




NEW DESIGN OF CENTRAL U N I T S  I N  A I R  HEATING SYSTEMS 
FOR HEATING AND V E N T I L A T I O N  I N  DOMESTIC B U I L D I N G S  

S y n o p s i s  

I n  c e n t r a l  u n i t s  o f  a i r  h e a t i n g  s y s t e m s  t h e  s u p p l y  
a i r  f l o w  m u s t  mee t  t h e  a c t u a l  h e a t i n g  demand. M o s t  o f  
c e n t r a l  u n i t s  f o r  a i r  h e a t i n g  s y s t e m s  have  o n l y  one 
f a n ,  w h i c h  i s  d e s i g n e d  f o r  t h e  maximum a i r  f l o w  a t  
t h e  maximum h e a t i n g  c a p a c i t y .  Fan m o t o r s  a r e  d e s i g n e d  
f o r  v a r i a b l e - v o l  t a g e - d r i v e  t o  e n a b l e  a  r e d u c t i o n  o f  
a i r  f l o w  t o  t h e  n e c e s s a r y  v a l u e  a t  d i f f e r e n t  h e a t i n g  
demands. However ,  t h e  e l e c t r i c a l  e f f i c i e n c y  i s  de -  
c r e a s i n g  s t r o n g l y .  The s u p p l y  a i r  . f a n  i s  w o r k i n g  
m o s t l y  u n d e r  p a r t - l o a d  c o n d i t i o n s .  T h e r e f o r e  t h e  c o n -  
t r o l  s t r a t e g y  u s e d  now i s  v e r y  i n e f f e c t i v e .  I t  i s  
s u g g e s t e d  t o  i n s t a l l  2 f a n s  i n  an a i r  h a n d l i n g  u n i t .  
One o f  them i s  w o r k i n g  a t  f u l l  c a p a c i t y  a l l  o v e r  t h e  
y e a r ,  b u t  t h e  second  one s t a r t s  o n l y  t o  d e l i v e r  t h e  
a d d i t i o n a l  a i r  f l o w  r e q u i r e d  i n  c a s e  o f  h i g h e r  h e a t  
demand. C h a r t s  b a s i n g  o n  c a l c u l a t i o n s  w i l l  demon- 
s t r a t e  t h e  r e l a t i o n  b e t w e e n  o u t d o o r  a i r  t e m p e r a t u r e  
and t h e  demand o f  e n e r g y  f o r  b o t h  s y s t e m s .  

1 .  I n t r o d u c t i o n  

By a d v a n c e d  i n s u l a t i o n  s t a n d a r d s  o f  b u i l d i n g s  and  de -  
v e l o p m e n t  o f  w i n d o w - c o n s t r u c t i o n ~  t h e  h e a t i n g  demand 
f o r  b u i l d i n g  d e c r e a s e d  s t r o n g l y .  N e v e r t h e l e s s  i t  i s  
n e c e s s a r y  t o  e x c h a n g e  a  c e r t a i n  r a t e  o f  i n d o o r  a i r :  
p o l l u t a n t  c o n c e n t r a t i o n s  and v a p o u r  have  t o  b e  k e p t  
b e l o w  a  c e r t a i n  l e v e l  t o  a v o i d  s i c k n e s s  o f  p e r s o n s  o r  
damage o f  t h e  b u i l d i n g  c o n s t r u c t i o n .  Some y e a r s  ago 
gaps i n  w a l l s  and w indow-componen ts  p r o v i d e d  s u f f i -  
c i e n t  a i r  i n f i l t r a t i o n  t o  m i n i m i z e  p o l l u t a n t  c o n c e n -  
t r a t i o n .  Modern  b u i l d i n g  c o n s t r u c t i o n s  however  r e -  
q u i r e  i n t e n s i v e  v e n t i l a t i o n  b y  o p e n i n g  w indows  o r  
b e t t e r  b y  m e c h a n i c a l  v e n t i l a t i o n .  S e v e r a l  r e s e a r c h e s  
have been f i n i s h e d  w i f h  t h e  c o n c l u s j o n ,  t h a t  an a i r  
e x c h a n g e  r a t e  o f  1 h-  , u p  t o  1 . 5  h -  s h o u l d  b e  
r e a c h e d .  One v e r y  i m p o r t a n t  a d v a n t a g e  o f  m e c h a n i c a l  





I n  o r d e r  t o  r e d u c e  f i r s t  c o s t s  t h e  c o m b i n a t i o n  o f  
h e a t i n g  and v e n t i l a t i o n  s y s t e m s  i s  q u i t e  o b v i o u s .  
Wi thou t  any a d d i t i o n a l  w a t e r  c i r c u l a t i o n  s y s t e m  t h e  
s u p p l y  a i r  w i l l  be u sed  t o  t r a n s p o r t  h e a t i n g  e n e r g y  
t o  t h e  rooms. Acco rd ing  t o  t h e  above  men t ioned  r a n g e  
of a i r l e x c h a n g e  t h e  f o l l o w i n g  c a l c u l a t i o n s  b a s e  on 
1 . 0  h -  a s  t h e  minimum v a l u e .  C o n s i d e r i n g  t h e  c o m f o r t  
l i m i  t s  c o n c e r n i n g  t h e  maximum s u p p l y  a i r  t e m p e r a t u r e  
(55-C j u s t  a t  t h e  c e n t r a l  u n i t )  a i r  h f a t i n g  s y s t e m  
p r o v i d e  an e n e r g y  t r a n s p o r t  o f  2 9  W / m  . The h e a t  de -  
mand f o r  t h e  o u t d o o r  a i r  change  i s  d e l i v e r e d  d i r e c t l y  
i n  t h e  c e n t r a l  u n i t  t o  t h e  a i r  f l o w .  I t  i s  n o t  
n e c e s s a r y ,  t h e r e f o r e ,  t o  t r a n s p o r t  t h i s  h e a t  t o  t h e  
rooms ( S e e  f i g u r e  3 ) .  Only i n  b u i l d j n g s  w i t h  a  h e a t  
demand by t r a n s m i s s i o n  above  2 9  W / m  t h e  t r a n s p o r t  
c a p a c i t y  of  v e n t i l a t i o n  a i r  r a t e  i s  n o t  s u f f i c i e n t :  
i t  i s  n e c e s s a r y  t o  i n c r e a s e  t h e  t r a n s p o r t  c a p a c i t y  by 
r e t u r n  a i r .  

Syslem Design 



2, C o n v e n t i o n a l  C o n c e p t - i o n  o f  C o n t r o l  S t r a t e g i e s  

F o r  t h o s e  s y s t e m s  i n  b u i J d i n g s  w i t h  a  t r a n s m i s s i o n  
h e a t  demand b e l o w  3 0  W/m t h e  s u p p l y  a i r  t e m p e r a t u r e  
f o r  e a c h  room c a n  be m o d i f i e d  b y  s e p a r a t e  h e a t  e x -  
c h a n g e r s .  An a d a p t i o n  o f  t h e  h e a t i n g  c a p a c i t y  b y  r e -  
d u c i n g  t h e  s u p p l y  a i r  f l o w  t o  t h e  rooms has t o  b e  
d e c l i n e d  as w a s t e  o f  e n e r g y .  M o r e o v e r ,  t h e  v e n t i -  
l a t i o n  f u n c t i o n  o f  t h e  s y s t e m  i s  r e s t r i c t e d  b y  r e -  
d u c i n g  t h e  s u p p l y  a i r f l o w :  t h i s  i s  an o b v i o u s  c o n t r a -  
d i c t i o n  t o  t h e  d e s i r e d  e q u i v a l e n c e  b e t w e e n  h e a t i n g  
and v e n t i l a t i o n  c o m b i n e d  i n  one s y s t e m .  

I n  b u i l d i n g s  w i t h  h i g h e r  h e a t i n g  demands t h e  maximum 
s u p p l y  a i r  t e m p e r a t u r e  w i l l  be  r e a c h e d  a t  o u t d o o r  a i r  
t e m p e r a t u r e s  above t h e  h e a t i n g  d e s i g n - t e m p e r a t u r e .  
T h i s  w i l l  a c t u a l l y  happen  w h i l e  r e a c h i n g  an o u t d o o r  
a i r  t e m p e r a t u r e  r a n g e  b e t w e e n  - 4 - C  and  0-C i n  b u i l d -  
i n g s  w i t h  an a v e r a g e  i n s u l a t i o n  s t a n d a r d  ( F i g u r e  4 ) .  
An a d d i t i o n a l  r e t u r n  a i r  f l o w  w i l l  be  n e c e s s a r y  t o  
p e r f o r m  s u f f i c i e n t  t r a n s p o r t  c a p a c i t y .  O f  c o u r s e ,  
h i g h l y  c o n t a m i n a t e d  a i r  m u s t  n o t  be u s e d  as r e t u r n  
a i r .  T h i s  a i r  f r o m  k i t c h e n  and b a t h r o o m s  w i l l  go  
d i r e c t l y  t o  t h e  h e a t  r e c o v e r y  s y s t e m .  

Air Heating Systems 
Required Supply Air Flow to perform 

Heating Energy Demand by Transmission 

Supply Air per Unit of Area 1rn3/hm21 
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Anparandte  Thermodynmmlk 
und Kllrnrtschnlk 

Energy Demand: 
A 3 0  W/m2 

+ 4 0  W/m2 

-36- 6 0  W/m2 

-4- 6 0  W/m2 
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-4- 100 W/m2 

Supply Air  Temperature 
just at the central unit: 5 6 %  
Height of roome: 2,s m 



C o n v e n t i o n a l  c e n t r a l  u n i t s  o f  a i r  h e a t i n g  s y s t e m s  
w i t h  o n l y  o n e  f a n  f o r  s u p p l y  a i r  c a n  i n c r e a s e  t h e  f a n  
s p e e d  t o  p e r f o r m  h i g h e r  h e a t i n g  c a p a c i t i e s .  T h e r e f o r e  
s p e c i a l  d i s c - t y p e  m o t o r s  a r e  a v a i l a b l e  a l l o w i n g  a  
m o d i f i c a t i o n  o f  t h e  d r i v i n g  c a p a c i t y  b y  r e d u c i n g  t h e  
m o t o r  o p e r a t i n g  v o l t a g e .  U s u a l  l y  t h e  c e n t r a l  u n i t s  
a r e  e q u i p p e d  w i t h  a  s e q u e n c e  s w i t c h  f o r  up t o  f i v e  
o p e r a t i n g  p o i n t s .  A t  l o w  o u t d o o r  a i r  t e m p e r a t u r e s  t h e  
r e t u r n  a i r  f l o w  damper w i l l  b e  opened  and t h e  o p e r a -  
t i n g  v o l t a g e  o f  t h e  f a n  m o t o r  w i l l  b e  r a i s e d .  0 t h . e r  
c e n t r a l  u n i t s  a r e  a v a i l a b l e  p e r f o r m i n g  c o n t i n o u s  
a d a p t i o n  o f  f a n  c a p a c i t y .  O f  c o u r s e  t h e s e  s y s t e m s  
c a u s e  h i g h e r  f i r s t  c o s t s  a l t h o u g h  t h e r e  i s  no  s i g n i -  
f i c a n t  r e d u c t i o n  o f  o p e r a t i n g  c o s t s .  

As a  m a t t e r  o f  p r i n c i p l e  t h e  f a n - m o t o r  has  t o  b e  
d e s i g n e d  f o r  t h e  maximum d e s i r e d  a i r  f l o w  c o r r e s -  
p o n d i n g  t o  t h e  maximum o p e r a t i n g  v o l t a g e .  

3 ,  I m p r o v e d  M e t h o d s  o f  D e s i g n i n g  C e n t r a l  U n i t s  

A w e l l  d e s i g n e d  f a n  shows an e f f i c i e n c y  c h a r a c t e r i s -  
t i c  w h i c h  f o l l o w s  e x a c t l y  t h e  s y s t e m  p r e s s u r e - v o l u m e  
c h a r a c t e r i s t i c .  T h a t  means t h a t  t h e  m e c h a n i c a l  e f f i -  
c i e n c y  i s  n o t  i n f l u e n c e d  b y  t h e  s p e e d  v a r i a t i o n .  The 
e l  ec t r i c a l  e f f i c i e n c y  o f  t h e  m o t o r  however  d e c r e a s e s  
s t r o n g l y  w i t h  r e d u c e d  o p e r a t i n g  v o l t a g e .  C h a r a c t e r i s -  
t i c s  o f  s u c h  f a n - u n i t s  m e a s u r e d  b y  t h e  p r o d u c e r s  show 
t h a t  t h e  r e d u c t i o n  o f  a i r  f l o w  t o  50% c a u s e s  t h e  
t o t a l  e f f i c i e n c y  d r o p p i n g  down t o  20% o f  t h e  f u l l -  
l o a d  e f f i c i e n c y  ( F i g u r e  5 ) .  The p h y s i c a l  r e a s o n  has  

een  i n  t h e  l o w  p a r t - l o a d  e f f i c i c  ? n c y  o f  m o t o r .  



Air Heating Systems 
Typical Characteristic for Fans 

used in Central Units (up to 1000 rn3/h) 

Total Efficiency, Part of Full-Load 1-1 
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Air Flow. Part of Full-Load 1-1 

und Klirnmceohnlk 

I 

Pictured according to 
producer's meaeuremente 

I t  i s  a  f a c t  t h a t  f a n s  i n  t h e  c e n t r a l  u n i t s  o f  a i r  
h e a t i n g  s y s t e m s  w i l l  b e  o p e r a t e  u n d e r  p a r t  l o a d  c o n -  
d i t i o n s  m o s t  t i m e  o f  t h e  y e a r .  F i g u r e  9 shows t h e  
f r e q u e n c y  d i s t r i b u t i o n  o f  o u t d o o r  a i r  t e m p e r a t u r e s  i n  
t h e  German t o w n  o f  E s s e n .  O n l y  300 h / a  o u t d o o r  a i r  
t e m p e r a t u r e s  b e l o w  - 4 - C  have  t o  b e  e x p e c t e d .  C o n s i -  
d e r i n g  t h e  l o w  e f f i c i e n c y  o f  a i r  f e e d  a l o n g  t h i s  t i m e  
t h e  o p e r a t i o n  o f  t h o s e  p l a n t s  i s  more  e x p e n s i v e  t h a n  
n e c e s s a r y .  One m e t h o d  t o  i m p r o v e  t h e  e l e c t r i c a l  e f f i -  
c i e n c y  u n d e r  p a r t - l o a d  c o n d i t i o n s  i s  t o  accomoda te  
t h e  s p e e d  b y  means o f  f r e q u e n c y  t r a n s f o r m a t i o n .  The 
c o s t s  f o r  s u c h  e l e c t r i c a l  c o n t r o l s  a r e  much h i g h e r  
t h a n  c o s t s  f o r  a  c o m p l e t e  f a n  u n i t .  So a n o t h e r  way 
has  t o  b e  f o u n d  t o  g u a r a n t e e  l o w e r  d r i v i n g  e n e r g y  
demand f o r  t h e  a i r  f e e d .  

An e f f e c t f u l  p o s s i b i l i t y  w o u l d  be  a  new c o n s t r u c t i o n  
o f  c e n t r a l  u n i t s  e q u i p p e d  w i t h  t w o  f a n s .  One o f  them 
i s  d e s i g n e d  t o  t r a n s p o r t  v e n t i l a t i o n  a i r  f o r  o u t d o o r  
a i r  t e m p e r a t u r e s  above  - 4 - C .  T h i s  f a n  w i l l  a l w a y s  
o p e r a t e  a t  i t s  maximum e l e c t r i c a l  e f f i c i e n c y .  



The s e c a n d  f a n  i s  d e s i g n e d  t o  t r a n s p o r t  b o t h  v e n -  
t i  l a t i o n  a i r  a n d  a d d i t i o n a l  r e t u r n  a i r  c o n s i d e r i n g  
t h e  h i g h e r  p r e s s u r e - d r o p  i n  t h e  s u p p l y  a i r  s y s t e m .  So 
t h e  a i r  f l o w  c a p a c i t y  o f  t h i s  s e c o n d  f a n  h a s  t o  b e  
m o r e  t h a n  t w i c e  o f  t h e  f i r s t  s t a g e  f a n .  D u r i n g  
o p e r a t i o n  o f  t h i s  f a n  t h e  f i r s t  o n e  s t o p s .  

A m o d i f i c a t i o n  o f  t h i s  c o n c e p t  c a n  b e  made b y  o p e r a -  
t i n g  t h e  v e n t i l a t i o n  a i r  f a n  a l l  o v e r  t h e  y e a r  e v e n  
f o r  l o w  o u t d o o r  a i r  t e m p e r a t u r e s ,  when t h e  s e c o n d  f a n  
i s  w o r k i n g  a d d i t i o n a l l y .  I n  t h i s  d e s i g n  t h e  r e t u r n  
a i r  f a n  c a n  b e  d e s i g n e d  s m a l l e r  t h a n  a b o v e  m e n t i o n e d .  
The t o t a l  a i r  f l o w  w i l l  b e  p r o d u c e d  b y  b o t h  f a n s  f o r  
l o w  o u t d o o r  a i r  t e m p e r a t u r e s . I n d e e d ,  t h e  o p e r a t i n g  
p o i n t  o f  t h e  v e n t i l a t i o n  a i r  f a n  moves  t o  a  l o v e r  
a i r f l o w  a s  a  c o n s e q u e n c e  o f  t h e  i n c r e a s i n g  p r e s s u r e  
d r o p .  T h i s  w i l l  c a u s e  a  l o w e r  r a t e  o f  o u t d o o r  a i r  
e x c h a n g e  a n d  a n  i n s i g n i f i c a n t  d e c r e a s e  o f  t h e  t o t a l  
e f f i c i e n c y  f o r  t h i s  f a n .  B o t h  e f f e c t s  c a n  b e  a c c e p t e d  
w i t h o u t  a n y  p r o b l e m .  A t  l o w  o u t d o o r  a i r  t e m p e r a t u r e s  
t h e  a b s o l u t e  h u m i d i t y  i s  v e r y  l o w  s o  t h a t  t h e  i n d o o r  
a i r  h u m i d i t y  w i l l  n o t  r i s e  t o  a n  i n a c c e p t a b l e  v a l u e  
w i t h  t h e  l o w e r  a i r  e x c h a n g e  r a t e .  The  r e d u c e d  
v e n t i l a t i o n  f a n  e f f i c i e n c y  f o r  l o w  o u t d o o r  a i r  
t e m p e r a t u r e s  c a n  be  n e g l e c t e d ,  b e c a u s e  t h e  o p e r a t i n g  
t i m e  ( 3 0 0  h / a )  i s  v e r y  s h o r t .  

I n  c o n ~ p a r i s o n  w i t h  t h e  c o n v e n t i o n a l  c o n c e p t  t h e  
a v e r a g e  e f f i c i e n c y  o f  f a n s  c a n  b e  r a i s e d  r e m a r k a b l e .  

4 .  C o n c l u s i o n  

D e p e n d i n g  o n  t h e  a b o v e  m e n t i o n e d  f a c t s  a  c o m p a r i s o n  
b e t w e e n  a i r  f e e d  e n e r g y  demand o f  a  c o n v e n t i o n a l  
p l a n t  ( l - f a n - s y s t e m )  a n d  i m p r o v e d  c o n s t r u c t i o n  ( 2 -  
f a n - s y s t e m )  i s  made. The  f o l l o w i n g  c h a r t s  b a s i n g  o n  
f a n  c h a r a c t e r i s t i c s  f r o m  a  w e l l - k n o w n  German p r o d u c e r  
a n d  m e t e o r o l o g i c a l  d a t e s  f r o m  D I N  4 7 1 0  p r o o v e  t h a t  
a n n u a l  o p e r a t i n g  c o s t s  f o r  t h e  d r i v i n g  e n e r g y  c a n  b e  
r e d u c e d  t o  a b o u t  50% t o  3 0 % .  T h i s  new c o n c e p t  c o u l d  
h e l p  t o  i m p r o v e  t h e  economy  o f  o p e r a t i o n  o f  a i r  h e a -  
t i n g  s y s t e m s  w i t h o u t  r a i s i n g  f i r s t  c o s t s .  



T h i s  seems t o  be  an i m p o r t a n t  f a c t  t o  h e l p  a i r  hea -  
t i n g  s y s t e m s  g e t t i n g  more d i s t r i b u t e d .  D i s c o m f o r t  o f  
p e r s o n s  c a u s e d  b y  e x c e e d i n g  maximum p o l l u t a n t  c o n -  
c e n t r a t i o n  on i n d o o r  a i r  as w e l l  as damages o f  b u i l d -  
i n g  c o n s t r u c t i o n  s u r e l y  c a n  be  a v o i d e d  b y  u s i n g  v e n -  
t i l a t i o n  s y s t e m s .  C o m b i n i n g  h e a t i n g  and v e n t i l a t i o n  
i n  d o m e s t i c  b u i l d i n g s  s h o u l d  f i n d  g r e a t e r  a c c e p t a n c e  
t h a n  t h e  u r g e n c y  t o  s p e n d  more money f o r  s e p a r a t e  
s y s t e m s .  T h e r e f o r e  f u r t h e r  d e v e l o p m e n t  o f  modern  a i r  
h e a t i n g  s y s t e m s  w i l l  be a  d u t y  f o r  p r o d u c e r s  and 
s c i e n t i s t s .  

Air Heating Systems 
Supply Air Flow per Unit of Area 

for Actual Outdoor Air Temperatures 
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Air Heating Systems 
Fan Efficiency for Actual 

Outdoor Air Temperatures 
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Air Heating Systems 
Fan Power Input for Actual 
Outdoor Air Temperatures 
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Air Heating Systems 
Frequency Distribution of Outdoor Air 

Temperatures in the City of Essen 
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Air Heating Systems 
Fictive Time of Full-Load Power lnput 
for Actual Outdoor Air Temperatures 
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Air Ideating Systems 
Cummulative Curve for Fictive Time of 

Full-Load Power lnput 
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