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ABSTBACT 

A #as - f i red  vented zone h e a t e r  has  r e c e n t l y  been developed by t h e  A l t a r  Corpora t ion  f o r  Colorado S t a t e  
U n i v e r s i t y  (CSU) nnder a  Gas Research I n s t i t u t e  (OBI) c o n t r a c t .  The u n i t  war developed f o r  a u x i l i a r y  hea t ing  
a p p l i c a t i o n s  i n  p a s s i v e  a o l a r  b u i l d i n g s .  An e a r l y  p r o t o t y p e  was t e s t e d  a t  A l t a r  and opera ted  a s  expected.  The 
f i n a l  model was shipped t o  CSU i n  December 1983 f o r  t e s t i n g  i n  t h e  RBPEAT F a c i l i t y  a t  CSU. 

A h e a t  p ipe  ex tends  through t h e  w a l l  t o  t h e  o u t s i d e  of t h e  bu i ld ing .  It h a s  a  modest wate r  charge  which 
can f r e e z e  r e p e a t e d l y  w i t h  no damage. s i n c e  t h e  h e a t  p i p s  i s  o n l y  p a r t i a l l y  f i l l e d .  F i r i n g  e f f i c i e n c y  a t  4.000 
Btu lb  (1.17 kW thermal)  is approximately 80%. The u n i t  f e a t u r e s  r 3 f o o t  by 3 f o o t  r a d i a t o r  mounted i n s i d e  t h e  
room t o  b e  heated,  and i s  t h e r m o s t a t i c a l l y  c o n t r o l l e d .  I g n i t i o n  i s  accomplished w i t h  a n  e l e c t r o n i c  s p a r k e r  
( p i l o t ) .  The r a d i a t o r  t y p i c a l l y  o p e r a t e s  a t  1 5 0 - 1 8 0 ~ ~  [65-82°~) ,  and h a s  been o p e r a t e d  a t  between 2,000 and 
5,000 Btu/h (0.6-1.47 kW). R e m l t s  of  t e s t i n g  t h e  vented h e a t  p i p e  zone h e a t e r  a t  CSU arm presented.  

Also. a  method f o r  determining the  opt imal  conbi imt ion  of  zone h e a t e r .  p a s s i v e  s o l a r  h e a t i n g  and energy 
conserva t ion  measures h a s  been developed. Nomograph8 have been developed t h a t  may be  nsed by a  b u i l d i n g  
des igner  t o  determine t h e  opt imal  combinat ion of zone h e a t e r  s i z e ,  p a a s i v e  s o l a r  system s i z e ,  and energy conser- 
v a t i o n  measures f o r  given types  of p a s s i v e  s o l a r  h e a t i n g  systems i n  s e l e c t e d  l o c a t i o n s .  h r e p r e s e n t a t i v e  nomo- . 
graph i s  presen ted  along w i t h  a  d e s i g n  example. 

Spendin0 on energy-ef f ic ien t  p r o d u c t s  and ser- 
v i c e ~  amounted t o  approximately 49 b i l l i o n  i n  1980, 
approximately $30 b i l l i o n  i n  1983. and i t  b a r  been 
es t imated  t h a t  approximately $50 b i l l i o n  p e r  y e a r  
w i l l  be spent  i n  t h i s  a r e a  by 1990 (1). R e s i d e n t i a l  
energy conserva t ion  b u s i n e s s  a c t i v i t i e s  have 
represen ted  a  s i g n i f i c a n t  p o r t i o n  of  t h e  spending on 
energy e f f i c i e n t  p roduc ts  and s e r v i c e s .  Approxi- 
mately $4.5 b i l l i o n  were spent  i n  t h i s  a r e a  i n  1982 
and i t  ha8 been es t imated  t h a t  t h e  apending i n  t h e  

representec 
t h i s  area.  

1 energy a r e a  w i l l  amount t o  approximately 
n p e r  y e a r  by 1990. Zone h e a t e r a  have 
a a s i g n i f i c a n t  p o r t i o n  o f  t h e  spending i n  
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were r a t h e r  d ramat ic  s a l s a  of p o r t a b l e  
pace h e a t e r s  i n  t h e  1970's i n  t h e  United 
th s e v e r a l  m i l l i o n  u n i t s  be ing  s o l d  a n n r  
, however. a r e  be ing  so ld  today. Tbe rea-  
n a r i l y  due t o  t h e  r e l a t i v e l y  h igh  c o s t  of 
r i n  most l o c a t i o n s  throughout  t h e  United 
jrosene h e a t e r s  have a l s o  experienced 
matic s a l e s  i n c r e a s e s  and decreases.  For  
)proximately 35,000 u n i t s  were s o l d  i n  1974 
m i l l i o n  u n i t s  p e r  y e a r  were s o l d  between 

M3 b u t  s a l e s  o f  t h e r e  u n i t s  have a l s o  
There a r e  numerous d i sadvantages  t o  

j a te ra ,  These inc lude  t h e  inconvenience of 
Ing ( s e a r c h i n g  f o r  f u e l  and f i l l i n g  t h e  
I ,  t h e  h igh  c o s t  of kerosene r e l a t i v e  t o  
tu ra l  gas ,  odors  from f u e l  and combustion 
ia ide  the  condi t ioned  space,  manual opera- 
j rour ly  ho t  s u r f a c e  t smpera tures ,  and v e r  
jquirementn (1). 

i n s u l a t e d )  b u i l d i n g s .  T r a d i t i o n a l  type  c e n t r a l  heat- 
ing  p l a n t s  a r e  no t  a p p r o p r i a t e  f o r  s u p e r i n s u l a t e d  
b u i  l d i n g s .  I n  s u p e r i n s u l a t e d  b u i l d i n g s ,  t h e  i n t e r n a l  
g a i n s  p rov ide  a  s i g n i f i c a n t  amount of  t h e  energy 
r e q u i r e d  t o  main ta in  adequate comfort  l e v e l s  i n  t h e  
b u i l d i n g s .  That  i s .  t h e  i n t e r n a l  g a i n s  w i l l  r a i s e  
t h e  temperature i n s i d e  t h e  apace t o  a  v a l u e  c l o s e  t o  
t h e  d e s i r e d  value. Therefore ,  i t  may no t  be  neces- 
s a r y  t o  have a  l a r g e ,  c e n t r a l  h e a t i n g  f a c i l i t y .  
I n s t e a d ,  smal l  zone h e a t e r s  may be  used t o  provide 
rhe a d d i t i o n a l  energy r e q u i r e d  i n  o r d e r  t o  main ta in  
t h e  i n s i d e  tempera ture  a t  t h e  d e s i r e d  value.  Elec- 
t r i c  r e s i s t a n c e  h e a t e r s  a r e  a l r e a d y  a v a i l a b l e  f o r  
t h i s  purpose. However, t h e  c a s t s  f o r  e l e c t r i c i t y  a r e  
h i a h  compared w i t h  t h e  c o s t s  f o r  n a t u r a l  gas  i n  many 
l o c a t i o n s  i n  t h e  United S t a t e s .  Hence, t h e  need 
e x i s t s  f o r  a  gas - f i red  zone h e a t e r  t h a t  may be nsed 
w i t h  s u p e r i n s u l a t e d  b u i l d i n g s .  A zone h e a t e r  of t h i t  
type is d e s c r i b e d  i n  t h i s  paper. 

The g a r f i r e d  h e a t  p i p e  zone h e a t e r  d e s c r i b e d  
below r e p r e s e n t s  a  a i g n i f i c a n t  improvement over  pro- 
v i o u s  zone h e a t e r s  i n  t h a t  combustion t a k e s  p l a c e  
o u t s i d e  t h e  c o n d i t i o n e d  apace, t h e  zone h e a t e r  u s e s  
n a t u r a l  g a r  o r  propane an a  f u e l ,  i t  has  s a f e  opera t -  
ing  temperatures .  no fumes o r  odors  a r e  i n s i d e  t h e  ' 
condi t ioned  space,  and i t  f a  f u l l y  a u t o a a t i c a l l y  con- 
t r o l l e d .  

A d e s c r i p t i o n  of  t h e  g a r f i r e d  h e a t  p i p e  zone 
h e a t e r  i s  ~ i v e n  i n  t h e  f o l l o w i n g  s e c t i o n .  T h i s  is  
fol lowed by a  d e a c r i p t i o n  o f  a  procedure f o r  d e t s r -  
mining t h e  op t imal  combinat ion o f  zone h e a t e r .  pas- 
s i v e  s o l a r  h e a t i n g ,  and energy c o n s e r v a t i o n  measures 
f o r  a  b u i l d i n g .  

The ti 
h e a t  p i p s  I 

)p ic  of  t h i s  paper i s  t h e  use of  gas - f i red  
:one h e a t e r s  i n  v e r y  wel l  i n s u l a t e d  (super-  
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The A l t a r  Corporat ion developed a  small ,  vented 
gas-f ired rpace h e a t e r  t h a t  was designed f o r  hea t i ng  
only one room o r  s e c t i o n  of a  bui lding.  The f i r i n 8  
r a t e  was 2.000-5.000 Btu/h (approximately 0.5-1.5 kW 
thermal) and the  f i r i n g  e f f i c i e n c y  was approximately 
B(pk.. It cons i s t ed  of a  hea t  pipe device which 
pe ne t r a t e s  the  o u t s i d e  wal l  of a  bu i l d ing ,  w i th  a  
combustion chamber evapora tor  asrembly u n i t  ou t s i de  . 
of the bu i ld ing ,  mnd a  condenme t r ad i a to r  i n r i de .  
The u n i t  i s  t h e r m o r t a t i c a l l y  con t ro l l ed  and u se s  an  
e l e c t r o n i c  p i l o t .  The c o n d e n s e r r a d i a t o r  i s  a one 
meter by one meter square v e r t i c a l  copper p l a t 6  which 
i r  mounted a  few cent imeters  away from the  i n s i d e  
r u r f r c e  of an ou t s i de  wal l  of a  bu i ld ing .  Copper 
tubes were ro ldered  t o  the p l a t e  a t  approximately 7 
cent imeter  i n t e r v a l 8  and joined t o  a  header  a t  the  
bottom. The header  i s  joined by a  1.91 cen t imeter  
(0.75 inch) diameter  tube. r e f e r r e d  t o  a s  t he  adia-  
b a t i c  tube. t o  t he  evapora tor ,  which c o n s i r t r  of a  
s i n g l e  tube w i th  ex t e rna l  f i n s .  The i n s u l a t e d  
c mbus t i on  chamber. t he  controlm. t he  e l e c t r o n i c  
p i l o t ,  and t he  flow con t ro l  v r l v e s  a r e  i n  a  box which 
i s  t o  be mounted on the  ou t s i de  of the bu i ld ing .  
system i s  i l l u s t r a t e d  i n  Figure 1, 

Figure  1 

P i c t o r i a l  Representat ion of 
Heat Pipe Zone Bea te r  

The 

'-fie h e i t  p ipe  behaves e s s e n t i a l l y  aa  a  thermal 
diode. When t he  burner  i s  on, a  l a r g e  amount of hea t  
w i l l  be t r ana f e r r ed  i n t o  the bu i l d ing  a t  a  very  small 
temperature d i f f e r ence .  When t he  burner  i s  o f f  t he r e  
w i l l  be a  l a rge  temperature d i f f e r enoe  (approximately 
3 5 O ~ )  between t he  i n r i d e  and t h e  ou t s i de  and y e t  

. t h e r e  w i l l  be very  l i t t l e  hea t  t r a n s f e r  out  of the 
bu i ld ing .  The hea t  p ipe  f l u i d  ased  i n  t h e  p r e sen t  
device is water. A very  small amount of water  
(approximately 50 ml) i s  ased; hence the  tubes out- 
r i de  the bu i l d i ag  a r e  only p a r t i a l l y  f i l l e d ,  and the 
device can f r e e z e  without  damage, Bowever, i f  t h e  
water  i n  the  evapora tor  i s  f r ozen  a t  stmrt-up, i t  
must f i r s t  be thawed and then evaporated. Thi r  
r e p r e sen t s  a  t r a n s i e n t  l o s s  i n  the  system and t h i s  
can be minimized by us ing  a  m a l l  charge of water  and 
longer  f i r i n g  periods,  

Several  con f igu ra t i on r  a r e  pos r i b l e .  The 
p r e sen t  con f igu ra t i on  i r  designed f o r  hea t i ng  a  sin- 
g l e  zone i n  a  bu i ld ing .  One could  a l s o  des ign  a  dev- 
, i c e  t o  h e a t  two ad j acen t  zones by p l ac ing  the  device  
i n  t he  wal l  d iv id ing  t h e  two zones c l o s e  t o  t h e  po in t  
where the s epa ra t i ng  wal l  meets the  o u t s i d e  wal l  of 
t h e  bu i ld ing .  The hea t  t r a n c f e r  t o  t he  zones could 
be by n a t u r a l  convect ion through r e g i s t e r s  placed i n  
each s i de  of t he  s epa ra t i ng  wal l .  One could a l s o  use 
s tandard  hydronic h e a t e r s  f o r  the condenser. It i a  
a l s o  conceivable t h a t  s eve r a l  u n i t s  could be 
i n r t a l l e d  i n  s epa ra t e  zones of a  bu i l d ing  and eacb 
u n i t  could be i nd iv idua l l y  con t ro l l ed .  Numerour pos- 
s i b i l i t i e s  e x i s t .  

RESULTS OF AWAS 'I1ZSTINO 

A pro to type  of t he  zone h e a t e r  was t e s t e d  i n  t he  
A l t a r  l a b o r a t o r i e r  and opera ted  f o r  s sve r a l  days i n  
o rde r  t o  ensure  proper  opera t ion .  It was found t o  
ope ra t e  r e l i a b l y  through many on-off cyc le r .  The 
h e a t  p ipe  vrpor  p r e s su re  reached rbout  7  p s i a  dur ing  
s t e ady  s t a t e  ope ra t i on  i n  t he  6 5 ' ~  labora tory .  
Steady s t a t e  cond i t i ons  ware reached a f t e r  approxi- 
mately 30 minutes. The f l u e  gas  temperature was 
280°F w i tb  a  C02 conten t  of approximately 6%. 

The pro to type  u n i t  (which was e r s e n t l a l l y  ident- 
i c a l  t o  t he  f.Lnal u n i t )  was a l s o  mounted on r  w a l l  
w i th  a  5 cen t imeter  gap between t h e  w a l l  and t h e  
panel. The boat  p ipe  vapor pressure .  evapora tor  f i n  
temperature. land panel  sur f  ace temperature were moni- 
to red .  The r s l r f a ce  temperature was measured midway 
between r i s e r  groups. which corresponds t o  t he  
c o o l e s t  l o c a t  Lon. The system was then  opera ted  over  
a  range of i n ~ u t  f i r i n g  r a t e s . ,  Resu l t s  from these  
t e r t s  a r e  s h a m  i n  Table 1. The syrtem e f f i o i e n c y  
was approximately 80%. 

Table 1 

HEAT PIPE ZONE BEATER BENCR TEST RESULTS 

Fir inir  F i n  Psnel  Vapor Ambient 
Rate Temp. Temp. Press .  Temp. 

( ~ t u / h : r )  (OF) (OF) (psi.) (OF) 

RESULTS OF CSB TESTS 

Several  t e s t a  of  t he  A l t s s  Zone Heater  were per- 
formed between March 5 and May 4,  1984. i n  t h e  "mys- 
t e r y  room" of the  REPeAT f a c i l i t y  a t  CSU. The 
o b j e a t i v e  i n  :performing t he se  t e r t s  was t o  develop mn 
engineer ing  c h a r a c t e r i z a t i o n  of the  zone hea te r .  The 
e h a r a c t e r i z a t  Lon was t o  inc lude :  

t r a n r i s n t  and r t e ady  s t a t e  thermal 
e f f i c i l snc i e s  of t h e  zone hea t e r .  
r e l a t i v e  c o n t r i b u t i o n s  of  r a d i a t i o n  and 
convec,tion t o  t he  s teady  s t a t s  hea t  f l u x  
from the  tone  hea t e r .  
a  p re l iminary  da ta  base from which 
recomml~nda t i o n s  f o r  re f inements  of 
the  pr1,sent design,  a s  we l l  a. pos- 
s i b l e  ~ o n t r o l  schemea. may be made. 
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o : , s : s + c ~  ( : I '  ;; iwich t e a t s ,  6  t r a p  
a, and a  3 day r teady  s t a t e  f i e l d  
i o n  of t h e  f u e l - a i r  r a t i o  war per- 
noh t e s t i n g  by record ing  tempera ture  
e n r e r  whi le  vary ing  the  primary a i r  
t o  ~ r o d u c e  t h e  l a r g e s t  average  p l a t e  mnppry an oraar - 

:emperatare. During t h e  bench t e a t  in8 t h e  r a d i a t i o n  
.?&i aonvect ion h e a t  f l u x  c o n t r i b u t i o n s  were d e t e i  
rni..ed and a r e  rhoan i n  F igure  2. 

- - TIME (min)  

Figure 2 Heat T r a n s f e r  vs  Time for  
H e a t e r  P la te  D u r i n g  Bench T e s t  

A l l  f i e l d  t e r t i n g  of t h e  zone h e a t e r  war uone i n  
an environment which was r e l a t i v e l y  f r e e  from 
extraneour inputs .  The "mystery room" of t h e  
REPEAT f a o i l i t y  a t  t h e  CSU Sola r  Vi l la f ie  p rov ided  
such a n  environment. The doors. w a l l s ,  windows, and 
o e i l i n a  were i n r u l a t e d  w i t h  2 inches  o f  r tyrofoam and 
then t i g h t l y  r e a l e d  i n  o rder  t o  minimize t h e  thermal 
e f f e c t s  of o u t r i d e  temperature v a r l a t i o n r .  AIuminum 
f o i l  War p laced  on t h e  o u t s i d e  of  t h e  w i n d m r  t o  
i n r u l a t e  t h e  room from r o l a r  gains .  The room was 
then inmtrumented ruoh t h a t  t h e  remaining thermal 
f l u x  between t h e  i n t e r i o r  o f  t h e  room and t h e  o u t r i d e  
environment war determined. The t e r t  arrangement i s  
i l l u r t r a t e d  i n  Fif iure  3. Commercial grade b o t t l e d  

nnr war ured a s  f n e I  dnr ing  t h e  f i e l d  t e r t r ,  

Figure 3 M y s ~ e r y  Room Thermocouple  P l a c e m e n t s  

An i v e r a g e  flow r a t e  of  3.6 c u b i c  f e e t  p e r  hour, 
a t  a  p r e s s u r e  of 3 inoher  of water .  was ured dur ing  
t h e  t a r t s .  The condenser  p l a t e  was d i v i d e d  e q u a l l y  
i n t o  s i x  v e r t i c a l  r e c t i o n r ;  each s e c t i o n  war moni- 
t o r e d  s e p a r a t e l y  us ing  25 e q u a l l y  spaced thermocou- 
p l e s .  

The t r a n s i e n t  t e s t s  c o n r i s t e d  of f i r i n g  t h e  
b u r n e r  and t h e n  r e c o r d i n g  temperature d r t a  a t  2 
minute i n t e r v a l s  u n t i l  t h e  oondenrer  p l a t e  tempera- 
t u r e  reaohed r t e a d y  r t a t e  c o n d i t i o n r ;  t h i r  took 
approximately 3 0  minute r ,  comparable w i t h  t h e  t e s t  
conduoted by A l t a r .  The 8.8 was then shu t  o f f  whi le  
d a t a  c o l l e o t i o n  cont inued  u n t i l  t h e  p l a t e  temperature 
f o r  t h e  r e o t i o n  had r e t u r n e d  t o  i t s  i n i t i a l  va lue .  
T h i r  p r o o e r r  war t h e n  r e p e a t e d  f o r  each s e c t i o n  of 
the  p l a t e .  The d a t a  c o l l e c t a d  dur ing  t h e r e  t e s t s  
were then  ured t o  determine thermocouple plaoementr 
t o  be ured  d a r i n g  t h e  r t e a d y  r t a t e  f i e l d  t e r t .  

The s t e a d y  r t a t e  f i e l d  t e r t  war performed f o r  72 
hourr .  The zone h e a t e r  war o p e r a t e d  cont inuous ly  
d u r i n g  t h i s  t ime and tempera tnre  d a t a  were c o l l e c t e d  
a t  15 minute i n t e r v a l s .  The fo l lowing  temperature 
measurements were made: 

wall .  c e i l i n g ,  and f l o o r  t empera tures  
d r y  b u l b  a i r  t empera to te r  i n s i d e  and 
o u t r i d e  t h e  mystery room 
b l a c k  globe tempera tures  i n s i d e  t h e  
mystery room 
tempera tures  of t h e  ad imbat ic  p i p e  and 
t h e  h e a t e r  housing 

There d a t a  were then  used t o  determine t h e  r teady  
r t a t e  e f f i c i e n c y  of t h e  zone h e a t e r ,  a t  w e l l  a r  t h e  
convec t i v e .  r a d i a t i v e .  and conduc t ive  h e a t  f l u x e s  
from each r u r f a c e  d u r i n g  t h e  r t e a d y  r t a t e  opera t ion .  
The t o n e  h e a t e r  e f f i c i e n c y  was found t o  be 81%. The 
ryr tem p r e r r u r e  war found t o  be  about  30 kPa when t h e  
p l a t e  war a t  room temperature.  The mars of a i r  i n  
t h e  h e a t  p i p e  was e r t i m a t e d  t o  be 1.72 E-04 kg; i t  
was found t h a t  t h i s  amount of  a i c  i n  the  system 
tended t o  reduce t h e  h e i g h t  t o  which t h e  wate r  cou ld  
r i s e ,  whieh i n  t u r n  r e s u l t e d  i n  a  lower temperature 
f o r  t h e  t o p  few c e n t i m e t e r r  of t h e  condenser  p l a t e .  
A more complete ryr tem vaauum would eliminatm t h i r  
problea.  

OPTIMAL COMBINATION OF ZONE HEATER, 
PASSIVE SOW. dND ENEROY CONSERVATION 

Thr methodology f o r  de te rmin ing  t h e  opt imal  com- 
b i n a t i o n  of p a r r i v e  r o l a r  hea t ing .  energy  oonrerva- 
t i o n ,  and t h e  zone h e a t e r  mire ham been p r e s e n t e d  
p r e v i o u s l y  ( 2 ) .  The method is based upon t h e  work of 
Balcomb (31 and i r  b r i e f l y  summarized a 8  fol lows.  

Consider  a  two zone b u i l d i n g ,  i n  which one zone 
i r  main ta ined  a t  some noroinal temperature.  ray  6 0 ' ~  
( 1 5 . 6 O ~ ) .  n h e r e a r  t h e  o t h e r  zone i r  t o  be  main ta ined  
a t  c e r t a i n  time p e r i o d s  a t  a  h igher  temperature,  ray  
6 8 ' ~  (20 '~) .  The zone h e a t e r  p r o v i d e r  t h e  a d d i t i o n a l  
energy r e q u i r e d  t o  m a i n t a i n  t h e  h i g h e r  temperatnre i n  
i t s  zone. I n  a d d i t i o n ,  suppose t h a t  a  p a r r i v e  a o l a r  
h e a t i n g  ryr tem i s  t o  p rov ide  rome p o r t i o n  of t h e  
b a s e l i n e  energy r e q u i r e d  and t h a t  energy conserva t ion  
mearurer  rill be a p p l i e d  i n  o r d e r  t o  d e c r e a r e  t h e  
o v e r a l l  energy r squ i rement r .  The problem then i r  t o  
determine t h e  opt imal  m o u n t  of energy conserva t ion ,  
t h e  s i z e  of  t h e  p a r r i v e  r o l a r  component. and t h e  r i z a  
of t h e  zone h e a t e r .  The opt imal  o m b i n a t i o n  i r  
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t h e  l i f e  c y c l e  a b s t ,  where the  
I w r i t t e n  a s  

: f o r  p r s s i v e  s o l a r  (41 
:a1 c o s t  f o r  p r a r i v e  s o l a r  

2 
~d c o l l e c t o r  a rea  ( f t  ) 
:a1 c o a t  f o r  energy c o n r e r v a t i o n  

i i l d i n n  load  cosf  f i c i e n t  

t f o r  enerBy conserva t ion  14) 
t a l  c o s t  f o r  t h e  none h e a t e r  

2 l a t e r  r r e r  ( f t  1 
: f o r  t h e  zone h e a t e r  14)  
worth f a c t o r  of c r p i t r l  

----r---- - J 8 t S  

= t h e  a u x i l i a r y  f u e l  c o s t  ( # I B ~ u )  
AUX 

Cf = t h e  zone h e a t e r  f u e l  c o s t  1 4 / ~ t n )  

g= the  energy consmed by t h e  zone h e a t e r  
(Btu)  

E4 = the  p r e s e n t  worth f a c t o r  of t h e  f u t u r e  
f u e l  c o s t s  

Using a n  energy b r l r n c e  between t h e  a u x i l i a r y  
h e a t e r  and t h e  h e a t i n g  reqa i rement r  ( f o r  t h e  lower 
base tempera ture ) ,  t h e  energy provided by t h e  r u x i l i -  
a r y  h e a t e r  i s  ob ta ined  8 8  

where 

SSF = the a o l a r  rav ings  f r a c t i o n  
DDLB = t h e  degree days t-o t h e  l o n e r  base. 

The zone h e a t e r  energy output  may a l s o  be 
ob ta ined  using a n  energy balance:  

where 

F = Li/LI 

ADD = t h e  d i f f e r e n c e  between degree days t o  t h e  
h igher  and l o r e r  bares .  

Uaing a  h e a t  t r a n s f e r  a n a l y s i s  t h e  zone h e a t e r  a r e a  
requ i red  i s  determined: 

where k r e p r e r e n t r  t h e  p roduc t  of t h e  zone b e a t e r  
h e r t  t r a n s f e r  ~ o e f f i c i s n t  and t h e  tempera ta rs  d i f -  
f e r e n t i a l  between t h e  zone h e a t e r  and t h e  zone 1 a i r  
temperr ture.  That i s .  

Tro  econtmic f a c t o r s  a r e  in t roduced  i n  Kiikpa- 
t r i c k  and W i m  ( 2 ) :  

S u b s t i t u t i n g  ( 2 ) .  ( 3 ) .  (41,  ( 6 ) .  and (71 i n t o  (1) 
r e s u l t s  i n  

where 
LCC' = LCCIEl 

El is  t h e  p r e s e n t  worth f a c t o r  of  c a p i t a l  equip- 
ment c o a t s .  It aooountr  f o r  i n t e r e r t ,  i n f l a t i o n .  
~ ~ S C O M ~  r a t e ,  t a r e l ,  and in rurance .  

Puel  c o ~ ~ t s  f o r  e l e c t r i c i t y  and 88s and e s t i m a t e d  
f u e l  i n f l a t x o n  r a t e r  f o r  each r e g i o n  a r e  p r e s e n t e d  i n  
Table 2. Vnlues i n  t h i s  t a b l e  were ob ta ined  from t h e  
1983 Qas  Rel~earch  I n r t i t u t e  B a s e l i n e  P r o j e c t i o n  Data 
Book. 

4verage Res ldent la l  Gas Pr lces  ( $ / W t u )  
(1982 do1 l a r s )  

New England 
Middle A t l a n t l c  
South A t l a n t l c  
East North Central  
West North Central  
East South Central  
West South Central 
k u n t a l n  # I  
Mountaln I 2  
P a c l f l c  # I  
P a c l f  l c  12 
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The c o n s e r v a t i o n  f a c t o r  may be e x p r e r r e d  a s  
l A B L E m  

Gas Research l n s t l t u t e  Fuel l n f l a t l o n  Est lmates 
na tura l  Gas 

1- ~2 1983-1990 1990-ZMO 

Nc* England 1.7 2.1 
Mlddle A t l a n t l c  2.1 2.6 
South A t l a n t l c  1.3 3-0 
E ~ s t  North Cent ra l  3.5 2.9 
Wc5t North Central  4.1 2.7 
East South Central  2.3 3.4 
West South Central  1.8 3.5 
k u n t a l n  11 2.0 3.8 
Mountaln 12 2.9 3.4 
P a c l f l c  11 2.1 2.1 
Pac I f I c  12 3.6 I .9 

S u b s t i t u t i n g  ( 6 ) .  ( 7 ) .  (10) .  and (11) i n t o  (13) 
p rov ides :  

where 
Avorage Res ldent la l  E l e c t r l c l t y  P r l c e s  I$ /WDtu)  

(1982 d o l l a r s )  

Year 1987 1985 1984 1985 1990 1995 

New Engrand 27.70 26.88 28.22 29.30 27.37 28.01 
Mlddle A t l a n t l c  25.66 25.23 25.92 25.85 25.36 25.61 
South A t l a n t l c  19.18 20.55 23.19 24.15 24.16 25.90 
East  North Central  18.80 19.84 21.12 21.61 22.23 21.98 
West North Central  18.41 19.32 20.82 19.75 20.37 20.09 
East South Central  15.35 16.44 17.81 18.47 18.53 19.75 
West South Central 17.40 17.72 19.14 20.23 21.85 23.64 
Mountaln I 1  14.18 14.35 16.02 16.88 16.42 15.27 
Mountaln 12 19.26 19.59 20.57 20.98 19.97 16.99 
Pacl f l c  #I  8.25 8.97 9.99 10.33 11.69 12.19 
Pac l f  l c  12 24.94 25.37 25.67 26.70 26.57 28.04 

The op t lmal  inmula t ion  v a l u e s  f o r  ~8111. c e i l i n g ,  
p e r i m e t e r  and windows may be determined f ran  

The square  r o o t  of  t h e  r a t i o  of a  and r mart  be 
determined f o r  t h e  b u i l d i n g  component i n  q d s t i o n .  
Mul t ip ly ing  t h i s  v a l u e  by t h e  c o n s e r v a t i o n  f a c t o r  
p r o v i d e r  t h e  opt imal  R-value. For p e r i m e t e r  fnsu la -  
t i o n  a  c o n v e r r i o n  i s  used (4) .  and t h e  opt imal  R- 
v a l u s  e q u a t i o n  becomer: 

Gas Research I n s t l t u t e  Fuel l n f l a t l o n  Est lmates 
E l e c t r l c l t y  

h ~ r  s 1982- 1990 

New England -0.2 
Middle A t l a n t l c  -0.1 
South A t l a n t l c  2.9 
East Nor th  Cent ra l  2.1 
West Nor th  Central  1.3 
East South Cent ra l  2.4 
West South Central  2.9 
Mountaln #I  1.9 
Mountaln 12 0.5 
Pacl f  I c  I 1  4.5 
Pac l f  l c  12 0.8 

Coablning ( 4 )  and (13) y i e l d s  

The opt imal  b u i l d i n g  load c o e f f i o i e n t ,  L,,. ,, may - 
be found by taking t h e  p a r t i a l  d e r i v a t i v e s  O ~ O L C C '  

wi th  r e s p e c t  t o  L and A . S e t t i n g  t h e  p a r t i a l  
T d e r i v a t i v e s  equa l  t o  r e r i  t o  o b t a i n  t h e  v a l u e s  

correrpondin# t o  minimum 1 i f s  c y c l e  c o s t r  y i s l d a  
e q r u t i o n r  (13) and (14) .  

T h i r  term mry be m u l t i p l i e d  by t h e  v a l u e  of  
(L 1 5 )  \Ib/r t o  o b t a i n  t h e  opt imal  zone h e a t e r  
a r i a .  The op t imal  p a r r i v e  r o l r r  a r e a  can  be 
e x p r s r s e d  a a  the  op t imal  b u i l d i n g  l o a d  c o e f f i c i e n t  

LT d iv ided  by t h e  load- to-co l lec tor  r a t i o  (LCR): 
0 

where D i u  t h e  r lope  of t h e  SSF v e r s u s  l/LCR curve  a t  
t h e  optimum. Rsarranglng 113) and r u b s t i t u t l n g  i n t o  (19) 

r e s u l t 8  i n  
The aonserva t ion  fmotor (CF) l a  used t o  determine 

t h e  optimum pass ive  s o l a r  and zone h e a t e r  a reaa ,  
i n s u l a t i o n  v a l u e r  f o r  w a l l s ,  o e i l i n g .  per imete r  and 
windorr,  and i n f  i l t r a t i o n  s t r a t e g i e s .  The conaerva-  
t i o n  f a c t o r  has  been def ined  by Balnomb (3) a s :  which can  be  r e a r r a n g e d  t o  give: 
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The opt imal  i n f i l t r a t i o n  r a t e  can  be-ob ta ined  
(4)  : 

J 1 c o a t  i n c r e a l e  by 1 #/it  3 

ACE = g a (22) 

The above r e s u l t s  may be used by a  b u i l d i n g  
gner t o  determine how many square f e e t  of aouth- 
ng g l a z i q  should be i n s t a l l e d  f o r  t h e  given type  
a s r i v e  s o l a r  h e a t i n g  system. t h e  Ef-valne f o r  
8 and ceilingm. and the  r i z e  of  t h e  zone h e a t e r .  
d i f f i c u l t y  is  t h a t  t h e  c a l c u l a t i o n s  a r e  t ed ious ;  
v e r  the  tedium may be  circumvented through t h e  
of a  simple g r a p h i c a l  device (nomograph) a s  
s t r a t e d  below. The nomograph a l lows  t h e  d e s i g n e r  
e  t e r n i n s  t h e  combination of p a s s i v e  s o l a r  
a res .  zone h e a t e r  s i r e ,  mnd e n e r l y  c o n s e m a t i o n  
1 t h a t  r e s u l t  i n  a  minimum c o s t  to  t h e  consumer 

t h e  l i f e t i m e  of t h e  system. The nomograph s y r  
i z e r  complex economic and thermal performance 

i n t o  a  form which can  be used by a  p e r r o n  
out  a  technlCal  background. Its use raves  t h e  
gner  from performing the  complex, r e p e t i t i v e  cal-  
t i o n s  r e a u i r e d  t o  o b t a i n  t h e  out imal  r e s u l t s .  A 
mesenta ti;e nomograph f o r  F t .  toll ins ,  ~ o l o r a d o  i s  
,anted i n  F igure  4.  The use of t h e  nomo~raph is  
, r ibed  i n  the  f  o l l a a i n g  s e c t i o n .  

F i g u r e  4 Nomograph f o r  a Water Wall 
System in ~ t .  Collins, Colorado 

Given a  t4,400 c u b i c  f o o t  r e s i d e n c s  l o c a t e d  i n  
F o r t  Col l ins .  Colorado, determine t h e  optimum pass ive  
r o l a t  a r e a  f o r  a  wate r  w a l l  system. t h e  zone h e a t e r  
a r e a ,  and t h e  energy c o n s e r v a t i o n  measures. The modi- 
f i e d  f u e l  l s v e l i z i n ~  f a c t o r  (h/  DD ) i s  540 t / ~ ~ ~ t a  
and I h e  inaremental  c o a t  f o r  p.ssi!d s o l a r  i s  1 2  
$ / f t  f o r  rystem type WWA2 ( 4 ) .  Using t h e  nomograph 
( F i g u r e  4)  t h e  fo l lowing  d a t a  were e x t r a c t e d :  

SSF = 0.72 

rwindosa - 3.8 $1' f t 2 ,  rw,lls = 0.045 &P f t 2 .  

' c e i l i n ~  = 0.019 # / R  f t 2 , r  = 0.25 ~ E R  f t .  

and r i n f i l t r m r t i o n  = 0.031 $I= pefi.;:8r 
a s  t h e  incremental  c o s t s  f o r  each energy c o n s e r v a t i o n  
component of t h e  house. t h e  fo l lowing  optimum r e a i s -  
t a n c e s  were determined: 

'window 

R w a ~ l s  = 4 S  

'coil ing = 69 

ime t e r  = 23 

The gptfmum inf  L l t r a t i o n  i s  1.39 ACE 'and b i r  
39.7 x 10 . The optimum p a s s i v e  s o l a r  a r e a  and zone 
h e a t e r  a r e a  a r e  

A pas- f i red  h e a t  p i p e  zone h e a t e r  f o r  use  i n  
s u p e r i n s u l a t e d  b u i l d i n g s  h a s  been d e s c r i b e d ,  Resu l t8  
from benoh t e r t s  and f i e l d  t e s t s  have been presen ted .  
The e f f i c i e n c y  of t h e  zone h e a t e r  h a s  been determined 
t o  be  approximately 8fB. I n  a d d i t i o n .  a  method f o r  
d e t e r n i n i n g  t h e  opt imal  s i z e  of zone h e a t e r  t o  be 
used i n  a  s u p e r i n s u l a t e d  p a s s i v e  s o l a r  b u i l d i n g  h a s  
been presen ted .  A nomograph h a s  been developed f o r  
designer .  tea use  i n  de te rmin ing  t h e  op t imal  l e v e l s  of 
i n s u l a t i o n .  t h e  ap t imal  r i z e  of cone h e a t e r ,  and t h e  
op t imal  mire of t h e  s o l a r  component i n  a  p a r s i v e  
s o l a r  bu i ld ing .  h orampie of t h e  use of  t h e  nomo- 
graph  ham been p r s r e a t e d .  

It shorlld a l s o  b e  noted t h a t  t h e  method 
presen ted  i n  t h i s  paper  may be  a p p l i e d  t o  c e n t r a l  
h e a t i n g  syat:ems o n l y  and t o  zone h e a t i n g  systems 
only.  T h i s  may be done by s e t t i n g  t h e  c o s t  of t h e  
h e a t i n g  ayslem p r o p o r t i o n a l  t o  t h e  des ign  h e a t i n g  
l o a d  f o r  tho b u i l d i n 8  and t h e n  fo l lowing  t h e  same 
procedure s  tle s c r i b e d  above i n  o r d e r  t o  de termine t h e  
o p t  L a 1  combination of energy c o n r e m a  t i o n  measures. 
p a s s i v e  s o l ~ u  h e a t i n g ,  and h e a t i n g  from e i t h e r  a  can- 
t r a l  hea t in l l  system o r  zone h e a t i n g  system. 
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