e a t e r  t h a n  

t h e  a i r  t empera tu re  a t  t h e  working l e v e l  ( n e a r  t h e  f l o o r ) .  The a i r  i n  

such a b u i l d i n g  i s  s a i d  t o  be s t r a t i f i e d .  

The exac t  t empera tu re  d i f f e r e n c e  i n  a s t r a t i f i e d  b u i l d i n g  a i r  space 

is determined by t h e  i n t e r a c t i o n  of a number of parameters  and i s  a 

f u n c t i o n  of b u i l d i n g  c h a r a c t e r i s t i c s  (e.g. ,  roof e l e v a t i o n  and i n s u l a t i o n  

l e v e l ) ,  h e a t e r  c h a r a c t e r i s t i c s  (e.g. ,  d i s c h a r g e  v e l o c i t y  and tempera- 

t u r e ) ,  and o u t s i d e  weather  c o n d i t i o n s .  Measurements have been made and 

r e p o r t e d  i n  t h e  l i t e r a t u r e .  I n  measurements made i n  t e n  a i r c ra f t  hangars  

(Navy and Air Force)  by t h e  U.S. Navy,2 t h e  a i r  t empera tu re  nea r  t h e  roof 

averaged  15OF h i g h e r  t h a n  a t  t h e  f l o o r  l e v e l  w i t h  a minimum tempera tu re  

i n c r e a s e  of 9°F and a maximum of 27OF. The o u t s i d e  tempera ture  ranged 

from 31 t o  45'F f o r  t h e s e  measurements. 

t empera tu res  nea r  t h e  roof of i n d u s t r i a l  b u i l d i n g s  as much as 25 t o  30°F 

g r e a t e r  t h a n  t empera tu res  n e a r  t h e  f l o o r  are no t  uncommon. 

Other  a ~ t h o r s ~ , ~  r e p o r t  t h a t  

Radiant  heaters by t h e i r  n a t u r e  do no t  g e n e r a t e  v e r t i c a l  t empera ture  

g r a d i e n t s .  Recall from Sect .  4.1 t h a t ,  s e q u e n t i a l l y ,  radiant h e a t e r s  

f i r s t  h e a t  t h e  f l o o r  and m a t e r i a l s  on t h e  f l o o r  by d i r e c t  r a d i a t i o n .  The 
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a i r  i n  t h e  b u i l d i n g  space  is  hea ted  subsequen t ly  by convec t ive  h e a t  

t r a n s f e r  from the  f l o o r  and o t h e r  o b j e c t s .  Thus,  t h e  f l o o r  an\: other 

o b j e c t s  a r e  t y p i c a l l y  a few degrees  warmer than  t h e  a i r  t empera ture .  

Fur thermore ,  t h e  t empera tu re  of t he  a i r  space  cannot  exceed t h e  tempera- 

t u r e  of t h e  f l o o r  and o t h e r  o b j e c t s  u n l e s s ,  of cour se ,  t h e  b u i l d i n g  con- 

t a i n s  an i n t e n s e  h e a t  s o u r c e ,  such as a furnace. For t h i s  r eason ,  t h e  

a i r  space  i n  b u i l d i n g s  hea ted  wi th  r a d i a n t  h e a t e r s  t e n d s  t o  be i s o t h e r -  

mal. Note t h a t  a smal l  bu t  r a t h e r  ho t  plume does convect  upward from 

each  h e a t e r .  I n  a c t u a l  p r a c t i c e ,  t h i s  r e p r e s e n t s  a smaller amount of 

h e a t  t h a n  t h a t  which rises from f o r c e d - a i r  h e a t e r s .  

The g e n e r a l  r e d u c t i o n  i n  a i r  t empera tu re  near t h e  roof wi th  the  u s e  

of r a d i a n t  h e a t e r s  r e s u l t s  i n  a g e n e r a l  r e d u c t i o n  i n  h e a t  l o s s  from 

i n f i l t r a t i o n  and by conduc t ion  through the roof  and walls and i n  a cor-  

responding  r e d u c t i o n  i n  f u e l  requi rements .  Note t h a t  s e v e r a l  manuf ac- 

t u r e r s  produce blower a s sembl i e s  (duc ted  and unducted)  t h a t  a r e  s p e c i f i -  

c a l l y  in t ended  t o  d e s t r a t i f y  commercial and i n d u s t r i a l  bu i ld ings .  These 

d e v i c e s  draw warm a i r  from t h e  roof a r e a  and blow i t  down t o  t h e  working 

a r e a .  

4 . 3 . 2  Radiant  Heat and Human Comfort 

Radiant  heaters o p e r a t e  much l i k e  the  sun. On a sunny day, a person  

w i l l  be comfor t ab le  a t  a c o o l e r  tempera ture  than  on a c loudy  day. S i a i -  

l a r l y ,  a person  w i l l  be comfor t ab le  a t  a somewhat c o o l e r  a i r  t empera tu re  

w i t h  r a d i a n t  h e a t e r s  t han  w i t h  f o r c e d - a i r  h e a t e r s .  

The concept  and c r i te r ia  of human the rma l  comfort  have been s u b j e c t  

t o  c o n s i d e r a b l e  r e s e a r c h .  The mathematics  r e q u i r e d  t o  i n c l u d e  t h e  

e f f e c t  of r a d i a n t  energy  i n t o  t h e  comfort  e q u a t i o n  are involved  and 

beyond t h e  scope of t h i s  assessment .  N e v e r t h e l e s s ,  some background i n  

t h e o r y  would be d e s i r a b l e .  For a large number of cases, t h e  fo l lowing  

r e l a t i o n s h i p  between temperatures can be shown to be approximate ly  t r u e  

w i t h  r a d i a n t  heat. 

To 1/2(Ta + Tr> , 

or Ta = 2To - Tr , 
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where 

To = o p e r a t i v e  t empera tu re ,  

Ta = a i r  t empera tu re  su r round ing  t h e  occupan t ,  

Tr = mean r a d i a n t  temperature .  

Ta is  t h e  a i r  t empera tu re  and i s  a measurable  q u a n t i t y ;  To and Tr a re  

imag ina ry  or e q u i v a l e n t  t empera tu res .  

can  be thought  of as the  imaginary t empera tu re  t h a t  i s  r e s p o n s i b l e  f o r  

t h e  n e t  flow of r a d i a n t  h e a t  t o  ( o r  from) t h e  occupant.  

t i v e  t empera tu re ,  can be thought  of as t h e  r e s u l t a n t  room t empera tu re  

a f t e r  t he  a i r  t empera tu re  is  c o r r e c t e d  f o r  t h e  r a d i a n t  flow of h e a t .  The 

o p e r a t i v e  t empera tu re  i s  t h e  t empera tu re  imagined by t h e  occupant.  Note 

t h a t  t h e  o p e r a t i v e  t empera tu re  is  t h e  average of Ta and T,. 

s i d e r  an example of a person s t a n d i n g  i n  a room and say t h a t  t h i s  pe r son  

i s  comfor t ab le  i n  a c o n v e n t i o n a l l y  hea ted  room a t  80°F. I f  t h e  wal l s ,  

c e i l i n g ,  and f l o o r  of t h i s  room a r e  a t  80°F, t hen  Tr w i l l  be -80'F. 

Then, t o  s o l v e ,  To = 80'F. 

t h e  o p e r a t i v e  t empera tu re  e q u a l s  t he  a i r  t empera tu re .  Thus, t he  thermo- 

s t a t  should be set  a t  80'F. Now, say t h a t  t he  w a l l s ,  c e i l i n g ,  and f l o o r  

are r a i s e d  t o  90'F. For the occupant  t o  m a i n t a i n  the  same comfort  l e v e l ,  

he must imagine t h a t  t h e  t empera tu re  is 80°F (To). 

t h e  a i r  t empera tu re  ( t h e r m o s t a t  s e t t i n g )  must be lowered t o  (2) (80)  - 
90 = 70'F. I n f r a r e d  r a d i a n t  h e a t e r s  o p e r a t e  i n  t h e  same f a s h i o n .  The 

r a d i a t i o n  they  emit has  t h e  e f f e c t  of r a i s i n g  t h e  mean r a d i a n t  tempera- 

t u r e .  Thus, t h e  a i r  t empera tu re  may be lowered t o  ach ieve  t h e  same l e v e l  

of comf o r t .  

T r ,  t h e  mean r a d i a n t  t empera tu re ,  

To, t h e  opera- 

Now, con- 

I n  o t h e r  words, t h e  man is comfor t ab le  when 

For t h i s  t o  be t r u e ,  

The above example was s i m p l i s t i c  and w a s  i n t ended  t o  i l l u s t r a t e  t he  

p r i n c i p a l s  involved.  Real is t ic  estimates of t h e  r e d u c t i o n  i n  a i r  t e m -  

p e r a t u r e  t h a t  r e s u l t s  from r a d i a n t  h e a t e r s  have been r e p o r t e d  i n  t h e  

l i t e r a t u r e  f o r  commercial and i n d u s t r i a l  environments.  One of t h e  most 

comprehensive s t u d i e s  i s  r e p o r t e d  by Janssen ,C  who reviewed d a t a  from a n  

ASHRAE-supported p r o j e c t  d i r e c t e d  toward t h e  comfort  c r i te r ia  a s s o c i a t e d  

w i t h  r a d i a n t  heaters. Four commercial b u i l d i n g s  w e r e  s e l e c t e d  i n  

Connec t i cu t  (automotive g a r a g e ,  t ank  f a b r i c a t o r ,  p a r t s  warehouse,  and 

swimming pool) .  The s t u d y  l a s t e d  €o r  2 yea r s .  Each y e a r  t h e  b u i l d i n g s  
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were hea ted  by conven t iona l  means f o r  one-half of t h e  h e a t i n g  season and 

w i t h  r a d i a n t  h e a t e r s  t he  o t h e r  h a l f  of t h e  h e a t i n g  season. The occuyaats 

of t h e s e  b u i l d i n g s  were in t e rv i ewed  r e l a t i v e  t o  t h e i r  comfort .  The con- 

c l u s i o n  of t h i s  s t u d y  i s  t h a t  w i t h  r a d i a n t  h e a t e r s  t h e  same comfort  l e v e l  

was achieved  w i t h  the  a i r  t empera tu res  -5'F less than would be r e q u i r e d  

w i t h  a conven t iona l  h e a t i n g  sys tem.  A. A. F i e l d  r e p o r t s  on a s t u d y  of a 

l a r g e  a i r c r a f t  hangar where it was e s t i m a t e d  t h a t  t h e  a i r  t empera tu re  

could  be reduced from 21 t o  15'C (70  t o  59°F)  w i t h  the  i n s t a l l a t i o n  of 

r a d i a n t   heater^.^ A s t a f f  r e p o r t  claims t h a t  t h e  use of r a d i a n t  h e a t e r s  

g e n e r a l l y  resu l t s  i n  r e d u c t i o n  of -4°C (7.2-F) in a i r  t empera tu res  while 

m a i n t a i n i n g  the  same comfort  l e v e l  .8 

The lower a i r  t empera tu res  wi th  r a d i a n t  h e a t e r s  r e s u l t  i n  less h e a t  

l o s s  through t h e  w a l l s  and i n f i l t r a t i o n ,  t hus  r e s u l t i n g  i n  energy  conser -  

v a t  i on .  

4 . 3 . 3  Expected Fuel  Savings  

The use of i n f r a r e d  r a d i a n t  h e a t e r s  i n s t e a d  of f o r c e d - a i r  h e a t e r s  

r e s u l t s  i n  fuel savings f o r  t h e  f o l l o w i n g  p r i n c i p a l  r e a s o n s :  

1. r e d u c t i o n  of t empera tu re  s t r a t i f i c a t i o n  i n  t h e  hea ted  space, 

2 .  lower  space  t empera tu re  r equ i r emen t s  because of t h e  e f f e c t  of r a d i a n t  

h e a t  on human comfor t ,  and 

3. t h e  f a c t  t h a t  r a d i a n t  h e a t e r s  are more amenable t o  zone o r  l o c a l  

c o n t r o l  t h a n  many k inds  of f o r c e d - a i r  h e a t i n g  systems.  

It is  ve ry  d i f f i c u l t  t o  p r e d i c t  t h e  precise energy  s a v i n g s  t h a t  would 

r e s u l t  from t h e  i n s t a l l a t i o n  i n  a b u i l d i n g  of r a d i a n t  h e a t e r s  r a t h e r  t h a n  

f o r c e d - a i r  heaters. The s a v i n g s  depend on t h e  b u i l d i n g  i t s e l f  ( h e i g h t ,  

i n f i l t r a t i o n ,  and v e r t i c a l  t empera tu re  g r a d i e n t ) ,  t h e  b u i l d i n g  use (door  

open ings ,  i n t e r n a l  h e a t  s o u r c e s ,  and number of o c c u p a n t s ) ,  and t h e  a l te r -  

n a t e  h e a t i n g  system ( u n i t  h e a t e r s ,  and c e n t r a l  h e a t i n g  system).  

S t u d i e s  have been conducted on t h e  energy  s a v i n g s  t h a t  r e s u l t e d  from 

t h e  r e t r o f i t  of a radiant h e a t i n g  sys tem i n  an  e x i s t i n g  b u i l d i n g .  

ASHRAEI n o t e s  t h a t  a 1973 New York S t a t e  I n t e r d e p a r t m e n t a l  Fuel  and 

Energy Committee ad hoc r e p o r t  based on i n v e s t i g a t i o n s  i n  New York claims 

a n n u a l  fuel s a v i n g s  as h igh  as 50%. ASHRAE a l s o  n o t e s  t h a t  i t  is  common 
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p r a c t i c e  t o  i n s t a l l  less t o t a l  h e a t i n g  c a p a c i t y  i n  b u i l d i n g s  heated wi th  

i n f r a r e d  r a d i a n t  h e a t e r s .  The s tudy  by Janssen  ( r e p o r t e d  i n  Sect .  4 . 3 . 2 )  

concluded t h a t  t h e  dry-bulb t empera tu re  i n  f o u r  commercial b u i l d i n g s  was 

reduced -5°F f o l l o w i n g  t h e  i n s t a l l a t i o n  of r a d i a n t  h e a t e r s . 6  It was 

e s t i m a t e d  t h a t  t h i s  r e d u c t i o n  i n  dry-bulb t empera tu re  would result  i n  a 

20% f u e l  s av ings .  B a i l e y  r e p o r t s  on two b u i l d i n g s  ( eng ine  test l a b  and 

gymnasium) a t  t h e  Rose-Hulman I n s t i t u t e  of Technology t h a t  were r e t r o -  

f i t t e d  w i t h  r a d i a n t   heater^.^ 
t o  be -15% i n  each b u i l d i n g .  Most of t h e s e  s a v i n g s  were a t t r i b u t e d  t o  

t h e  r e d u c t i o n  i n  v e r t i c a l  t empera tu re  g r a d i e n t s .  Buckley ob ta ined  annual  

gas  use i n  f o u r  l a r g e  manufactur ing b u i l d i n g s  ( i n  N e w  York, I l l i n o i s ,  and 

Pennsy lvan ia )  b e f o r e  and a f t e r  r e t r o f i t  w i t h  r a d i a n t  h e a t e r s .  l o  The 

a u t h o r  s ta tes  t h a t  i n  each c a s e ,  t h e  e n t i r e  b u i l d i n g  was maintained a t  

t h e  same comfort  l e v e l  b e f o r e  and a f t e r  r e t r o f i t .  I n  each c a s e ,  t h e  

annual  f u e l  use b e f o r e  and a f t e r  r e t r o f i t  was normalized t o  t h e  h e a t i n g -  

degree-days t o  compute the  f u e l  s av ings .  Thus computed, t h e  f u e l  s a v i n g s  

were measured t o  be 70.1, 41.5, 5 3 . 4 ,  and 54.1%. P a r t  of t h e s e  measured 

f u e l  s a v i n g s  may be a t t r i b u t e d  t o  the  f a c t  t h a t  r ep laced  h e a t i n g  systems 

were o l d  and i n e f f i c i e n t .  Other  claims of f u e l  s a v i n g s  of as much as 50% 

and even more abound i n  the l i t e r a t u r e .  Most of t h e s e  claims are i n  t h e  

form of t e s t i m o n i a l s  and are no t  w e l l  documented. 

The r e s u l t i n g  energy s a v i n g s  were measured 

The f u e l  s a v i n g s  t h a t  r e s u l t  from r e t r o f i t t i n g  a fo rced -a i r  h e a t i n g  

system with a r a d i a n t  h e a t i n g  system seem t o  be g r e a t e s t  when t h e  bu i ld -  

i n g  involved i s  l a r g e ,  has a h i g h  c e i l i n g ,  i s  poor ly  i n s u l a t e d ,  and has  

an o l d  and i n e f f i c i e n t  e x i s t i n g  h e a t i n g  system. 

I n  summary, f u e l  s a v i n g s  w i l l  r e s u l t  from s e l e c t i n g  r a d i a n t  h e a t  

over  f o r c e d - a i r  h e a t e r s ,  and t h e  f u e l  s a v i n g s  w i l l  range from 20 t o  50%. 

To p r e d i c t  t h e  f u e l  s a v i n g s  more p r e c i s e l y  would be v e r y  d i f f i c u l t .  

No s t u d i e s  documenting t h e  i n s t a l l a t i o n  c o s t  of t h e  r a d i a n t  h e a t e r s  

were found i n  the open l i t e r a t u r e .  
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5. APPLICATIOKL’S 

5.1 BEST-SUITED BUILDING CHARACTERISTICS 

Because of t h e i r  unique c h a r a c t e r i s t i c s ,  t h e r e  a r e  space h e a t i n g  

a p p l i c a t i o n s  i n  which r a d i a n t  h e a t e r s  a r e  t h e  most s u i t a b l e ;  t h e r e  are 

h e a t i n g  a p p l i c a t i o n s  where r a d i a n t  h e a t e r s  a r e  u n s u i t a b l e ;  and t h e r e  i s  a 

l a r g e ,  i nde te rminan t  area i n  between. I n  t h i s  s e c t i o n ,  b u i l d i n g  char-  

a c t e r i s t i c s  t h a t  are most s u i t a b l e  f o r  a r a d i a n t - h e a t e r  i n s t a l l a t i o n  w i l l  

he o u t l i n e d .  I n  t h e  context of t h i s  r e p o r t ,  “most s u i t a b l e ”  means t h a t  

r a d i a n t  h e a t e r s  w i l l  m a i n t a i n  t h e  same ( o r  b e t t e r )  l e v e l  of human comfort  

w i t h  less f u e l  consumption t h a n  conven t iona l  h e a t i n g  systems.  

5.1.1 Infiltration/Ventilation 

Radiant  h e a t e r s  d e p o s i t  t h e i r  h e a t i n g  energy  d i r e c t l y  on the person- 

n e l  and o b j e c t s  be ing  hea ted .  Thus, pe r sonne l  w i l l  expe r i ence  warmth 

even when s t a n d i n g  i n  a d r a f t  of co ld  air. The w a r m  a i r  d i s c h a r g e  from a 

f o r c e d - a i r  sys tem,  however, would be blown away, or i t  would tend  t o  r i s e  

t o  t h e  c e i l i n g  area because of i t s  lower d e n s i t y .  Bu i ld ings  w i t h  h igh  

i n f i l t r a t i o n  rates o r  w i th  an i n t e r n a l  p rocess  t h a t  r e q u i r e s  a h i g h  

v e n t i l a t i o n  rate - i n c l u d i n g  maintenance shops and warehouses where t h e  

doors  remain open for s i g n i f i c a n t  pe r iods  - are ve ry  w e l l  s u i t e d  f o r  

r a d i a n t  h e a t e r s .  A i r c r a f t  hangars  may be e s p e c i a l l y  w e l l  s u i t e d  f o r  

r a d i a n t  h e a t e r s  because of t h e i r  l a r g e  doors. Temperature recovery  of 

b u i l d i n g  a i r  a f t e r  t h e  doors  a r e  c l o s e d  i s  more r a p i d  wi th  r a d i a n t  

h e a t e r s  than  w i t h  f o r c e d - a i r  h e a t e r s  because r a d i a n t  h e a t e r s  ma in ta in  a 

warmer f l o o r  t han  f o r c e d - a i r  h e a t e r s  (see Sect. 4 . 3 )  and t h e  l a r g e ,  warm 

f l o o r  r e h e a t s  t h e  air. 

The p o i n t  of t h i s  s e c t i o n ,  t h a t  r a d i a n t  h e a t e r s  work very  w e l l  i n  a 

c o l d  d r a f t ,  can be emphasized by n o t i n g  t h a t  r a d i a n t  h e a t e r s  are o f t e n  

used  i n  outdoor  and semienclosed  areas. They are o f t e n  found over load-  

ing docks ,  ou tdoor  work s t a t i o n s ,  ou tdoor  restaurants, and s p o r t i n g  

a renas .  E l e c t r i c - r e s i s t a n c e  r a d i a n t  heaters are u s u a l l y  most a p p r o p r i a t e  

f o r  an  ou tdoor  or semienclosed  work s t a t i o n  t h a t  is manned by a s i n g l e ,  

o r  a few, personnel .  



5.1.2 Bui ld ing  S i z e  and Roof Height 

I t  was noted i n  Sec t .  4.3 t h a t  t empera tu re  s t r a t i f i c a t i o n  e x i s i s  i n  

most c o n v e n t i o n a l l y  hea ted  b u i l d i n g s  and i t  i s  o f t e n  warmer nea r  t he  roof  

t h a n  t h e  f loor .  The l a r g e r  t h e  b u i l d i n g ,  both i n  f l o o r  a r e a  and i n  roof 

e l e v a t i o n ,  t h e  g r e a t e r  t h e  p o t e n t i a l  f o r  t h i s  energy-wasting phenomenon. 

I n  b u i l d i n g s  hea ted  w i t h  r a d i a n t  h e a t e r s ,  t h i s  t empera tu re  s t r a t i f i c a t i o n  

does no t  e x i s t .  Thus, t h e  l a r g e r  t h e  b u i l d i n g ,  and e s p e c i a l l y  t h e  h i g h e r  

t h e  roo f ,  t he  more s u i t e d  i s  t h e  b u i l d i n g  f o r  r a d i a n t  h e a t e r s .  Again, 

high-bay maintenance shops ,  a i r c r a f t  hanga r s ,  and warehouses are w e l l  

s u i t e d  €or  t h e s e  h e a t e r s .  

I n d i r e c t  tube-type h e a t e r s  (F ig .  4.1-Type 1)  a r e  mounted a minimum 

of -10 f t  o f f  t he  f l o o r  and u s u a l l y  h ighe r .  Because of t h e i r  greater  

o p e r a t i n g  temperature and r a d i a t i o n  i n t e n s i t y ,  d i r e c t  h e a t e r s  (Fig.  4.1- 

Type 2 )  a r e  mounted h i g h e r  t han  t h e  i n d i r e c t  type.  

5.1.3 Nature of Bu i ld ing  

From t h e  p rev ious  d i s c u s s i o n s ,  r a d i a n t  h e a t e r s  of t h e  type d e s c r i b e d  

he re  a r e  obv ious ly  b e s t  s u i t e d  f o r  b u i l d i n g s  of an i n d u s t r i a l  or heavy 

commercial n a t u r e .  S t a t e d  a n o t h e r  way, t h e s e  r a d i a n t  h e a t e r s  are no t  

well  s u i t e d  f o r  o f f i c e s ,  c l a s s rooms ,  l a b o r a t o r i e s ,  etc. ,  where spaces  are  

smal l ,  have low c e i l i n g s ,  and have much lower i n f i l t r a t i o n  rates than 

i n d u s t r i a l  b u i l d i n g s .  I n  a d d i t i o n ,  t h e  gas- and o i l - f i r e d  h e a t e r s  

d e s c r i b e d  he re  are no t  c o n s i d e r e d  t o  be a e s t h e t i c a l l y  p l e a s i n g .  

A new class  of e l e c t r i c a l - r e s i s t a n c e  hea ted  r a d i a n t  c e i l i n g  pane l  

t h a t  i s  a p p r o p r i a t e  f o r  o f f  ice  and o t h e r  l i g h t  conmercial  b u s i n e s s e s  has  

r e c e n t l y  become a v a i l a b l e .  The p a n e l s ,  which are a t t a c h e d  t o  t h e  c e i l i n g  

and come i n  a v a r i e t y  of s i z e s ,  c o l o r s ,  and t e x t u r e s ,  are designed t o  

o p e r a t e  w i t h  a s u r f a c e  t empera tu re  of 165 t o  200°F. 

5.1.4 Other C o n s i d e r a t i o n s  

Other  c o n s i d e r a t i o n s  may e i t h e r  enhance t h e  s u i t a b i l i t y  of r a d i a n t  

h e a t e r s  or r ende r  them u n s u i t a b l e .  

1. Radiant  h e a t e r s  keep materials on t h e  f l o o r  s l i g h t l y  warmer than a i r  

t empera tu re .  Thus, r a d i a n t  h e a t e r s  may a l l e v i a t e  problems w i t h  

moi s tu re  condensa t ion  on t h e s e  materials. 
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2. Radiant  h e a t i n g  s y s t e m  a r e  o f t e n  more a p p r o p r i a t e  than  o t h e r  h e a t i n g  

systems f o r  zone c o n t r o l ,  t hus  o f f e r i n g  t h e  p o t e n t i a l  f o r  g r e a t s r  

f u e l  s av ings .  

3. Radiant  h e a t e r s  w i t h  exposed f lames  or  h igh  s u r f a c e  t empera tu res  

should  not  be used when h i g h l y  v o l a t i l e  and inflammable m a t e r i a l s  arc 

p r e s e n t .  

4.  S t r u c t u r a l  and o p e r a t i o n a l  m a t e r i a l s  and equipment i n  t h e  region of 

t h e  r a d i a n t  h e a t e r  can sometimes impose problems. S t r u c t u r a l  mate- 

r i a l s  must be main ta ined  an adequate  d i s t a n c e  from t h e  h e a t e r s '  s h i n e  

and a l s o  from i t s  ho t  plume, Inflammable m a t e r i a l s  (e .g . ,  wooden 

r o o f s )  can char  from t h e  hoc plume. T r a v e l i n g  c r a n e s  a l so  may some- 

times impose l i m i t a t i o n s .  Note i n  Fig. 4.2 t h a t  a guard a t t a c h e d  t o  

t h e  overhead c rane  p r o t e c t s  t h e  swi t chgea r  from d i r e c t  sh ine .  

5. The plume from an unvented ,  g a s - f i r e d  h e a t e r  c o n t a i n s  water vapor .  

The p o s s i b i l i t y  of moi s tu re  condensa t ion  on t h e  roof can p r e s e n t  a 

problem and must be cons ide red .  Th i s  i s  d i s c u s s e d  i n  more d e t a i l  i n  

Sect.  5.3. 

5.1.5 Summary of Bu i ld ing  Type 

Most s u i t a b l e  f o r  r a d i a n t  heaters are l a r g e  i n d u s t r i a l  or heavy 

commercial b u i l d i n g s  t h a t  have h igh  r o o f s ,  are p o o r l y  i n s u l a t e d ,  and have 

h i g h  i n f i l t r a t i o n  o r  v e n t i l a t i o n  r a t e s .  Two classes of b u i l d i n g s  - both  

common i n  t h e  Army and both  wide ly  hea ted  wi th  r a d i a n t  h e a t e r s  in t h e  

n o n m i l i t a r y  s e c t o r  - s t a n d  o u t  a s  having a l l  of t h e s e  c h a r a c t e r i s t i c s :  

high-bay maintenance shops and a i r c r a f t  hangars .  Warehouses a l s o  have 

t h e s e  c h a r a c t e r i s t i c s ;  however, care must be t aken  no t  t o  ove rhea t  mate- 

r i a l s  t h a t  may be s t a c k e d  high.  Radiant  h e a t e r s  are best p o s i t i o n e d  over  

t h e  a is les  i n  warehouses.  After conduct ing  an e x t e n s i v e  s tudy  on ene rgy  

c o n s e r v a r i o n  i n  a i r c r a f t  hangars, t h e  Navy recommends t h a t  r a d i a n t  

h e a t e r 6  be used f o r  h e a t i n g  l a r g e ,  open-bay b u i l d i n g s ,  such  as a i r c r a f t  

hanga r s  and warehouses (bo th  i n  new c o n s t r u c t i o n  and r e t r o f i t ) .  l2 The 

National Fire P r o t e c t i o n  Association allows the use  of r a d i a n t  heaters i n  

a i r c r a f t  hangars  i f  t h e  h e a t e r s  are l i s t e d  f o r  use i n  hangars  by an 

a p p r o p r i a t e  a u t h o r i t y  and i f  c e r t a i n  o t h e r  requi rements  are met. 
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5.1.6 Cost-Effectiveness 

The Army has in use many old buildings with old, inefficient (pos- 

sibly obsolete) heating systems that should be replaced. This section 

will address this situation and concentrate on the cost-effectiveness of 

the retrofit installation of radiant heaters into existing buildings. 

The analysis is conducted using an existing building €or which the ther- 

mal and physical characteristics are known. The building, industrial and 

located in Pittsburgh, Pennsylvania, has the following characteristics: 

floor area - 60,000 ft2 
walls - brick 
roof - wooden deck -28 f t  above the floor 

insulation - essentially none 
heating system - gas-fired boilers supplying steam to wall-hung 

and floor -mounted heat e rs 

design heat l o s s  - 4,000,000 Btu/h (calculated) 

preretrofit heating fuel use in 1983 - 6.4 x lo9 Btu of gas 
(6280 heating-degree-days) 

This building has been retrofitted with radiant heaters, and the measured 

fuel savings were 54x.10 

The calculation is performed for two regions in the United States: 

a northern region (8000 heating-degree-days; -15'F design temperature) 

and a central region (5000 heating-degree-days; 5°F design temperature). 

The results of the calculation (shown in Table 5.1)  were obtained in the 

following manner. 

1. The design heat l o s s  for each region was obtained by correcting the 

estimated value for Pittsburgh with the ratio (inside temperature - 
outside design temperature)gegion /(inside temperature - outside 
design temperature)Pittsburgho 

be 65'F. 

The inside temperature is assumed t o  

2. The annual fuel use for each region was obtained by correcting the 

measured value for Pittsburgh with a ratio of heating-degree-days. 

3. The radiant heaters selected for installation are gas fired, 

unvented, and rated for 120,000 Btu/h (input). These were selected 



Table 5.1. C o s t - e f f e c t i v e n e s s  of r a d i a n t - h e a t e r  r e t r o f i t  

~ _ _ ~  ~~ 

Regional l o c a t i o n  

C e n t r a l  Northern 
Parameter 

Heat ing-degree-da y s ( 65 " F ) 5,000 8,000 
Outside d e s i g n  t empera tu re ,  "F 5 -1 5 
Design h e a t  loss from b u i l d i n g ,  Btu/h 
Annual f u e l  use ( g a s ) ,  Btu/year  
Radiant-heater  s i z e  s e l e c t e d ,  120,000 120,000 

Number of h e a t e r s  r e q u i r e d  34 44  

4.0 x I O 6  
5.1 x 109 

5.3 x 106 
8.2 x 109 

Btu/h ( i n p u t )  
I n s t a l l e d  c o s t  of s i n g l e  h e a t e r ,  $ 1,365 1,365 

Total i n s t a l l a t i o n  c o s t ,  $ 46,400 60 , 100 
Assumed c o s t  of g a s ,  $/MBtu 4.0 4.0 
Annual f u e l  c o s t  be fo re  r e t r o f i t ,  $ 20,400 32,800 
Annual f u e l  cost savings, $ 4,100a 8,280' 12,200' 6,bOO" 13,L0Ob 19,700' 
Simple payback p e r i o d ,  y e a r s  11.3a 5.7 3.BC 9. la 4 . 6  3.1' 
SIR 1.13& 2.26 3.37c 1.41' 2.79 4.20' d 

- ~- ~~ 

"Computed a t  a f u e l  s a v i n g s  of 2OX. 

'Computed a t  a f u e l  s a v i n g s  of 40%. 

'Computed a t  a f u e l  sav ings  of 60%. 

 SIR = savings-  t o-inve s t m e  n t ra t  i 0. 
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4 .  

5. 

6. 

7 .  
8. 

9. 

10. 

11. 

because they  a r e  the l a r g e s t  l i s t e d  i n  R. S. Means' Building Con- 

s t ruc t ion  Co6t D a t a  - 1983.14 

The i n s t a l l e d  c o s t  of a s i n g l e  h e a t e r ,  ob ta ined  froril R. S. Means' 

B u i l d i n g  C o n s t r u c t h ~  c06t D a h  - 1983,14 i n c l u d e s  overhead and 

p r o f i t  but not  p i p i n g ,  w i r i n g ,  and d e s i g n  c o s t .  T h e r e f o r e ,  t h e  c o s t  

from Means was m u l t i p l i e d  by 1.5 t o  i n c l u d e  t h e s e  a d d i t i o n a l  c o s t s .  

The number of h e a t e r s  r e q u i r e d  was computed by 

(Design Heat Loss)(O.85) 
Number of Hea te r s  = 

(Heater  Ra t ing  ) ( 0.85 ) 

The 0.85 i n  t h e  numerator i s  used because manufac tu re r s  t y p i c a l l y  

recommend t h a t  85% of the  d e s i g n  hea t  l o s s  be used when s i z i n g  a 

r a d i a n t - h e a t e r  i n s t a l l a t i o n .  Because gas - f i r ed  h e a t e r s  a r e  r a t e d  

acco rd ing  t o  t h e  gas  i n p u t ,  t h e  h e a t e r  r a t i n g  must be m u l t i p l i e d  by 

an e f f i c i e n c y .  The 0.85 i n  the  denominator r e p r e s e n t s  t he  r a d i a n t -  

h e a t e r  e f f i c i e n c y .  The r a d i a t i o n  g e n e r a t i n g  r a t i o  ( r a t i o  of r a d i a n t  

o u t p u t  t o  the rma l  h e a t  i n p u t )  is -50%; t h e r e f o r e ,  t h e  lower l i m i t  on 

e f f i c i e n c y  i s  50%. On the  o t h e r  hand, f o r  an unvented h e a t e r  a l l  of 

t h e  h e a t  s t a y s  i n s i d e  t h e  b u i l d i n g ;  t h e r e f o r e ,  t h e  upper l i m i t  on 

e f f i c i e n c y  i s  100%. The 0.85 (85%) r e p r e s e n t s  t h e  a u t h o r ' s  judgment 

as t o  an e f f e c t i v e  v a l u e  of e f f i c i e n c y  f o r  t h i s  e q u a t i o n .  

The t o t a l  i n s t a l l a t i o n  c o s t  i s  the  number of h e a t e r s  t i m e s  t h e  

i n s t a l l e d  c o s t  pe r  h e a t e r .  

The c o s t  of gas  i s  an assumed parameter.  

The annual  f u e l  c o s t  i s  t h e  annua l  f u e l  u s e  times t h e  c o s t .  

The annual  f u e l  c o s t  s a v i n g s  are t h e  i n d i c a t e d  pe rcen tage  of t h e  

annual  f u e l  c o s t .  

The s imple payback pe r iod  i s  t h e  t o t a l  i n s t a l l a t i o n  c o s t  d iv ided  by 

t h e  annual  f u e l  s a v i n g s ,  

The savings- to- investment  r a t i o  (SIR) was computed as s p e c i f i e d  i n  

Energy Conse rva t ion  Investment  Program (ECIP) guidance.  The eco- 

nomic l i f e  w a s  taken t o  be 15 y e a r s ,  and t h e  d i s c o u n t  f a c t o r  was t h e  

U.S. ave rage  of 12.8. 

R e s u l t s  of t h e s e  c a l c u l a t i o n s ,  i n c l u d i n g  two a d d i t i o n a l  f u e l  c o s t s  

($2.O/MBtu and $6.O/MBtu) are shown i n  Fig.  5 . l ( a )  and ( b ) .  For f u e l  
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Fig. 5.1.  (a) Simple  payback period for radiant-heater retrofit, 
( b )  SIR for radiant-heater re tro f i t .  
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c o s t s  of $4/MBtu and g r e a t e r  and f o r  r e d u c t i o n s  of f u e l  use of 40X or  

more, s imple payback p e r i o d s  from 2 t o  5 y e a r s  may be achieved.  

5.2 RADIANT-HEATER SELECTION 

I n  t h i s  s e c t i o n ,  t h e  a p p l i c a t i o n  areas i n  which each of the  v a r i o u s  

k inds  of r a d i a n t  h e a t e r s  a r e  u s u a l l y  cons ide red  most a p p r o p r i a t e  f o r  con- 

s i d e r a t i o n  w i l l  be d e s c r i b e d .  The d i s c u s s i o n  i s  ve ry  g e n e r a l ,  and t h e r e  

w i l l  undoubtedly be e x c e p t i o n s  and ove r l app ing  of t h e  a p p l i c a t i o n s  a r e a s .  

N e v e r t h e l e s s ,  t h e  r e a d e r  will develop a f e e l i n g  about where t h e  v a r i o u s  

k inds  of r a d i a n t  h e a t e r s  are b e s t  a p p l i e d .  

The nat ionwide average c o s t  of energy by s e c t o r  i n  1983 i s  shown i n  

Table  5.2. Energy c o s t s  i n  t h e  commercial and i n d u s t r i a l  s e c t o r s  a re  

p robab ly  r e p r e s e n t a t i v e  of t h e  energy c o s t s  t o  the  m i l i t a r y .  I n  t h e s e  

s e c t o r s ,  t h e  c o s t  of e l e c t r i c i t y  i s  about  f o u r  times t h e  c o s t  of g a s  and 

two and one-half t o  t h r e e  times t h e  c o s t  of o i l .  For t h e  g e n e r a l  l a r g e  

space  h e a t i n g  a p p l i c a t i o n ,  e l e c t r i c - r e s i s t a n c e  r a d i a n t  h e a t e r s  probably 

cannot  compete economical ly  w i t h  g a s - f i r e d  r a d i a n t  h e a t e r s  on a l i f e -  

c y c l e  c o s t i n g  b a s i s .  Thus, e l e c t r i c - r e s i s t a n c e  r a d i a n t  h e a t e r s  are most 

Tab le  5.2. Average U.S. c o s t  of energy 
by s e c t o r  i n  1983 

S e c t o r  

Average c o s t  of energy 
[S/MBtu (c/kWh)l 

Gas O i  1 E l e c t r i c i t y  

R e s i d e n t i a l  5.1 8.8 19.9 ( 6 . 8 )  

Come rc  i a l  4.7 6.8 20.2 (6.9) 

I n d u s t r i a l  3.6  6.1 14.4 ( 4 . 9 )  

Source: Adapted w i t h  pe rmis s ion  from 
k e r g y  Ot)e?WhJ, DOE/EIA-0354(83), 

DOE Energy In fo rma t ion  A d m i n i s t r a t i o n ,  
Aqg u s t 1 9 8 5. 
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a p p r o p r i a t e  f o r  s p e c i a l  s i t u a t i o n s ,  such a s  the  fo l lowing .  

1. C e r t a i n  r e g i o n s  of t h e  n a t i o n  where t h e  c o s t  of e l e c t r i c i t y  i s  

abnormal ly  low. I n  Washington s t a t e ,  f o r  example, t h e  average  cos= 

of e l e c t r i c i t y  i n  1983 was $8.5/MBtu (2.9+/kWh) and $5.6/MBtu 

(1.9+/kWh) for t h e  commercial and i n d u s t r i a l  s e c t o r s  , r e s p e c t i v e l y ,  

and w a s  a lmost  t h e  same as t h e  c o s t  of gas  and o i l  i n  terms of 

d o l l a r s  per m i l l i o n s  of B r i t i s h  thermal  units. 

2. M i l i t a r y  r e s e r v a t i o n s  t h a t  do not  have gas.  

3 .  Bui ld ings  t h a t  are i s o l a t e d  from t h e  gas  mains. I n  most c a s e s ,  t h e s e  

b u i l d i n g s  would a l r e a d y  be s u p p l i e d  w i t h  e l ec t r i c  power. 

4 .  Spot h e a t i n g .  E l e c t r i c - r e s i s t a n c e  r a d i a n t  h e a t e r s  are p a r t i c u l a r l y  

a t t r a c t i v e  f o r  t h i s  a p p l i c a t i o n ,  and many models are a v a i l a b l e  from 

t h e  manufac turers .  I n  t h i s  a p p l i c a t i o n ,  they  are used o u t d o o r s ,  and 

i n  semienclosed  a r e a s  and underhea ted  b u i l d i n g s .  They can be hung 

from t h e  c e i l i n g  ds a permanent f i x t u r e  or a r e  a v a i l a b l e  as p o r t a b l e  

h e a t e r s  mounted on wheels.  They can be ob ta ined  t o  plug i n t o  a 

c o n v e n t i o n a l  120-V o u t l e t .  

C a t a l y t i c  combustion h e a t e r s  (Gas F i r e d  - Type 4 )  have a lower oper- 

a t i n g  t empera tu re  and ,  t hus  , a low r a d i a n t - h e a t  i n t e n s i t y .  Cons ide rab ly  

more s q u a r e  f e e t  of h e a t e r  s u r f a c e  would be r e q u i r e d  t o  meet a g iven  h e a t  

ra te  than  would be r e q u i r e d  wi th  e i t h e r  d i r e c t -  o r  i n d i r e c t - f i r e d  r a d i a n t  

h e a t e r s  (Gas F i r e d  - Types 2 and 1 ,  r e s p e c t i v e l y ) .  Thus,  t hey  are n o t  

normal ly  used f o r  g e n e r a l  space  h e a t i n g  u n l e s s  t h e  low o p e r a t i n g  tempera- 

t u r e  i s  r e q u i r e d  f o r  some o t h e r  r eason ,  u s u a l l y  r e l a t e d  t o  s a f e t y .  Fo r  

example,  t h e s e  h e a t e r s  f i n d  space  h e a t i n g  a p p l i c a t i o n  where a h i g h l y  

v o l a t i l e  ( o r  gaseous )  and inf lammable m a t e r i a l  is p r e s e n t .  Known a p p l i -  

c a t i o n s  are i n  p a i n t  rooms, propane f i l l  s t a t i o n s ,  naptha  f i l l  s t a t i o n s ,  

etc. C a t a l y t i c  r a d i a n t  h e a t e r s  are a v a i l a b l e  as permanent ly  mounted 

f i x t u r e s  or  as p o r t a b l e  heaters. 

The most r e a d i l y  a v a i l a b l e  and commonly used r a d i a n t  h a t e r s  are t h e  

g a s - f i r e d  d i r e c t  r a d i a n t  h e a t e r  (F igs .  4 . 4 .  and 4.5) and the g a s - f i r e d  

i n d i r e c t  r a d i a n t  heater (Figs. 4.2 and 4 . 3 ) .  The i n d i r e c t  r a d i a n t  h e a t e r  

is a l s o  a v a i l a b l e  i n  an  o i l - f i r e d  v e r s i o n .  Within the i n d u s t r y ,  d i r e c t  

r a d i a n t  heaters are o f t e n  ca l l ed  "h igh - in t ens i ty"  heaters because of 
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t h e i r  high o p e r a t i n g  t empera tu re  and corresponding high r a d i a n t - h e a t  

i n t e n s i t y .  Conversely,  i n d i r e c t  r a d i a n t  h e a t e r s  a r e  of t e n  c a l l e d  "low- 

i n t e n s i t y "  h e a t e r s  because of t h e i r  low o p e r a t i n g  t empera tu re  and low 

r a d i a n t - h e a t  i n t e n s i t y .  The d i r e c t  r a d i a n t  h e a t e r s  are probably i n  more 

coumon use than  t h e  i n d i r e c t  r a d i a n t  h e a t e r s ,  

The choice between d i r e c t  and i n d i r e c t  r a d i a n t  h e a t e r s  i s  o f t e n  

determined simply by economics - w h i c h  s y s t e m  c o s t s  less. However, be- 

tween the  two r a d i a n t - h e a t i n g  systems t h e r e  are o p e r a t i o n a l  d i f f e r e n c e s  

t h a t  may i n f l u e n c e  t h e  cho ice .  One of t h e  more s i g n i f i c a n t  c o n s i d e r a -  

t i o n s  concerns t h e  r e l e a s e  of combustion p roduc t s  i n t o  t h e  hea ted  space.  

I n d i r e c t  r a d i a n t  h e a t e r s  are  u s u a l l y  v e n t e d ,  and t h e  p roduc t s  of combus- 

t i o n  are exhausted t o  t h e  atmosphere w i t h  an e l ec t r i c  exhaus t  blower. 

D i r e c t  r a d i a n t  h e a t e r s ,  however, are no t  normally v e n t e d ,  and t h e i r  prod- 

u c t s  of combustion a r e  r e l e a s e d  t o  t h e  b u i l d i n g  a i r  space.  One of the  

p roduc t s  of combustion is water vapor ,  which w i l l  r ise t o  t h e  roof w i t h  

t h e  hot  plume from the  h e a t e r .  Problems can e a s i l y  develop w i t h  moi s tu re  

condensa t ion  on t h e  roof s t r u c t u r e  and on o t h e r  m a t e r i a l s  i n  the  roof 

r e g i o n .  These problems can be e s p e c i a l l y  s e v e r e  with an u n i n s u l a t e d  roof 

d u r i n g  c o l d  weather when t h e  h e a t e r s  are o p e r a t i n g  near  f u l l  c a p a c i t y .  

Of t en  t h e  problems can be e l i m i n a t e d  by adding i n s u l a t i o n  t o  the  roof o r  

by i n s t a l l i n g  an exhaus t  f a n  i n  t h e  roof .  Using i n s i d e  a i r  f o r  combus- 

t i o n  and d i s c h a r g i n g  t h e  p r o d u c t s  of combustion i n t o  t h e  b u i l d i n g  a i r  

space  may a l s o  l e a d  t o  conce rns  about  oxygen d e p l e t i o n .  

D i r e c t  r a d i a n t  h e a t e r s  o p e r a t e  a t  c o n s i d e r a b l y  h i g h e r  t empera tu res  

than  i n d i r e c t  r a d i a n t  h e a t e r s .  Thus, t h e  r a d i a n t  energy i n t e n s i t y  i s  

much g r e a t e r  from the  d i r e c t  r a d i a n t  h e a t e r ,  and less squa re  f e e t  of 

h e a t e r  are r e q u i r e d  t o  meet t h e  h e a t i n g  load .  To d i s s i p a t e  t h e  energy 

ove r  a l a r g e r  area,  t h e  d i r e c t  r a d i a n t  heaters are u s u a l l y  p o s i t i o n e d  

h i g h e r  above t h e  f l o o r  t h a n  are i n d i r e c t  r a d i a n t  h e a t e r s .  The hot plume 

of combustion g a s e s  tha t  rises from a d i r e c t  r a d i a n t  heater can char 

combus t ib l e  materials (wood and some i n s u l a t i o n )  and cause  o t h e r  damage 

t o  v a r i o u s  i t e m s  t h a t  are l o c a t e d  above it. The same problem can be 

expe r i enced  wi th  i n d i r e c t  r a d i a n t  h e a t e r s  bu t  t o  a lesser e x t e n t .  
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As a g e n e r a l  ru l e ,  d i r e c t  r a d i a n t  h e a t e r s  are u s u a l l y  cons idered  

most s u i t a b l e  f o r  use in a b u i l d i n g  t h a t  has  a high  roof and a high i n -  

f i l t r a t i o n  or v e n t i l a t i o n  r a t e  and f o r  ou tdoor  o r  semienclosed a r e a s .  

Converse ly ,  i n d i r e c t  r a d i a n t  h e a t e r s  a r e  u s u a l l y  cons idered  most s u i t a b l e  

f o r  a b u i l d i n g  w i t h  a r e l a t i v e l y  lower roof and i n f i l t r a t i o n  rate. 

5.3 INSTALLATION, OPERATIOR, MAINTENANCE, AND SAFETY 

Th i s  s e c t i o n  concerns  misce l l aneous  a s p e c t s  of r a d i a n t  h e a t e r s ,  

g e n e r a l l y  a s s o c i a t e d  w i t h  some aspect of i n s t a l l a t i o n ,  o p e r a t i o n ,  main- 

t e n a n c e ,  and s a f e t y .  Most of t h e  fo l lowing  i n f o r m a t i o n  w a s  e x t r a c t e d  

from R e f s .  I ,  11, 1 2 ,  and 15. 

5.3.1 P h y s i o l o g i c a l  E f f e c t s  

P h y s i o l o g i c a l  concerns  r e s u l t  from t h e  exposure of t h e  s k i n  and eyes  

t o  i n f r a r e d  r a d i a t i o n .  

The eye has two p r o t e c t i v e  r e sponses  t o  i n f r a r e d  r a d i a t i o n :  t h e  

i r i s  c o n t r a c t s ,  and t h e  s e n s a t i o n  of p a i n  causes  the eyes  t o  c lose .  I f  

t h e  i n f r a r e d  i n t e n s i t y  i s  g r e a t  enough and i f  n e i t h e r  p r o t e c t i v e  r e sponse  

occurs ,  the damage t o  t h e  eye  i n  t h e  form of r e t i n a l  burns o r  c a t a r a c t s  

can r e s u l t .  

S t u d i e s  have shown t h a t  i n f r a r e d  r a d i a t i o n  wi th  wavelengths  i n  the  

range of 1.0 t o  2.0 pn may cause c a t a r a c t s ,  but t h e  exposure  must be 

prolonged and i n t i m a t e  f o r  damage t o  occur. Eye damage does not occur  

f o r  wavelengths  ove r  2.0 urn. T y p i c a l l y ,  -15% of t h e  energy  from an  

i n f r a r e d  h e a t e r  has a wavelength between 1.0 and 2.0 urna 
Human s k i n  a b s o r b s  v i r t u a l l y  a l l  i n f r a r e d  r a d i a t i o n  l o n g e r  than  

-2.0 urn. Between 0.4 and 1.5 urn (which i n c l u d e s  part of t h e  v i s i b l e  

l i g h t  range)  d a r k  s k i n  w i l l  abso rb  most of the r a d i a t i o n ,  bu t  wh i t e  skin  

t e n d s  t o  r e f l e c t  it. The absorbed r a d i a t i o n  p e n e t r a t e s  t h e  skin s u f f i -  

c i e n t l y  to i n t e r a c t  d i r e c t l y  wi th  nerve  endings ,  t h u s  producing t h e  

p e r c e p t i o n  of warmth. Exposure t o  an i n t e n s e  i n f r a r e d  beam can cause  

bu rn ing  o r  b l i s t e r i n g  of t h e  s k i n .  

The r a d i a t i o n  i n t e n s i t y  from t y p i c a l  r a d i a n t - h e a t e r  i n s t a l l a t i o n s  is 

c o n s i d e r a b l y  below t h a t  r e q u i r e d  f o r  any of the above p h y s i o l o g i c a l  
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e f f e c t s  t o  be a problem. Thus,  no adve r se  h e a l t h  e f f e c t s  were i d e n t i f i e d  

t h a t  would r e s u l t  from the  low i n f r a r e d  i n t e n s i t y  expe r i enced  under nor- 

mal working c o n d i t i o n s .  

5.3.2 Venting 

I n d i r e c t  r a d i a n t  h e a t e r s  (F ig .  4 .1 ,  Type 1) are normally exhausted 

t o  t h e  o u t s i d e  w i t h  an e d u c t o r  fan.  Direct r a d i a n t  h e a t e r s  (Fig.  4 .1 ,  

Type 2 )  normally r e l e a s e  t h e i r  p roduc t s  of combustion t o  the b u i l d i n g  a i r  

space.  The combustion p r o d u c t s  are ve ry  ho t  and r ise t o  t h e  roof a r e a  a s  

a plume. Condensation of wa te r  vapor can occur  on t h e  c o l d e r  roof s t r u c -  

t u r e s  and d r i p  down t o  t h e  f l o o r .  The s i t u a t i o n  can be exagge ra t ed  i f  

t h e  f u e l  c o n t a i n s  s u l f u r  because the  condensate  may then  c o n t a i n  s u l f u r -  

ous o r  s u l f u r i c  a c i d .  I f  the b u i l d i n g  i s  l a r g e  enough o r  i f  t h e  i n f i l -  

t r a t i o n  i s  g r e a t  enough, t h e  water  vapor may d i s s i p a t e ,  and condensa t ion  

may not  be a problem. I f  a problem is  a n t i c i p a t e d ,  t he  u s u a l  s o l u t i o n  i s  

t o  ven t  t h e  roof wi th  exhaus t  f a n s ,  which may be c o n t r o l l e d  by e i t h e r  of 

two ways. 

1. The f a n s  may be connected s o  t h a t  they t u r n  on when t h e  heaters t u r n  

on and o f f  when t h e  h e a t e r s  t u r n  o f f .  

2. The f a n s  may be c o n t r o l l e d  w i t h  a humidi ty  senso r  t ha t  t u r n s  t h e  f a n s  

on when t h e  humidi ty  i n  t h e  roof a r e a  r eaches  a predetermined l eve l .  

The Na t iona l  Fire P r o t e c t i o n  A s s o c i a t i o n  r e q u i r e s  t h a t  where 

unvented i n f r a r e d  h e a t e r s  are used ,  n a t u r a l  o r  mechanical means s h a l l  be 

provided t o  supp ly  and exhaus t  a t  l ea s t  f o u r  CFM pe r  1000 Btu/h i n p u t  of 

i n s t a l l e d  h e a t e r s .  Advice shou ld  be sought  from t h e  heater manufac tu re r  

o r  an expe r i enced  a r c h i t e c t  e n g i n e e r  on t h e  need f o r  a d d i t i o n a l  v e n t i -  

l a t i o n .  The v e n t i l a t i o n  system a l s o  r e l i e v e s  any concern about  oxygen 

d e p l e t i o n  i n  t h e  b u i l d i n g  a i r  space. 

5.3.3 Layout 

The most common l a y o u t  p a t t e r n  €or d i r e c t  r a d i a n t  heaters is t o  

l o c a t e  them around t h e  p e r i m e t e r  of t h e  area t o  be hea ted  ( s e e  Figs .  4 . 4  

and 4.5). The heaters a r e  p o s i t i o n e d  so  tha t  t h e i r  f i e l d  of coverage 

starts a t  t h e  f l o o r  edge d i r e c t l y  beneath them and ex tends  toward the 
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o t h e r  s i d e  of t he  bu i ld ing .  To minimize hea t  l o s s ,  t h e  b u i l d i n g  wal ls  

should  not  be inc luded  i n  t h e  h e a t e r s '  coverage.  I f  the  b u i l d i n g  is s u f -  

f i c i e n t l y  l a r g e ,  t hen  an a d d i t i o n a l  row of h e a t e r s  may be r e q u i r e d  down 

t h e  middle.  

I n d i r e c t  r a d i a n t  h e a t e r s  are usually l o c a t e d  i n  a uni formly  d i s -  

pe r sed  arrangement  over  t h e  e n t i r e  a r e a  t o  be hea ted  ( s e e  F igs ,  4.2 and 

4 . 3 ) .  They are p o s i t i o n e d  s o  t h a t  t h e i r  f i e l d  of coverage i s  d i r e c t l y  

benea th  them. Note i n  Fig.  4.2 t h a t  a t t a c h e d  t o  t h e  overhead c r a n e  i s  a 

guard  t h a t  p r o t e c t s  t h e  motor and s w i t c h  gea r  from d i r e c t  r a d i a t i o n  from 

t h e  h e a t e r s  . 
5 . 3 . 4  Clea rance  

Proper  c l e a r a n c e  must be main ta ined  between t h e  r a d i a n t  h e a t e r  and 

m a t e r i a l s  t h a t  may be a d v e r s e l y  a f f e c t e d  by t h e  hea t .  Cons ide rab le  c a r e  

must be taken  t o  ensu re  t h a t  p roper  o p e r a t i o n  of f i r e  d e t e c t i o n  and 

s p r i n k l e r  sys tems w i l l  n o t  be a f f e c t e d  by t h e  r ad ian t -hea t  energy o r  by 

t h e  hot  plume r i s i n g  above t h e  h e a t e r .  Adequate c l e a r a n c e  must be main- 

t a i n e d  between t h e  h e a t e r  and noncombust ible  m a t e r i a l s  (e.g., s t r u c t u r a l  

members, p i p e s ,  and wires) and combust ib le  materials Ce.g., wood, i n s u l a -  

t i o n ,  and p l a s t i c s ) .  The r a d i a n t - h e a t e r  manufac turer  is t h e  b e s t  s o u r c e  

of i n f o r m a t i o n  on t h e  c l e a r a n c e s  r e q u i r e d  t o  prevent  damage t o  b u i l d i n g  

s t r u c t u r e  and o p e r a t i o n a l  m a t e r i a l s .  The N a t i o n a l  F i r e  P r o t e c t i o n  

A s s o c i a t i o n  sometimes s p e c i f i e s  c l e a r a n c e s  f o r  b u i l d i n g s  t h a t  s e r v e  a 

s p e c i f i c  f u n c t i o n  ( e . g . ,  a i r c r a f t  hangars1%).  

5.3.5 Maintenance 

A preseason  i n s p e c t i o n  and maintenance p l an  c o n s i s t i n g  of v i s u a l l y  

and o p e r a t i o n a l l y  checking  the h e a t e r  to make s u r e  t h a t  a l l  components 

a r e  f u n c t i o n a l  is recommended. The gas jets (in gas - f i r ed  u n i t s ) ,  

combustion a i r  i n l e t ,  and exhaus t  shou ld  be i n s p e c t e d  and c l eaned  as 

necessary .  Dust,  s p i d e r  webs, and b i r d  nests t h a t  may have accumulated 

over the summer months should  be removed. Radiant  s u r f a c e s  and r e f l e c t o r  

s u r f a c e s  should  be wiped c l e a n  wi th  a d r y  c l o t h  or c l e a n i n g  s o l u t i o n ,  as 

ne  ces s a r  y . 



6 .  CONCLUSIOKS AND RECOMMEKDAIIONS 

The p r i n c i p a l  conc lus ion  of t h i s  assessment  i s  t h a t  i n f r a r e d  r a d i a n t  

h e a t e r s  r e q u i r e  less f u e l  t han  f o r c e d - a i r  h e a t e r s  t o  ma in ta in  the  sane  

l e v e l  of human comfort .  Th i s  comparison i s  made wi th  f o r c e d - a i r  h e a t e r s  

because  they  are t h e  most common h e a t e r  type  used i n  b u i l d i n g s  t h a t  a r e  

most a p p r o p r i a t e  f o r  r a d i a n t  h e a t e r s .  The amount of f u e l  s a v i n g s  i s  

d i f f i c u l t  t o  e s t i m a t e ,  bu t  manufac tu re r s  claim 20 t o  50%. P r o f e s s i o n a l l y  

ob ta ined  f i e l d  d a t a  and, a l s o ,  u n p r o f e s s i o n a l  t e s t i m o n i a l s  r e p o r t e d  i n  

t h e  l i t e r a t u r e  conf i rm t h i s  range. The g r e a t e s t  f u e l  s a v i n g s  are a s s o c i -  

a t e d  with l a r g e  b u i l d i n g s  wi th  h igh  r o o f s ,  poor i n s u l a t i o n ,  and h igh  

i n f i l t r a t i o n  r a t e s .  The s i m p l e  payback per iod  f o r  r e t r o f i t  i n s t a l l a t i o n  

of r a d i a n t  h e a t e r s  may be from 2 t o  5 y e a r s ,  when f u e l  c o s t s  a r e  $4/MBtu 

or more, and f u e l  s av ings  a r e  402 or  more. 

A secondary conc lus ion  of t h i s  assessment  is t h a t  i n f r a r e d  r a d i a n t  

h e a t e r s  w i l l  a c t u a l l y  ach ieve  a g r e a t e r  l e v e l  of human comfort  than  

f o r c e d - a i r  h e a t e r s  i n  c e r t a i n  s i t u a t i o n s .  Cons ider ,  f o r  example,  an 

a i r c r a f t  hangar.  When t h e  l a r g e  a i r c r a f t  door s  are opened, t h e  warm a i r  

in t h e  hangar i s  l o s t  a lmost  immediately.  Personnel  i n  t h e  hanger  w i l l  

c o n t i n u e  t o  expe r i ence  warmth from r a d i a n t  h e a t e r s  bu t  probably  not  from 

f o r c e d - a i r  h e a t e r s .  I n  a d d i t i o n ,  when t h e  hangar doors  are c l o s e d ,  t e m -  

p e r a t u r e  recovery  of t h e  a i r  space  w i l l  be more r a p i d  than  wi th  forced-  

a i r  h e a t e r s .  

Many Army p o s t s  a l r e a d y  have r a d i a n t - h e a t e r  i n s t a l l a t i o n s ,  but  most 

are r e t r o f i t  i n s t a l l a t i o n s  i n t o  e x i s t i n g  b u i l d i n g s .  It i s  recommended 

t h a t  r a d i a n t  h e a t e r s  be cons ide red  f o r  new commercial o r  i n d u s t r i a l  

b u i l d i n g s ,  i n c l u d i n g  a i r c r a f t  hangars .  The c o s t  of t he  r a d i a n t - h e a t i n g  

sys tem and t h e  conven t iona l  h e a t i n g  system (e.g. ,  f o r c e d - a i r  u n i t  

h e a t e r s )  should be compared on a l i f e - c y c l e  b a s i s .  For t h i s  comparison 

i n v o l v i n g  two new h e a t i n g  sys tems,  it is  sugges ted  t h a t  annual  f u e l  

r equ i r emen t s  of t h e  r a d i a n t  h e a t e r s  be assumed t o  be 20 t o  50% less than  

t h e  annual  f u e l  requi rements  of t h e  conven t iona l  heaters. 

Radiant  h e a t e r s  could  have t h e i r  g r e a t e s t  impact  on m i l i t a r y  f u e l  

use as a r e t r o f i t  i n s t a l l a t i o n  i n  e x i s t i n g  b u i l d i n g s .  The u n c e r t a i n t y  
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f o r  t h i s  a p p l i c a t i o n  i s  t h a t  t h e  c o s t - e f f e c t i v e n e s s  i s  unknowr.. To 

e s t i m a t e  a c r e d i b l e  SIR, a r easonab ly  a c c u r a t e  va lue  from t h e  f u e l  

s a v i n g s  i s  necessa ry .  A program in t ended  t o  r e s o l v e  t h i s  u n c e r t a i n t y  is  

recommended. I f  r e s o l u t i o n  i s  f a v o r a b l e ,  as expec ted ,  widespread r e t r o -  

f i t  of r a d i a n t  h e a t e r s  could proceed r a p i d l y  wi th  0 high  l e v e l  of conf i -  

dence i n  t h e  p r o j e c t e d  f u e l  s a v i n g s ,  c o s t - e f f e c t i v e n e s s ,  and human com- 

f o r t .  The program is  based on t h e  fo l lowing  assumptions.  

1. A b u i l d i n g  type  i n  which t h e  expec ted  f u e l  s av ings  w i l l  be 40% o r  

more can be i d e n t i f i e d .  There a r e  probably  many m i l i t a r y  b u i l d i n g s  

that:  a r e  o l d  and have i n e f f i c i e n t  h e a t i n g  systems where t h i s  assump- 

t i o n  can be presumed t o  be t r u e .  

2. The f u e l  s a v i n g s  t h a t  r e s u l t  from r a d i a n t - h e a t e r  i n s t a l l a t i o n  can be 

e x t r a p o l a t e d  w i t h  r easonab le  c e r t a i n t y  between b u i l d i n g s  of t h e  same 

t y p e  

The proposed program i n v o l v i n g  f o u r  s teps  is c a r r i e d  ou t  over  two 

h e a t i n g  s e a s o n s  i n  t h e  fo l lowing  manner. 

1. S e l e c t  one o r  more c o n v e n t i o n a l l y  hea ted  b u i l d i n g s  f o r  r e t r o f i t  w i t h  

r a d i a n t  h e a t e r s .  The b u i l d i n g s  s e l e c t e d  should  be r e p r e s e n t a t i v e  of 

a class of b u i l d i n g s  t h a t  are expec ted  t o  y i e l d  t h e  g r e a t e s t  f u e l  

s a v i n g s  from t h i s  r e t r o f i t .  High-bay maintenance b u i l d i n g s  and 

a i r c r a f t  hangars  would be an i d e a l  cho ice  of b u i l d i n g  class (see 

Sec t .  5.1). 

2. Measure t h e  h e a t i n g  fue l  r equ i r emen t s  weekly f o r  one h e a t i n g  season 

b e f o r e  r e t r o f i t .  Normalize t h e  fue l  requi rements  t o  t h e  hea t ing -  

degree-days for t h e  week of f u e l  u s e ,  t hus  o b t a i n i n g  f u e l  r e q u i r e -  

ments t h a t  are independent  of t h e  o u t s i d e  t empera tu re  d u r i n g  t h a t  

week. Measure c e r t a i n  t empera tu res  ( d i s c u s s e d  i n  Sec t .  4.3) t h a t  are 

involved  wi th  f u e l  s a v i n g s  and human comfort :  at a minimum, f l o o r  

t e m p e r a t u r e ,  air t empera tu re  about  chest h igh ,  and air  temperature 

nea r  t h e  roo f .  Survey the permanent work force concern ing  t h e i r  

g e n e r a l  comfort  l e v e l .  

3 ,  During t h e  f o l l o w i n g  summer i n s t a l l  an i n f r a r e d  r a d i a n t - h e a t i n g  

system. The i n s t a l l a t i o n  shou ld  be des igned  by an  a r c h i t e c t  eng inee r  



38 

( A E )  who has expe r i ence  w i t h  r a d i a n t  h e a t e r s ,  and r a d i a n t  h e a t e r s  

should be s e l e c t e d  from a manufac tu re r  t h a t  a l s o  has  had c o n s i d e r a b l e  

e x p e r i e n c e .  Note t h a t  i n  r e c e n t  y e a r s ,  many AEs and small  manu- 

f a c t u r e r s  are becoming involved w i t h  r a d i a n t  h e a t e r s  but have no t  

y e t  developed a background of expe r i ence .  The c o n s t r u c t i o n  drawings 

should be reviewed by t h e  r a d i a n t - h e a t e r  manufacturer .  I f  g a s  f i r e d ,  

t h e  r a d i a n t  heaters should be c e r t i f i e d  by t h e  American Gas Associa- 

t i o n .  16 

4 .  During t h e  nex t  h e a t i n g  season r e p e a t  a l l  of the measurements and 

a n a l y s i s  d e s c r i b e d  i n  No. 2 above. With t h e  emphasis on whether t h e  

c o n f o r t  l e v e l  i s  g r e a t e r / l e s s e r / t h e  same as b e f o r e  r e t r o f i t ,  t he  

permanent work f o r c e  should be in t e rv i ewed  aga in .  

The above program w i l l  y i e l d  d e f i n i t i v e  i n f o r m a t i o n  on the  f u e l  s a v i n g s ,  

c o s t - e f f e c t i v e n e s s ,  and human comfort  t h a t  r e s u l t  from t h e  r e t r o f i t  of 

r a d i a n t  heaters i n  t h e s e  b u i l d i n g s .  By using the  measurements taken i n  

Nos. 2 and 4 above, t he  energy s a v i n g s  and c o s t - e f f e c t i v e n e s s  can be 

e x t r a p o l a t e d  w i t h  a high l e v e l  of conf idence  t o  o t h e r  similar b u i l d i n g s  

of t he  same g e n e r a l  c l a s s .  

An expe r imen ta l  procedure des igned  t o  measure t h e  f u e l  s a v i n g s  t h a t  

r e s u l t  from r e t r o f i t  of r a d i a n t  h e a t e r s  i n  e i g h t  a i r c r a f t  hangars  a t  F t .  

Campbell, Kentucky, has been developed. l 7  

t i o n  was c a n c e l l e d ;  t h u s ,  t h e  e f f o r t  t o  measure f u e l  s a v i n g s  was never  

c a r r i e d  out .  N e v e r t h e l e s s ,  t h e  expe r imen ta l  measurements and t h e  

a n a l y s i s  r e q u i r e d  t o  de t e rmine  f u e l  s a v i n g s  are d e s c r i b e d  i n  d e t a i l  i n  

t h i s  r e p o r t .  

The r a d i a n t - h e a t e r  i n s t a l l a -  
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