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HOTISE HEAT1 WG E Q I I  PMENT 

FITNCTION OF H E A T I N G  SYSTEM ---- m 

The h e a t i n g  system o p e r a t e s  i n  combination w i t h  the  
b u i l d i n g  enc losu re ,  t h a t  is, the  w a l l s ,  windows, doo r s ,  f l o o ~ .  and 
c e i l i n g ,  t o  provide thermal  conditions insf  de a bu i ld ing  d i f f e r i n g  
from those  o u t s i d e  dur ing  the h e a t i n g  season,  Thus the degree t o  
which thece  i n s i d e  c o n d i t i o n s  a r e  llcomfortablefl depends on both 
t h e  performance of t h e  h e a t i n g  system and t h e  thermal characterf stfcs 
of the b u i l d i n g o  

Although t h e ~ m a l  comfort i s  a s u b j e c t i v e  r e a c t f o n  and 
depends on a l l  e x t e r n a l  f a c t o r s  a f f ec t i ng  t h e  body heat balance,  
i n  p r a c t i c e  t h e  performance of" a house h e a t i n g  system wi th  r e s p e c t  
t o  comfort  i n  Canada and t h e  UoSo u s u a l l y  r e f e r s  t o  the unfformfty  
of t empera tures  t h a t  1s  produced in t h e  l f v i n g  zona, t n c l u d i n g  
floor sanfaee  tempera tures ,  and t h e  degrpee to which t h e  l i v i n g  
zone is f r e e  from o b j e c t f o n a b l e  d r a f t s ,  Thus, in t h e s e  t e ~ m u ,  t h e  
sma l l e r  the varf  a ti ons i n  3empel.a t u r a  v e r t i c a l l y  and horbf z o n t a l l y ,  
and from room t o  room, r e g a r d l e s s  of o u t s i d e  t e m p e ~ a k u ~ e  cond i t f  ons 
the  g r e a t e r  the  gene ra l  l e v e l  of comfort provided by the  h e a t l n g  
systemo 

A h e a t f n g  system should n o t  on ly  provide an  accep tab le  
l e v e l  of c o m f o ~ t  d u ~ f n g  t h e  c o l d e s t  weatner eonditYons, but It 
shoilid f u n c t l o n  econumPcallg, both wf t h  mspec2 to f i ~ s t  and 
o p e ~ a t l n g  c o a t s ;  f t  should be r a l f a b l e  and f t should n o t  c o n s t i t u t e  
a  h e a l t h  o r  f i r e  hazard ,  

TYPES OF REATING SYSTEMS AND THEIR SEUCTI.CN 

There a r e  many d i f f e r e n t  w a y s  of c l a s s i f y i n g  t he  heat ing  
systems a v a i l a b l e  f o r  house neetfng, Heating systems vapy w i t h  
respec t  t o  such f a c t o r s  a s  t h e  type of  fuel burned ( 3 0 l i d ,  l i q u i d ,  
o r  gaseous)  w i t h  r e s p e c t  t o  the  type of  heatfng medium ( a i r ,  water, 
o r  s team) and i t s  method of c i r c u l a t i o n  ( g r a v i t y  o r  f o r c e d )  and 
wfth respec t  t o  the t ype  of d i s t r i b u t i o n  systam, D e t a f l s  of a l l  
these v a ~ i a t f o n s  I n  type  will n o t  be d e a l t  wfth in t h i s  no te  b u t  
it might be u s e f u l  t o  l ook  ve ry  b r i e f l y  a t  some o f  the f a c t o r s  a s  
t h e y  may i n f l u e n c e  the s e l e c t i o n  of t h e  system,, 



I n  selact,Ln[; t h e  type of fue l , ,  a v a i l a b i l i t y  and r e l i a b i l i t y  
of' su!ppiy ape  nn t u r a l l y  of  f i r s t  concerno  Vnder s p e c i a l  circum- 
s t a n c e s  cons ide ra t - i on  of t h i s  f a c t o r  may l e ad  t o  t h e  s e l e c t i o n  o f  
a u n i t  which o u n  b u r n  more than  one f u e l ,  U s u a l l y ,  however, 
r e l i a b i l i t y  o f  supply 1s no t  a  problem and t h e  rnain f ' ac tors  to 
conside;. a r e  convenience and aconcmy o Consf dera  t i  ons o f  convenience 
a r e  l a r g a l y  pel-sonaJo Ths mat,ter of economy, however, 1 s  s ~ t b j e c t  
t o  c a l c u l a t i o n ,  

 he i-ilethod of c a l c u l a t l  on most o f t e n  used u t i l l i z e s  degree- 
day d a t a ,  Ths degree-clay i s  a .;;lfniafe f a c t o r  which c o r ~ e l a t e s  
w i t h  t he h e a t  ~ a q u i r e m e n t s  of buf fd ings  and i s  used,  f o r  exampla, 
by f u e l  s a p p l f e r s  to  d e t e ~ m i n e  when f u s s 1  dePf w r i e s  a r e  neces sa ryo  
The degree--days f o r  any one day a r e  obta ined  by t s k f n g  t h e  
d i f fe ran i :e  between the  averag;e t empera ture  f o r  t h e  day and 6 5 0 ~ ~  
The degree-days f o r  any p e r i o d  a r e  ob ta fned  simply by cumulating 
the degree,-days f o r  aach  dayo 

The calculation t o  o b t a i n  the  f u e l  consumption f o r  a house 
f o r  any pe r iod  i~ r e l a t i v e l y  simple ai?d nor"ma1ly prov ides  a n  
es t fma te  s G f  f i c i e n t l y  a c c u r a t e  f o r  purposes  of comparf sono  In  
o r d e ~  to make such a cornparlson i t  i s  neces sa ry  t o  know, i n  add f t fon  
t o  t h e  degree-days f o r  the  p e r i o d ,  the  e f f f c f e n c f e s  of  t he  h e a t f n g  
u n f t s :  t he  hea t  c o n t e ~ t  per  u n f t  of  the f u e l s ,  $.he c o s t  par  unit of 
t he  f u e l s ,  and t h e  hour ly  h e a t  Loss  of t he  house under des ign  
tempepa tare c o n d i t i o n s ,  The formula then becomes: 

Fkel  c o s t  for perfod -- 24 x hourly desfgn he85 loss o f  house - 
a e  s i g n  t e m p e ~ T ~ r a  d i f  ferenecg 

x degree-days f o r  per iod  x cost e r  u n i t  o f  f u e l  
Zficsi lency of  h e a t i n g  unf t d ~ k - 5 ~  of f u e l .  

The ~ e l a t ~ i v e  cos5s  of h e a t h y  w i t h  d i f f e r e n 5  f u e l s  may be 
known from l o c a l  sxpsrfencfi,  However, when nsw f u e l s  or. sources  of 
eneygy a r e  suggestud o r  be.come a v a i l a b l e  f o r  house h e a t i n g  i n  a n  
a r e a  there a r e  o f t e n  c o n f l i c t i n g  op in ions  a s  t o  c o s t s  r e l a t i v s  t o  
fuels i n  common u s e ,  which c a n  be ~ e s o l v e d  by caPcu la t lon  using 
t h i s  r e l a t i o c s h S p u  

A l l  of t h e  fnfc rmat fon  r e q u i r e d  f o ~  the c a l c ~ l i a t f o r r  is 
readf  l y  a v a i l a b l e  except  t h e  hour ly  des lgn  hea t  l a s e  a t  the des ign  
ternperatup6 dif ferance, ,  Thfs  r e q u i r e s  a  s e p a r a t e  c a l c u l a t i o n  and 
I s  g e n e r a l l y  consfdered  independent o f  t h e  t y p  of heating system o r  
f u e l  used ,  The des ign  h e a t  l o s s  o f  the  house ilr, B r i t f  sh thermal  



u n i t s  (B,~,u,) p e r  hour can be r e a d i l y  determined by a heating 
eng inee r ,  The t r ade  a s s o c f a t i o n s  i n  bo th  the w a r m  a f ~  sr,d steam 
and h o t  wate r  h e a t f n g  i n d u s t r i e s  have publ i shed  manuals cover ing  
t h i s  type of c a l c u l a t i o n  and f t I s  c a m f e d  ou t  r e g u l a r l y  by many 
of t h e i r  members, 

By way of i l l u s t r a t f o n  Table 1 g i v e s  t h e  degree-days pep 
yeay  f o r  some Canadian c i t i e s ,  TabPe 2 gives  a  yange of t y p t c a l  
e f f i c i e n c i e s  f o r  d i f f e r e n ?  hea t fng  u n i t s  and Tabla 3 g i v e s  the  
h e a t  c o n t e n t  p e r  u n l t  f o r  some f u a l s O  Data in Tables  E and 2 
have been taken from the  AoSoHoAoEo 1956 Guideo The data  in TabPe 
3 on o f 1  and g a s  have come from the  same source whele those  fay 
c o a l  were ob ta ined  from t h e  Dominion Coal Board, With d f p e c t  
e l e c t r i c a l  h e a t l n g  an e f f f c f e n c y  of 900 pep c e n t  can be assumed, 
Tham a r e  3415 Botouo pe r  k i l o w a t t - h o w ,  

Table 1 

A v e ~ a g e  Yearly  D ~ k e  - 

V ~ ~ C Q U V B P ,  B O C O  I;',. 230 Ottawa, Onto 8,830 I 
V i c t o r i a ,  B o C o  

Edmcnton, Al ta  , 

Calgary,  A l t a ,  

RegLna , Sa sk, 

Saskatoon,  Savko 

Winnipeg, Man, 

Church3-11, Man, 

Toronto , Ont 

M s n t ~ e u P  , Qua, 8,130 

Quebec Cf ty ,  Qkzo, 9,OTO 

F r e d e ~ i c t o n ,  NaBo  8 , B j O  

SaYnxt John, N o B o  8,380 

Hal i fax ,  N u s o  '70570 

Sydney, NoSo 8,220 

Char lot te town,  P o E o I o  8,380 

S t o  J s h Q s , N f l d o  8,780 



Approximate Seaaona l  Ef f ie fenc ies  (per  cent) 
-* 

-- - 
Gas, designed unft 75-80 Anthracf t e ,  hand fired 60-80 

Gas, conversion u n i t  60-80 w%th c o n t r o l s  

O f  1, desfgned un i t  65-80 Anth rac i t e ,  hand f i r e d  50-65 

oil conversfon u n i t  60~80 wlthout controls I I 
I Bituminous c oaP, hand ff red A n t h m c i t e ,  s toker  fired 60-80 

wf th cont ro l s  50-65 Coke, hand f i r e d  w i t h  60-80 

Bituminous c o a l p  hand fired c o n t r o l s  

without controls 40-60 Coke, hand F i r e d  50-65 

Bituminous coal, ~ t o k a ~  wf t - h o ~ t  c o n t r o l s  

Table 3 

App~oximate C a l o ~ f f l c  Value8 of Heating F2183.s 

013. Number E - 138,800 t o  232,900 ~ ~ t ~ u ,  per t ~ ~ 3 ~  ga l lon  9 

Numbe~ 2 144,300 t o  ljs,800 Bot ,?. par  U.So gallon 31 

Gas Natura l  gas - 1129 Botoaro pep cuo fto 

Propsne comrnercSal ( n a t u r a l  g a s )  2558 Boto~a pep @uo f t o  

Butane comrnel.efal ( n a t u ~ a l  g a s )  3220 S o t o u o  per @uo f t o  

Coal MarPtirne bftumfnoua -- 13,500 Botouo per  Ibo 

UoSo Anthraci te  13,200 Botou, per  ~ b ,  

DrumheSler bf tuminous 90,000 Bot,uo per  l b ,  

Edn~onton bi tuminous  9,000 Botouo per l b ,  

McLeod  rive^ bft.-minous 13,000 Bocuuo pera I b ,  - - 
* To obtain heating value in Botouo per  I m p e ~ i a l  gall03 multiply by 1,2 



I n  choosin& t h e  h e a t i n g  niedium, ( a i r , ,  w a t e ~ ,  ola s team) c o s t  
i s  u s u a l l y  t h e  ninjor f acko r ,  s i n c e  t h e r e  need be little d i f f e r e n ~ e  
i n  cor~venfence o r  oornforpt a t t ~ f b u t a b l e  t o  the heat ing  medium, 
When p r o p e r  des ign  procedures  ape used i t  i s  now p o s s i b l e  t o  
ach ieve  a  r e l a t i v e l y  high degree  of  refinement in comfort  
c o n d i t i o n s  r e g a r d l e s s  of  h e a t i n g  medium, Other  t h i n g s  befng 
e q u a l  t h e  cho ice  of h e a t i n g  medium t hen  depends on t h e  r e l a t i v e  
c o s t  of the l e v e l  of  comfor t  ddasl-~ed, 

lllhether a systetn u s e s  f o r c e d  c i r c u l a t f  on o r  g r a v i t y  
c i r c u l a t t o n  is a  m a t t e r  of ba lanc ing  c o s t  ve r sus  eomfcr's, o t h e r  
t h i n g s  being  e q u a l ,  more r s f fncment  i n  comfcrt can b e  achieved 
when p o s i t i v e  c i r c u l a t i o n  i o  employed,, There may b6 o the r  f a ~ t ~ o r s  
influencPrig Che eho'lce of h e a t i n g  medlum - f o r  example fo read  h o t  
wat-er sys tams may provide  Power n o i s e  l e v e l s  than  f c r c b d  warm a f r  
systems while f o r c e d  w a r m  a f  r systems ~ e a d l l y  permit  humidif 1 c a t i o n o  
However t h e s e  f a c t o p s  a r e  g e n e r a l l y  subord ina t e  t o  c o a t ,  

s t a t e d  p r e v f o u ~ l y ,  h e a t i n g  systems a r e  sometimes classed 
a s  t o  df s t r i b u t f o n  systam .- t h a t  I s ,  t h e  nianner i n  which t he  h e a t  
i s  t r a n s p o ~ t e d  an d  gfven t o  t h e  rBoomo The type of d f v t r i b u t f o n  
sys t em t o  u se  t o  ach ieve  a  gfven l e v e l  of comfort p o a s i b l y  depends 
more or1 s t r u c t u ~ n l  d e t a f  1s than  on o t h e r  fac. t ;orso C o n v e r s e l y ,  the 
degrae  of comfort  a t t a i n e d  with c e r t a f n  t y p e s  of s t r u c t u r e s  depends 
t o  a l a r g e  e x t e n t  on the type  of d l  s t ~ f b u t f o n  system used, For 
example, w i t h  a  slab on grade  s t r u c t u r e  i t  becomes necessalruy t o  
i n t ~ o d u c e  h e a t  i n t o  t h e  s l a b ,  p a r t i c u l a r l y  a t  the  p o r f m e t e ~  of 
the b u i l d i n g ,  if r ea sonab ly  good comfort c o n d i t f o n s  a r e  t o  be a t -  
t a i n e d ,  This s u g ~ e s t s  a pane l  o r  a  per inie ter  t y p e  of d i s t r i b u t i o n  
sys tem,  Slmil ; rar ly ,  wl th  a house buf l t ;  over  a cl-awl space  it 
5acomes n e c e s s a r y  t o  i n t~sdu! ; e  h a a t  t o  the f l o o r  and a t  t he  
p e ~ f r n e t e r  of t h e  building to  produce 1~e1et.f v s l y  good comfort 
conditions, I n  the c a s e s  j u s t  c i t e d  o t h e r  t y p e s  of h*zlat 
dfstributlon may provide  a much lower l e v e l  of comfort a ~ d  i n  
balanc ing  c o s t  a g a f n s t  comfol-t the choice  may be between vexmy good 
and vury p ~ o r  comfort e o n d i t i o a s o  I n  a house with h e a t e d  basement 
and well  i n s u l a t e d  wall2, on the o t h e r  hand, t h e  mal-aar i n  v~hPch 
t h e  h e a t  l a  Fr:traduced t o  a room may no t  be 80 ~ 1 - l t l c a 1  with 
rega rds  comfors,  If t h e  walls arze poor ly  insulated or. f f  t h e r e  
a r e  l a r g e  window a r e a s ,  howevijlr, the  rnanner of h g a t  d i s t r . fbu t io r i  
a g a i n  becomes c ~ i t i c a l  w i t h  r e s p e c t  t o  c ~ m f o r t  and f o r  r e l a t i v e l y  
good comfor t  c o n d i t i o n s  the hea t  must be i n t ~ o d u e a d  a t .  the source  
of high h e a t  P o a s ,  



SYS'PIEM DESIGN 

I n  t h e  fo rego ing  an at.tempt 1x1 s been made t o  d e a l  v e ~ y  
g e n e r a l l y  wi th  some of t h e  f a c t o r s  that,  may i n f l u e n c e  the 
s e l e c t i o n  of  one t y p e  of h e a t i n g  system o r  ano the r ,  Regardless  
of how c a r e f u l l y  t h e  system i s  s e l e c t e d  t h e r e  w i l l  be no guaran tee  
of achieving: t h e  d e s i r e d  r e su l f , s  u n l e s s  the system i s  prope r ly  
desf  gned, The proper  o n g i n c . e ~ i n g  des ign  of house hea t l n g  ~ y s t e r n s  
cannot t h e r e f o s ~ e  bs over~~emphasizedl ,  This  i s  u s u a l l y  the 
respcl-nsibf If fyy i n  t h e  f i r a t  i n s k a n c e  of' t h e  h e a t i n g  c o n t r a c t o r ,  
u n l e s s  a q u a l i f i e d  o n g i n s e ~  i s  employed, but  u l t i m a t e l y  t h e  
pe r fo~manc~e  of the system becomes t h e  r o s p o n s i b f l i t y  ~f the  house 
buf Idsr. Tlif a does not  maan t h a t  'the house b u i l d e r  xsed kncw the  
d e t a i l s  of h e a t i n g  system dssfgn p ~ o c e d u ~ e  bu t  he should know what 
i s  g e n e r a l l y  invoPved,  

Thore is no longer  any reason t o  acc .ept  any th ing  b u t  a 
prope r ly  designed system s1nc:e t he  . t rade a s s o c i a t i o n s  i n  bo th  the  
wa7n a i r  and h o t  wate r  and  s t eam heating i n d u s t p i e s  have mada 
a v a f l a b l e  t c  t h e f r  members des ign  manuals t h a t  aye based OTr sound 
eng inee r ing  pr ixcf  phe a, Fulz~hep~ cour ses  a r e  given t o  t h e  member- 
s h i p  or, the proper  use of these  des ign  mariuals and on t h e  l a t e s t  
developments 212 'the tx jade, 

The design of' t h e  sys tem,  once it has been s e l e c t e d  a s  t o  
type involves c e r t a i n  o t h e r  d e f l n i t e  s t e p s ,  The h e a t  l o s s e s  of 
each room, f o r  t h e  w i ~ t e r  o u t d ~ o ~  des ign  temperature  of t h e  
l c c a l f t y ,  must be c a b ~ u l a t e d ~  To do t h i s  t h e  c o n a t r u c t f o n  of t he  
o u t s i d e  w a l l s ,  yoof and  f l o o ~  and t h e  d e t a i l s  of windows and doors 
must be known so t h a t  the  proper  h e a t  l o s s  f a c t o r s  f o r  t h e  determf- 
n a t i o n  of h e a t  l o s s e s  by b o t h  h e a t  t ransmfes ion  and a i r  leakage ean 
be s e l e c t e d ,  The sizes and l o c a t i o n s  of the  registers, r a d i a t o r s ,  
convec tors  o r  o t h e r  means of i n t roduc ing  hea t  t o  $he rooms must 
then be s e l e c t e d ,  The c a l c u l a t e d  h e a t  l o s s  f c r  each room 5s  t hen  
used i n  proparby s i z i n g  the 0 t h ~ ~  components of t h e  hea t  d f s t ~ i b u t i o n  
systems so  that each  room will ~ e c e f v e  t h e  proper  amount of h e a t ,  
Thf s i s  the on ly  way t o  ensu re  t h a t  each room can  be adequate ly  
hea ted ,  

The t o t a l  ~8. l .c ;ula ted heat boss  for t h e  house is then used in 
s e l e c t i n g  the ppopap s l e a  of h e a t i n g  u n i t ,  Hare agafn  proper  sizfng 
1s most important;, The r e s u l t s  cf under~.-s tcfng are  obvilous, The 
u n i t  If opera ted  normally will f a r 1  t o  b r rng  the  house t o  the 
desired t empera ture  dur ing  pe r iods  of c o l d  weathea, T h i s  w i l l  
o f t e n  r e s u l t  i n  f o r c i n g  or o v e r - f i r i n g  of the u n S 9  w i t h  consequent 
r educ t f  on in servic.ei l i f e ,  h e r e a s e  I n  f u e l  and repafrl c o s t s ,  and 
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t he  c r e a t i o n  of  a  f i r e  hsza rd ,  The r e s u l t s  of  over -s fz ing  of  
u n i t s  w i t h i n  l i r l ~ i t s  a r e  n o t  u s u a l l y  so s e r i o u s ,  p a ~ t . i c u l a r l y  if 
t he  1.at.e of firjng c a n  be made c o r r e c t  f o r t h e  house,  The rnajop 
d i a a d v a n t s ~ e  m q r  be a l?i.gher t han  neces s s ry  f i r s t  c o s t  and, i n  
general.:, l e s s  satisfacto~y comfort condf t ions  than wlth a p rope r ly  
s l a e d  u n i t o  

UNIT CAPACITY AND EFFICIENCY - 
The s i z e  o r  c a p a c i t y  of a  u n i t  i n  g e n e r a l  r e f e r s  t o  the  

q u a n t i t y  of hea t  a v a i l a b l e  f o r  space hea t ing ,  u s u a l l y  a t  the out- 
l e t  from the  u n i t ,  The c a p a c i t y  r a t i n g  of  a  u n f t  i s  determined I n  
some c a s e s  from e m p i r i c a l  r a % i n g  equa t ions  a s  w i t h  s o l i d  f u e l -  
f i r e d  warm a i r  f u ~ n a c e s  and some ho t  wate r  b o i l e r s o  In other. c a s e s  
the  c a p a c i t y  r a t i n g  i s  determined by t e s t *  With o i l  and g a s  f i r e d  
warm a i r  f u r n a c e s  t h e r e  i s  such a  v a r i e t y  In des ign  t h a t  each type  
must be t e s t e d  t o  o b t a i n  a p roper  r a t i n g ,  

A t  p r e s e n t ,  i n  Canada, t h e r e  a r e  no gene ra l ly  accepted 
s t a n d a r d s  f o r  t h e  r a t f n g  of warm a i r  f u ~ n a c e s  a l t hough  work has  
been done toward t h e  development of such s t a n d a r d s ,  I n  any t e s t  
f o r  c a p a c i t y  there a r e  vfi r ious  c r i t e r i a  used t o  determine the 
maximum pe rmis s ib l e  f u e l  Inpu t ,  For example limits may be p laced  
on the  maximum a l lowable  temperature  of fu rnace  components and of 
f l u e  gas  t empera tu re  o r  on t h e  maximum temperature  rise of t h e  
h e a t f n g  medium, Tes t  c o n d i t i o n s  under which t h e s e  a r e  ob ta ined  
v u s t  be c a r e f u l l y  s p e c i f i e d  and,  i f  comparisons a r e  t o  be made, 
s t a n d a r d i ~ e d ,  The h e a t  output  ob ta ined  a t  the  fisafng p a t e  whfch 
r e s u l t s  i n  any of tl-ase l l rn f t ing  ternperaturs3 ~ i @ ~ t  be consfdered  
t h e  r a t e d  c a p a c i t y ,  FOP example, 1000°F, is c o ~ s i d e r e d  the  
maximum a l lowable  opera%lng  bor~pera ture  of the s t e e l  o f t e n  used 
in manufacturing furnace  bodies ,  The r a t e d  capacLty t h e n  should 
be no h i g h e r  than  t1-m t ivhic'n i s  obta ined  a t  a f i r i ~ g  r a t e  wh3c.h 
r e s u l t s  i n  t h i s  l iml t . i r ag  t e m p e r a t u x  being reached ,  If t h e  
f f r ~ r , g  r a t e  were i nc reased  b e y o ~ d  t h i s  7oSnt t h e  u n l t  would 
provide  more h e a t  bu t  s a f e  o p e r a t i n g  temperatur3es f o r  t h e  furnace  
components would be exceeded,  It  i s  t h u s  Important  t h a t  the u n i t  
should have s p e c i f i e d  a  maximum f i r i n g  r a t e  and t h a t .  i t  , should 
not ba exceeded, 

Another f a c t o r  commonly r e f ' e ~ r a d  t ~ ,  and sometimes n o t  
a l t ogekhe r  understood, ,  by t h e  home owner f s the  e f f i c i e n c y  
r a t i n g  of a h e a t i n g  u n i t 4  E f f i c i e n c y  f s merely the percen tage  of  
t he  t o b a l  hea t  content: of  t he  fuel b u ~ n e d  t h a t  i s  a v a i l a b l e  f o r  
h e a t i n g  t h e  home, Because t h e r e  a r e  d i f f e r e n t  ways of d e f i n i n g  



what h e n t  i s  a v a i l a b l e  f o ~  hea t fng  t h e  home there aye  d i f f e r e n t  
k i n d s  of e f f i c 5 e n c y o  Two e f f i c i e n @ f e s  co~nmor~ly r e f s ~ r e d  t o  i n  
t he  case of - w a r m  a i r  un i . t s  a r e  combustion aff:ic.len-::y arid h o s n e t  
e f f i c i s n c y .  Tha :::ombustion e f f 1 c i e ~ c . y  conalders .%bat  only  the 
h e a t  in t h e  f i x e  g a s  e n t e r i n g  t h e  smoke p i ~ e  i s  n o t  a v a i l a b l e  
f o r  hewtlng,  Ths bonnet  e f f f c l e n c y  consider3s t h a t  h e a t  escap ing  
from the  furnace casfrig is a l s o  net, a v a i l a b l e  ~ G P  heating the 
home .. .in o t h e r  wor,ds, t h a t  on ly  the  k c a t  i n  the  a i r  l eav ing  the 
bonnet; i s  a v a i l a b l e  f o r  heaking 12-16 house,  Furmace cas ing  l o s s  
is o f t e n  of the  o r d a r  of 3 to 5 per c a n t ,  i n  whfch case  the 
combustion e f f i c i e n c y  would b e  tha t ,  much hlgher than the  bonnet  
e f f i c  ienoy,  

The combus.t i  on e f f  i o l e n c y  f s t-he most  r e a d i l y  measured 
s i n c e  i t  i n v o l v e s  only a knowledge of f l u e  gas composition and 
t empera ture ,  a l o n g  with t h e  chemical comp,osition of  the fuel, 
The f'ormer a r e  r e a d i l y  measured and t h e  latter i s  u s u a l l y  
a v a i l a b l e  i n  hand books, With oil OF gas  f i r i n g ,  combustion 
e f f i c i e n c y  depends on these three factors only - t he  amount of 
a l l -  a d m i t t e d  t o  the  fu rnace  f ~ r  combusSion p s ~ p o s e s  in excess of  
t hab  t h e o ~ e t f c a l i g  r e q u i r e d ,  the  completeness o f  eombuation, and 
t h e  amount c.f heat*  ~ s x t r a c t e d  f r ; ~ c ~  the f l ue  gases  be fo re  they l e a v e  
t h e  u n i t ,  Th.e amount cf' a i r  admit ted shou ld  bs  such t h a t  e s s e n t i a l l y  
cornplate combustion occurs - r;ncia~ these c o n d f t l o n s  t heye  w i l z  be 
littie o~ no smoke f n  t he  f l r ia  g a s ,  Ti? o r d a r  t o  o b t a i n  t h e  
combustion e f f i c i e n c y  i t  i s  then only necessary  t o  determfne t h e  
e x t e n t  o f  exces s  a i r  admi t ted  ' t o  the fu rnace  and the degree t o  
whlch t h e  hea t  i n  the f l u e  gases  h a 3  been e x t r a c t e d  b e f o ~ e  l e a v i n g  
the u.rilt;, The ~ e r c e r i t a g e  of @09 i n  t h e  flue gas  f s commonly used 
a s  an index of excess a i r  arid t l ? e  iemperatu~e cf the f l u e  gaa  : fa 
used a s  an  Index  of h e a t  sx%~astIon, Knowing these ~ W G  f a e t o ~ s  
along with  f u e l  compositfi~ i t  is then p o s s i b l e  t o  cal.culstc;. 
combustion e f f  ~ c i e n c y .  Graphs  of t he r2ela t . ionship  between GO2, 
f l u e  $as temperature, ,  and sfflcrfenog a m  ava'FPable to aimp2if"y the 
determina.t?"or:. These graphs w i l l .  show t h a t  e f f f ~  iency increases 
1.~1 th f n c r e a s i n g  percextage C O P  ( s o  i o z g  a s  eombuatlon is complete)  
and w i . t , h  dec reas ing  tompera tu55,  

There ape def i r ~ i b e  p r a c t f  c a l  limita tf ons in kh6  eff9 ,cfeney 
t h a t  can 'be ob ta ined ,  For. examp:l.e, t he  t h o o . ~ s t - i c a l  max5.mum 
percex-it.ags C 0 2  ifi t h e  f l a a  gas  f o r  012 f i r i n g  i.6 16 p s r  sento  
This 1 s  the GO2 t h a t  would o c c u ~  if' no excess  slfr  were requi red  
f o r  complete @ O ~ ~ U S ~ ~ O ~ A ~  In prac t . i ce  c o n a i d e ~ a b i e  e x c e s s  a l p  5s  
r e q u i r e d  f o r  complete coriibustfon and a percen tage  C02 of 10 t o  1 2  
p e r  cent  is seldom exceeded In  o i l .  .firing without  Pncompleta 
combuatioL, u s  i n d f c a t e d  by t h e  formatfox.. of amokeo 



the  f l u e  gas t ampera twe  cac-?)e  reduc.ed, Viii;h modern oil a n d  
g a s ' - f i r e d  u n i t s  fl t le ,gas t ernperat~lres  a s  low a s  1.1.00~~~ or sOOCFo 
arSa slot unc onllnofi G ,  sorne ga s burn in^ u n i t s  arid a few 0%: b1;~rling 
u n t t s  may provide f l u e  6 a 3  t empera tures  a s  low a s  30C0F0 at, 
r a t e d  c a p a c i t y ,  However, even tomyerat-ushas a s  h igh  a s  t h e s e  may 
sometinies l e a d  t o  d i f f i c u l t i e s  a snoc la t ed  w f t h  low f lue  g a s  
t e m p e ~ a t u ~ a a ,  These d i f  f i c . u l t i e s  a r e  u s u a l l y  ~ f t h  r e s p e c t  t o  
vent1i;g cf bhe f l u e  gases  and a r e  t h u s  a s s o c i a t e d  w i t h  the 
c h i r i ~ e y ,  Very Pow f l u e  g a s  temperature may l e a d  t o  cond i t i ons  
o f  inadequate  o r  f l u c t u a t i n g  d r a f t  and t o  condensat ion on 
chimney s u r f a c e s  o f  t h e  w a t e r  vapour i n  t h e  f l u e  gas, 

Reference t o  cu rves  glvfng  the r e l a  t i o n s h i p  between C02g 
t empera ture ,  and cornbustfon e f f i c i e n c y  f o r  o f 1  f l . r fng  xfll show 
t h a t  w i t h  a C02 of 12  p e r  cen t  a n d  s f l u e  gas  temperature  of LCooO~, 
the  l o s s  i n  t h e  flue g a s  f s 3.5 per  c e n t ,  c o ~ r e s p o n d f n g  t o  a 
co~nbustfon e f f i c i e n c y  of 85 p e r  cent  - a l l owing  3 t o  5 pep can t  
f o r  c a s i n g  l o s s  t h i s  cor responds  t o  a bonnet e f f f c f e n c y  of 80 t o  
82 p e r  cen t o  Eff fc ier ic iss  higher  than  thBs a r e  p o s s i b l e  bu t  would 
be unusual  a n d ,  If quoted should be accompanied by s u b s t a n t i a t i n g  
eT;idenee, It should be kept  i n  mPnd that :  the e f f f c f e n c y  of a u n i t  
will v a r y  w i t h  t he  f u e l  i n p u t  and the  e f f i c i e n c y  quoted should be 
t h a t  ob ta lned  a t  the r a t e d  c a p a c f t ; y o  T e s t s  cil sevaiaai o i l - f i r e d  
fu rnace  u n i t s  manufactured and s o l d  i n  Canada have shown t h a t  a t  
f u e l  i r ipats  cor responding  t o  r a t e d  c a p a c i t y  some u n i t s  will have 
f l u e  gas  t s n ~ p e r a t u ~ e s  of the order  of 7Q0°F,, Wi%h a C 0 2  o f  12 
p e r  c e n t  t h i s  corresponds t o  a zombustion e f f f c i e n c y  o f  75 per  
cent and a bonnet e f f i c i e n c y  of somathlng less, 

\fifth w a r m  a i r  u n l t s  f i r e d  wizh g ~ n . ~ t . y p @  019 burners ,  
e f f  ic ier ic ies  Ira g e n e r a l  decrease wi th  f n c r e a s f c g  f i r i rag rateso 
Tlic; i t  i s  p o s s i b l e  t o  rnfsrep~esent,  t h e  c h a r ~ a c t e r f ~ t t a s  o f  a ilnft 
by quozfcg e f f i c f e n e i e s  f o r  f i r f f ig  p a t e s  l s s s  thac t.hose coprea- 
ponding t o  t h e  r a t e d  capacizy , ,  Unlta  f i r e d  m i t k -  vaporlxfng 
burne r s  o f t e n  show an i r icrease  in s f f i c i e ~ ~ c y  ; R I ~  t h  f fF5ng r a t e ,  A t  
t he  'nlghur f f r m g  r a t e s  vaporZzat ion of the oil 1 s  genera l ly  more 
complete w i t h  be t t ep  m X . ~ i r ~ g  ~f a z r  and o i l  so t h a t  lads;  excess  a i r  
i s  r e q u i r e d  f o r  s rnoke le~a  combustio:ao I n  t h i s  c a s e  it 13 p o s s i b l e  
t o  mis rep re sen t  t he  chtirac kerf stica of a c.ri2.v by quocirAg e f f f  - 
c i e n c i a s  f o r  f i rYng r a t e s  g r e a t e r  t han  those  which iviP% g e n e r a l l y  
occur  when t h e  u n i t  i s  ~ n s ' ; a l l e d ,  T h i s  lndfcatea t h a t  only 
efficiencies obta ined  under s t anda rd i zed  t e s t  e o n d i t  ions  a r e  
u s e f u l  f o r  purposes  of comparf son0  



I n  r e f e r r i n g  t o  the p r a c t i c a l  l i m i t a t i o n s  i n  reduc ing  the  
f l u e  gas t e m p e r a t u ~ e  of a h e a t f n g  uni t r e f e r e n c e  was made t o  
chimneys, The f l u e  g a s  vent ing  s)stem, i n c l u d i n g  the  chimney i s  
of course  ano the r  imyortant; component of h e a t i n g  systerns and a  
s u b j e c t  t o  which t h i s  whole d i s c u s s i o n  on hea t ing  systems c o s l d  
u s e f u l l y  be devoted,  

I n  consfder fng  the performance r e q u i ~ e m e n t s  f o r  chimneys 
one important  f a c t  t h a t  must  be recognized fs t h a t  chimneys a r e  an 
i n t e g r a l  p a r t  of the  h e a t f n g  s ~ ~ s t e r n  and p a r t i  cul .arly the  h e a t i n g  
u n i t ,  A s  f u r t h e r  re f inements  a r e  ma:le i n  t he  devalo?ment of 
f u r n a c e s  and b o f l e r s  i t  becomes i n c r e a s i n g l y  necessary  t o  t h i n k  of 
the  performance of one f n  ? e l a t i o n  t o  t h e  othep and ft becomes 
i n c r e a s i n g l y  important theperore  f o r  the h e a t i n g  c o n t r a c t o r  t o  be 
concerned w i t h  chimney des ign  8r.d l o c a t i o n ,  Tha day may come when 
chimnsys w i l l  be matched and s o l d  w i t h  tfie h e a t i n g  u n l t ,  

Minimum c o n s t r u c t i b n a l  requi rements  f o r  masonry chfmneys 
a r e  u s u a l l y  l a i d  down in b u i l d f ~ g  c o d e s  and s t a n d a ~ d s  and even 
minimum f l u e  s i z e s  a r e  sometimes s p e c f f i e d ,  The l o c a t i o n  of  t h e  
chimney however, i s  a  m a t t e r  of choice ,  one which u n f o r t u n a t e l y  i s  
o f t e n  made s o l e l y  on an  aesthetic b a s i s ,  For tuna te ly ,  due t o  the  
fmprovementa i n  heating system desfgn t h i s  does no t  o f t e n  r e s u l t  
i n  s e r i o u s  dEfP?toulty and perhaps t h e  main f a c t o r  r ega rd ing  l o c a t i o n  
which does  g i v e  t r o u b l e  i s  the  p l a c i n g  of masonry chimneys on out-  
s i d e  walls. Not on ly  does t h i s  s u b j e c t  t h e  chimney c o n s t r u c t i o n  
t o  a l l  t h e  s t r e s s e s  imposed on o u t s i d e  w a l l s  but i n  a d d i t i o n  makes 
i t  d i f f i c u l t  f o r  the cthimney t o  carny out i t s  n a i n  funct ion,  of  
prov id ing  adequate  d r a f t  f o r  t h e  p r s p e r  o p e r a t i o n  of t h e  h e a t i n g  
u n i t .  The d r a f t  provFded by t h e  chin-mey 1 s  dependent on the 
d i f f e r e n c e  between t h e  avers:-;e t e m p e r a t u ~ e  crf the flue gas f n  the 
chimney a ~ d  the outside t empera ture ,  VIirh chmm.eys on o u t s i d e  
w a l l s  high h e a t  l o s s e s  from the  f l u s  gas t o  oqesfde  r e s u l t  and the  
average temperature  of f l u e  g a s  i n  t h e  chimney 13 reduced propor t fon-  
a t s l y ,  The Divf s'ion has  r e c e n t l y  bean i i 2 ~ 0 l ~ e d  i n  f i e l d  i n v e s t f g -  
a t io r i s  c f  v e n t f n g  d f f  f f c u l t f e s  be ing  exper ienced w i t h  new coa l - f  i r e d  
warm a i r  systems,  both here and  i n  the  Niapara  pen insu la ,  These 
d l f f i c u l t i e a  were t h e  r e su l t .  o f  poor d r a f t  cond i t i ons  d f r e c t l y  
a t t r i b u t a b l e  t o  the l o c a t i ~ g  o f  the chlmneys on o i ~ t s i d e  w a l l s  and 
occdr red  a t  low f i ~ i n g  p a t e s  dur)ing r e l a t f v e i y  n:ild weather,  

There 5.3 p r o i ~ a b l y  les.: lj l telfhood of s i m f  l a r  ven t fng  
d f f f i c u l t i e s  w i t h  l i q u i d  and gapeous f u e l s  s i n c e ,  e x c e p t  f o r  
c e r  t a i n  vapor i z ing  burners ,  f iraf ng r a t e s  du r lng  "burnela -ongv perf  ods 
ape u ~ u a l l y  high r ~ o g a r d l e s s  of  weather cond i t fo r~ ; ,  Eowever, a s  



mentioned, f l u e  gas t e m w r a t u r e s  wl-th many modern f u r n a c e s  a r e  
a l r e a d y  clttf t e  l o ~ v  ar:d t h e  h e a t  l o s s e s  v ~ l t h  o u t s i d e  chi:nneys may 
be : :uff ' ic ient  t o  produce coi?densntior,  on t h a  l ~ ~ l d e  c.f chimney 
f l u e s .  Thf  s v ~ l l l  be a n  incroas-inc, problem a s  t h e  e f f i c i e n c i e s  
of f u r n a c e s  a r e  i n c r e a s e d ,  Condensat ion  prob1:ems w i t h  tile 

b u r n f n l  c5f g a s  a r e  mope a c u t e  t h a n  ~ 5 t h  o i l  a n d  one can  e l?vfsage  
some d i f f ' i c u l t f o s  w i t h  o u t s i d e  ch imne;~  i n  e ~ i s t ~ i n ~  homes 
c o n v e r t e d  t o  [;as f i r i n g  w h + ~ i  nats .~rral  ,gas be  c.crflrjs a v a i l a b l e ,  
Some ef the problsms experienced w f t h  masonry c h i x n e y s  a n d  ffr"3- 

p l a c e s  a r e  known t o  result frorn poor  workr~iansk~ip, E r l c k s  and 
chimney l i n e r s  may be improper ly  m o r t e r e d ,  Broken b r i c k s  and 
l i r e r s  a r e  sometimen used ,  S p s c S a l  c a r e  should  be t a k e n  t o  a v o i d  
such p r a c t i c e s  s i n c e  t h e y  may r e s u l t  n o t  o n l y  I n  d i f f i c u l t i e s  
w i t h  h e a t i n g  system o p e r a t r o n  b u t  i n  l o s s  o f  l f f e  and p r o p s r t y ,  

I INSTALLATT ON OF HEATING SYSTEMS 

If the h 6 a t i . r . ~  c o n t r a c t o r  h a s  used  ppopap e n g i n e e r i n g  
d e s i g n  praocedures In l a y i n g  ou t  t h e  sys tem and  f o l l o n s  this d e s i g n  
fr, his J c s t a l l a t j  or1 i t  i s  v e r y  l i k e l y  t h a t  the ~ y s t e m  w i l l  ~ r * o v f d e  
sa t .5  s f a c  t o r y  heatirlgo Ho'waver, seemingly small changos in t h e  l a y -  
o u t  o f  a system frolii t h e  o r f g f n a l  des ign  du~ing installation can  
cause  r e a l  d i f f i c u l t i e s ,  A s  a  sfmple examp;e, ?uppose t h a t  i n  
i n s t a l l i n g  a warm a h  branch d u c t  S t  was found n e c e s s a r y  t o  go over  
a  beam and down a g a i n  with f o u ~  90° sharp 61bovi~ and t h a t  th3-s had 
n o t  been  r e a l i z e d  Xn t he o r i g i n a l  d e s i g n ,  The l e n g t h  of s t r a i g h t .  
duc t  assumed i n  the d e s i g n  c o v e r i n g  t h e  same h o r i z o n t a l  d i s t a n c e  a s  
t h e  f o u r  e lbows n~ight have  been o n l y  two f e e t  whereas t h e  f o u r  
e lbows would have a  m s l s t a n c e  t o  f low e q u i v a l e n t  tc 1 2 5  f e e t  of' 
s t r a i g h t  d u c t ,  Thf s might be of t h e  same o ~ d e r  a s  tha e q u i v a l e n t  
l e n g t h  o r i g i n a l l y  assumed f o r  t h e  e n t i r e  branl:;tl, This d o u b l i n g  of 
t h e  ef  f a c t i v e  l e n g t h  o f  t h e  b r a n c h  would cause  a n  a p p r e c i a b l e  
r e d u c t i o n  i~ a i r  flow through t h s  branch  a.nd might  l e a d  t.o under- 
h e a t i n g  o f  t h e  room beins  s e r v e d ,  If t h e  e.'lbov~s were t a k e n  into 
accoun t  in t h e  o r i g i r i a l  des ign  o r  if the d e s l g n  were c o r r e c t e d  t o  
meet job c o n d i t i o n s  t h e  p o s s f b i l f t y  of  uncierheat,lng from this 
c a u s e  would, of  oourso ,  no t  a r i s e o  

Changes in c o n s t ~ u c t f o n  from t h a t  assumed i n  cal(-:l-llatfng 
h a a t  l o s s a s  and s i z i n g  fuhe d i s t r i b u ~ i o i ?  sys tem can a l s o  l e a d  . to 
d i f f i c u l t ' i e c ; .  For example, on sl t e  changes  I n  size and type o f  
windows c o u l d  e a s i l y  r e s u l t  i n  d o u b l i n g  o f  t h e  h e a t  l o s s  of  a 
livlng room wf th  t h e  p o a s i b i l l t y  o f  underhua t i n g ,  S o ~ e t i m e s  a f t e r  
c o n s t r u s t i o n  h a s  begun i t  i s  d e c i d e d  t o  b u i l d  a room o v e r  an  
a t t a c h e d  g a r a g e  and it i s  n o t  u n u s u a l  f o r  such rooms t o  be under-  
h e a t e d  a s  a  result; of f a i l u r e  t o  r e d e s i g n  t h e  h e a t i n g  systemo 



Thf s mere ly  ser .ves t o  emphasfza the impor tance  o f  a  knowledge of  
e n g l n e e r l n g  design p ~ i n c i p l e s  by t h e  h e a t i n g  c o n t ~ a c t o ~ ,  
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)lost rnunlc ipal  codes  and CMHC s t a n d a r d s  have def  f n i t e  
c leara izce  and noun t ing r e g u l a t i o n ;  f o r  component s  o f  the  h e a t i n g  
sys tem,  C l e a r a n c e  and  m0UliLing r equ i r emen t s  have i n c r e a s e d  i n  
impor tance  and complexi ty  w i t h  davelopment s i n  h e a t i n g  equipment 
and t h e  t r e n d  towarad srnai ler  homes w i t h  g r e a t e r  u t i l i z a t i o n  o f  
s p a c e ,  

Mos* codes  and s t a n d a r d s ,  i n c l u d i n g  t h e  N a t i o n a l  Bu i l d ing  
Code and C e n t r a l  Mort.gage and Housing Corpo ra t i on  S t anda rds ,  have 
f o l l o w ed  pub l f shed  ~ e q u i r e n l e n t s  of  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  and tha Na t iona l  '3~:ard of  F i r e  Underwr i t e r s  , The s s  
d e s c r i b e  a t anda rd  c l e a r a n c e  a n d  mcuriting a r rangements  whfch a r e  
acceptz ib le ,  R e s p o n s f b i i f t y  fo?  d e e i s f o n s  w i t h  r e s p e c t  t o  non- 
s t a n d a ~ d  ar rangsment  s, t h e r e f o r e ,  a r e  u s u a l l y  l e f t ,  i n  munfc i p a l  
codes ,  t o  t h e  d i s c r e t i f > r ,  o f  t h e  b u i l d i n g  i n s p e c t o r  o r  o t h e r  
a u t h o r i t y  havir,g j u r l s d i c t i o r l ,  Thf s ha s  p l aced  a df f f f c u P t  
r e  spons ib f  li t y  on t he  building i c s p e c t o r  i n  vf em: o f  new develop- 
ments  in hea t ing  equipment a n d  p r a c t i c e ,  Thfs s i t u a t i o n  i s  bofng 
r e l i e v e d  somewhat by  the  davelopment of equipment s a f e t y  s t a n d a r d s  
t h r o u g h  bo th  t h e  Canadian Sbandards A s s o c i a t i o n  and t he  TJnder- 
w ~ i t e r s  L a b o r a t o ~ f e s  o f  Canada, Thus i t  w i l l  be p o s s i b l e  f o r  t h e  
buf l d i n g  I n s p e c t o r  t o  ~ e f e ~  t o  t h e s e  s t a n d a r d s ,  when publf  shed, 
i n  de texdn~infng the  accep t ab f  l i t y  o r  o the rw i se  of' arlrangement s n o t  
p r e s e n t l y  covs rad  i n  most munlc i p a l  b u i i d f n g  code s o  

The Canad ian  Standax3ds A s s o c i a t i o n  Labonaatory and t h e  
Canadfan Unde rw~ i t . a r  u Laborat  o r g  bo th  c a r r y  ou t  t e s t s  tvfth r e s p e c t  
t o  the  s a f e t y  of  h e a t i n g  u n i t s  and PabaS t h e s e  u n i t s  a s  meet ing 
t h e i r  l a b o r a t o r y  r e q u i ~ r m e n t  s These l a b e l s  t h u s  do n o t  i n d i c a t e  
a n y t h i ng  w i t h  r e s p e c t  t o  t h e  e f f f e i e n e y  of a  u n i t  The s i g n i f i c a n c e  
of t h e  l a b e l s  o f  these organizations w i l l  be more appa ren t  when the  
s t a n d a ~ d s  which they f o l l o w  a r e  pub l i shed ,  

ADJUSTMENT OF HEATING SYSTEMS 
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Iviany of t he  p o t e n t i a l  advan tages  of c a r e f u l  s e l e c t i o n ,  
d e s i g n  and i n s t a l l a t i o n  o f  t h e  h e a t i n g  sys tem w i l l  n o t  be r e a l i z e d  
i f  t h e  s y s t ~ n l  f s  n o t  p roperby  a d j u s t e d  by t h e  h e a t i n g  c o n t r a c t o r  
a f t e r  i c s t a l l a t f ~ n ~  For  a u t o m a t i c a l l y - . f i r e d  f o ~ c e d  c f ~ c u l a t f o n  
systems t h f  s  shou ld  i n c l u d e  bo th  a d ~ u s t m e n t  of  t h e  bu rne r  for 
effYc i e n t  combustion and ad jus tment  of the  d i s t r l b u t f  on system and 
c o n t ~ o l s  f o r  maxfmlmm comfort ,  



Adjus t i ng  burner  o p e r a t i o n s  f o r  e f f i c i e n t  c o r n b ~ s t i o n  
i n v e l v e s  measin-ements o f  smoke, C 0 2 0  tempora tu r .o ,  and d r a f t ,  
H e l n t l v e l y  a c c u r a t e  field fnskruments t o  make t h e s e  mgasurements 
a r e  now a v a i l a b l e  and should be used by a l l  h e a t i n g  c o r , t ~ a c t ; o r s ,  
A s  a l r e a d y  no ted ,  o b t a i n i n g  maxfn~um combustion e f f i c i e n c y  invo lves  
ad jua tn~er i t  of ccrrnbustfon a i r  supply  t o  a t t a i n  maxfn~urfl pe rcen tage  
CO, (.i,a, minimum exces s  cf a h )  b u t  wi th  complete cczribustion a s  
evtdenced by e s s e n t i a l l y  smokeless combustion,  

An important  5+ep i l i  t h e  adjus tment  o f  t he  ~ L a t r i b u t i o n  
sgst.ern with f o r c e d  warm a l p  h e a t i n g  i n v o l v e s  ba lanc ing  o f  t h e  a i r  
fiow i n  the branch d u c t s  t o  t h e  - ~ a r f c u s  rooms so t h a t  each r e c e i v e s  
~ t s  proper  p r o p o r t i o n  c.f the  h e a t  s u p p l i e d  by the fu rnace ,  Thfs i s  
accomplished by s s t t f n g  of t h e  dampers i n  t he se  d u c t s  I n  accordance 
w i th  m3esured yoom a i r  ternparatures  o r  ~rleasured a i l .  volumes a t  t h e  
regf  s t . e r a ,  Comparable ad jvstment s can be made mi t h  h o t  wa t a r  
h e a t i n g  sya tams ,  Where the  supply  r e g i s t e r s  have hd jus t a S l e  vanes 
f o r  d i ~ e c t f n g  tho a i r  flow thesa  should he s e t  t o  provide  t h e  most 
s a t i s f a c t o r y  a i r  f l o w  p a t t e r n  f o r  t h e  room, 

It i s  g s n e r a l l y  concodad t h a t  with waym ail-  h e a t i n g  t h e  
mere con t inuous  t h e  blower o p e r a t i o n  che g r e a t e ~  t h e  d e g ~ e e  of 
c o m f o ~ t  ach ieved ,  One s t e p  i n  Pengthening t h e  blower-on p e ~ i o d s  
is t h e  a d j u s t v e n t  of bloiver speed t o  l i m i t  a f r  f low through the  
system t o  a n  op t im~rn  v a l u e ,  I n  a t y p i c a l  system used f o r  w in t e r  
h e a t f n g  on ly  ( n o t  summer c o o l l n g )  t h e  blowera speed should  bs  s e t  
s o  t h a t  the  r i s e  i n  tempsrature  of th.: c i r c u l a t i n g  a4r. pass ing  
th rough  the furmace Ps  a p p ~ o x f m a t e l y  100°F, S e t t i n g  of t h e  
blower s u l t o h  c o n t r o l  i s  a second impor tan t  s t ep ,  The blower 
swicch should be set. t o  s t o p  t h e  blower. at.  the lowes t  r e g i s t e r  
a i r  temperature  poss;ble v ~ f t h o u t  eaus lng  an uncomfortable f e e l l n g  
of a i r  movement I n  t h e  l i v i r \ g  zone, Thfs rEay be a s  low a s  60°F 
w i t h  some s y s t e m s ,  The d i f f e rnen t f a l  on the  blowe-~. switch should 
be se t  so t h a t  t h e  b lower  c . ~ t - , i n  t empera turs  i s  approximate ly  
15°F h ighe r  $ban r h e  cu->-cut t ampera ture ,  

The t r a d e  aa soc i a t i c ;n s  i n  b o t h  t h e  warm a i r  and h o t  water" 
and steam indus%rjtr.s i a s u e  ins t l -uc , t ions  on t he  ad3ustrnen.t; of 
h e a t l a g  systems,  Good h e a t t r , ~  c  on t r zc  t o r s  w i i l  t h e ~ e f o r s  be 
f'arnili ar- inrltl.1 proper  a d  justmeat  p rocedures  ,, 

It f a  t h e  func t io r i  cf t h e  house h e a t i n g  sys3em t o  provide  
condftions of the rmal  comfort w f t h i n  t he  P f v f n g  space dur ing  t h e  
h e a t i n g  a s a s o n ,  The ease  w i t h  wl?ich it can ovsrsome tha h e a t i n g  
l o a d s  im?osed on i t  and p ~ o v f d e  c o n d f t i o n s  of comfort  depends on 
the t h e r m a l  c h a r a c t s ~ i a t f c s  of t h e  builldfng e r ~ c l o s u ~ s ,  Iri carrying 
out 5 t s  p ~ i r n e  funrotion, t k e  h e a t i n g  system should  be economfcal, 
~ e l i a b l e  a n d  ~ a f a ,  



The proper s e l e c t i o n  of the type of system r e q u i r e s  a 
knowledge of c o s t s  and parforrnanca o h a ~ a c t e r i s  t i c s  since i n  
general  the s e l e c t i o n  o f  t he  type  of system becomes a problem 
of balancing c o s t  a g a i n s t  comfort and convenience, To achieve 
an acceptable  l e v e l  of ciomfort the type of  d i s t r i b u t i o n  system 
employed may be e r i t f c s l  w i t h  c e r t a f n  types of cons t ruc t fon ,  

I n  orde r  t o  kchif ive s a t f  s f a c t o r y  operatSon wf t h  any 
car- ta inty,  the hentifig system must be designed on an engfnaering 
b a s i s ,  There i s  no reason t o  accept anything l e s s  s ince  t h e  t ~ a d e  
a s s o c i a t i o n s  i n  the heat ing  f i e l d  provide design manuals and 
courses  of i n s t r u c t i o n  ba a s d  on engineering p r  inc i p l e  s o  The 
design of the sys-t;em not only ~ n v o l v e s  proper s e l e c t i o n  and lay- 
ouz of the system but  a l s o  proper s e l e c t i o n  of the  hea t ing  u n l t ,  
A knowledge of the impl ica t ions  of hea t ing  u n i t  c a p a c i t y  and 
e f f i c i e n c y  i s  necessary,  It should noi; be fo rgo t t en  t h a t  t h e  
chimney t o o  i s  an important part  of t h e  hea t ing  system t o  be 
cons i  dered i n  the over -a l l  design, 

Seenlfngly s m a l l  changes i n  the l a y o u t  of the  system from 
t h a t  assumed in the o r i ~ b n a 2  desfgn which may be necess f t a t ed  by 
job condi t ions  can seriously a f f e c t  system performance, These 
should be c a r e f u l l y  watched and where necessary the  desfgn correc ted  
t o  t ake  these  changes i n t o  account ,  Adjustment of t h e  hea t ing  
ay3tem f o ~  e f f i c i e n c y  and hea t  d i s t r i b u t i o n  i s  a most important 
aspect of hea t ing  system i n s t a l l a t i o n  and may mean t h e  d i f f e rence  
between s a t 1  s f a c t o r y  and u n s a t i s f a c t o r y  per fo~mance ,  


