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A COMPARISON OF UPWARD AND DOWNWARD A I R  DISTRIBUTION SYSTEMS 

Synopsis 

Trad i t iona l ly  a i r  has been supplied from t h e  c e i l i n g  t o  the  
occupants below opposing the  buoyancy e f f e c t s  due t o  hea t  
convected from people, l i g h t s  and machines. There has a l s o  been 
concern t h a t  i f  a i r  supply o u t l e t s  a r e  i n s t a l l e d  a t  low l e v e l  near  
people the  chances of draughts  and no i se  a r e  high. The 
development of s w i r l  a i r  d i f f u s e r s  i n  Sweden and Germany overcomes 
these  problems and allows a wider cons idera t ion  of a i r  
d i s t r i b u t i o n  systems when designing buildings.  This a l s o  o f f e r s  
f l e x i b i l i t y  i n  planning t h e  d i s t r i b u t i o n  of e l e c t r i c a l  systems and 
piped se rv ices .  Fresh air  is needed a t  head l e v e l  if  v e n t i l a t i o n  
is t o  be e f fec t ive .  I n  high spaces which a r e  densely occupied 
t h i s  is more r e a d i l y  achieved with an upward system. 

In t roduct ion  

A t  p resen t  the re  is a c o n f l i c t  between various sources of 
information concerning t h e  s p e c i f i c a t i o n  of t h e  parameters t o  
ensure a good qua l i ty  a i r  movement system. Independent surveys of 
o f f i c e  condit ions i n  t h e  U.S.A. and Europe show t h a t  s tagnant  a ir  
condi t ions  a r e  quoted by more than h a l f  t h e  sub jec t s  a s  
con t r ibu t ing  towards le thargy and low product iv i ty  (Woods 1985, 
Croome and Rollason 1988). Laboratory experiments c a r r i e d  out  by 
Fanger and Christensen (1987) claim t h a t  t h e  turbulence of the  
a i r f low makes people more s e n s i t i v e  t o  draught than was found i n  
previous s t u d i e s  and then propose a reduct ion  of  ve loc i ty  l i m i t s  
i n  t h e  present  s tandards i n  accordance with t h e  percentage 
d i s s a t i s f i e d  (PD) equation. 

For 5% t o  be d i s s a t i s f i e d  t h i s  . r e s u l t s  i n  a mean ve loc i ty  (?) of 
0.08m/s a t  20°C ( $  ) r i s i n g  t o  O . l m / s  a t  26OC. Fie ld  surveys and 
everyday experience tend t o  con t rad ic t  these  proposals.  Clark 
(1985) using Schl ieren  techniques has shown t h a t  convection 
v e l o c i t i e s  around the  body espec ia l ly  above the  head a r e  0.2 - 0.4 
m / s ;  t h e s e  f igures  a r e  independently supported by measurements 
taken by van Gunst i n  the  de Doelan concer t  h a l l  i n  Rotterdam 
described by Croome and Roberts (1981).  Airstreams with 
v e l o c i t i e s  of 0.10 m / s  can e a s i l y  be def lec ted  by t h e  body 
convection cur ren t s  thus rendering the  a i r f low system i n e f f e c t i v e  
from t h e  freshness point  of view ( a l s o  s e e  Homma 1987). 



The p r e s e n t  s tandards def ine  mean v e l o c i t i e s  only. This  is 
i n s u f f i c i e n t  and f i n e r  d e t a i l s  of t h e  a i r  movement p a t t e r n  need 
de f in ing  espec ia l ly  a t  head and f o o t  l eve l s .  Mayer (1985) has 
defined t h e  standard devia t ion  f o r  t h e  a i r  movement f l u c t u a t i o n s  
a s  : 

where Tu = turbulence c o e f f i c i e n t  ( 0  - 0.6) 

V = v e l o c i t y  exceeded f o r  50% of the  time (mean v e l o c i t y )  
50% 

V = ve loc i ty  exceeded f o r  16% of the  time 
84% 

Fanger and Christensen (1986) s tud ied  the  ve loc i ty  f l u c t u a t i o n s  
around t h e  body and derived t h e  standard devia t ion  i n  terms of VSoL 
( a t  the  elbow, a t  the  f e e t  and a t  t h e  back of the  neck),  t h e  space 
air temperature and t h e  h e a t  inpu t  i n t o  the  space. Besides 
turbulence,  the  p e r i o d i c i t y  (TI of t h e  f l u c t u a t i o n s  is important 
where f l u c t u a t i o n s  a r e  defined a s  

6 b  

v = (S + v ~ ~ % )  s i n  (2nth + 4 1 

o r  6, 

V = '50% (1 + Tu) s i n  ( 2 n t h  ++ 

Linke ( 1966) and Regenschei t ( 1970) have described t h e  b a s i c  
fundamentals of a i r  motion i n  a i r  d i s t r i b u t i o n  systems. The work 
of Linke c a r r i e d  o u t  i n  a  l e c t u r e  t h e a t r e  with 500 s e a t s  a t  t h e  
Technical Universi ty i n  Aachen has revealed the  p a t t e r n s  of air 
movement and temperature d i s t r i b u t i o n  r e s u l t i n g  from condit ioned 
a i r  being suppl ied  a t  f l o o r  l e v e l .  Because the  main d i r e c t i o n  of 
a i r  movement corresponds with t h a t  induced by heat  re leased from 
t h e  occupants,  a i r  supplied from f l o o r  l e v e l  produced an even 
pa t t e rn  of a i r  flow throughout t h e  auditorium and t h e  v e r t i c a l  
temperature g rad ien t s  were n e g l i g i b l e  above head l e v e l  but  t h e  
temperature from f o o t  t o  head l e v e l  varied from 3 t o  5OC (Croome 
and Roberts ,  1981),  high d i f f e r e n t i a l s  occurring when t h e  
occupancy was high. The advantages of upward systems a r e  mainly 
i n  t h e  u s e  of reduced a i r  supply r a t e s  by using ( i)  higher 
temperature d i f f e r e n t i a l s  and ( i i)  occupancy r a t h e r  than t o t a l  
space volumes f o r  o v e r a l l  hea t ing  and cooling requirements. 
Ex t rac t ion  of the  h e a t  from t h e  upward moving a i r  v i a  the  l i g h t i n g  
t r o f f e r s ,  can e a s i l y  be achieved; a l t e r n a t i v e l y  high temperature 
s t r a t i f i c a t i o n  a i r  can be r e c i r c u l a t e d  t o  the  occupancy zone. 
Downward systems showed l a r g e  c i r c u l a r  cu r ren t s  with temperature 
d i f f e r e n t i a l s  of 4 t o  g0C with f u l l  occupancy but i n  t h i s  case  
most of t h e  temperature g r a d i e n t  occurs within 1.5m of the  c e i l i n g  
and the  temperature drop from head t o  foot  l e v e l  was about 1 ° C .  
These systems work b e s t  i n  low height  spaces and where occupancy 
d e n s i t i e s  a r e  low. 



C h a r a c t e r i s t i c s  of  Upward and Downward Systems 

According t o  Linke, t h e  Archimedes number is a d e c i s i v e  f a c t o r  
inf luencing the  a i r  movement p a t t e r n s .  For downward a i r  flow 
d i s t r i b u t i o n  systems, the  Archimedes number should be ArS 46; f o r  
upward air  flow d i s t r i b u t i o n  system, t h e  Archimedes number should 
be A r  S 360. 

The Archimedes number is defined a s  

Where g = acce le ra t ion  due t o  g r a v i t y  m / s 2  
@ = thermal expansion f a c t o r  ( -' K )  
de = supply t o  r e t u r n  a i r  temperature d i f f e r e n t i a l  ( O C )  

H = height  of t h e  auditorium, (m) 
v = a i r  ve loc i ty  ( m / s )  

Equation (1) can a l s o  be defined i n  t h e  form of 

Where q = heat  load (w/m2 ) 
e = a i r  dens i ty  ( e =  1 . 2 ~ g / m ~ )  
c = s p e c i f i c  hea t  capaci ty  of the  a i r  ( c  = 1006 J/Kg°C) 
n = a i r  change r a t e  (ach/h)  
g = acce le ra t ion  due t o  g r a v i t y  

Using equation ( 2 )  and the  Archimedes condi t ions  s t a t e d  above t h e  
minimum a i r  change r a t e  ensuring a s t a b l e  a i r  movement p a t t e r n  i n  
t h e  room f o r  a downward system is 

and f o r  an upward system is 

Comparing equations ( 3 )  and (4) ,  it can be concluded t h a t  t h e  
requi red  a i r  change r a t e  t o  acquire  a s t a b l e  a i r  movement i n  a 
space f o r  a downward system is twice a s  l a r g e  a s  t h a t  of  an upward 
system. This  is another reason why the  upward system is s u i t a b l e  
f o r  spaces  with l a rge  hea t  g a i n  ( 2  140 w/m2 ) such a s  a u d i t o r i a  and 
where t h e  f l o o r  l e v e l  is heavi ly  occupied by people. 

Generally speaking, the  supply a i r  temperatures f o r  upward systems 
a r e  about 18-lg°C and 14-18OC f o r  downward systems i n  summer. 
With higher supply temperatures about 8-1074 of the  cool ing  load 
can be saved r e s u l t i n g  i n  reduced energy c o s t s  of about 1.5%. 

A comparison of upward and downward systems is shown i n  Table 1. 



( a )  The Archimedes number can be defined i n  terms of  t h e  o u t l e t  
c h a r a c t e r i s t i c  

Where 44 = temperature d i f ference  a t  j e t  e n t r y  ( O C )  

= room temperature (OK) 
d, = o u t l e t  diameter (m) 

Vd = o u t l e t  ve loc i ty  (m/s) 
g = acce le ra t ion  due t o  g r a v i t y  (9.81 m / s 2  ) 

A r  decreases  a s  t h e  a i r  o u t l e t  ve loc i ty ,  .\6, increases .  With 
inc reas ing  supply t o  room a i r  temperature d i f f e r e n t i a l s , &  , A r  
inc reases  ( i . e .  buoyancy inc reases )  and t h e  more pronounced t h e  
curvature of t h e  j e t  a x i s  becomes. 

( b )  The t r a j e c t o r y  is ca lcu la ted  by i n s e r t i n g  Archimedes number 
i n  

y = x t a n  + ( c s 2 . 5 1  t x  - - 
d;; do db c o s a  

Where y = t h e  v e r t i c a l  displacement ( i .e .  d e f l e c t i o n  
from hor izonta l  a x i s )  (m) 

Cx = i n c l i n a t i o n  angle 
x = hor izon ta l  d is tance  from o u t l e t  (m) 
t = turbulence f a c t o r ;  f o r  vaned o u t l e t  t =0.2 

( c )  The a x i a l  jet  v e l o c i t y  p r o f i l e  is derived using t h e  jet 
v e l o c i t y  decay equation.  ( ~ e i ~ e n s c h e i  t .  1970) 

r -I 

This compares favourably with b e s t e l ' s  work ( S o f r a t a  1987, 
Koestel  1954). 

The a x i a l  ve loci ty  v a r i e s  inverse ly  with the  d i s t ance  from t h e  
o u t l e t .  The ve loc i ty  a t  any p o i n t  i n  t h e  j e t  flow can be divided 
i n t o  two components : Longitudinal  ve loc i ty  v, and cross-sec t ional  
ve loci ty  vy while v- is much l a r g e r  than vy i n  most cases  s o  v is Y neglected. It is  s a f e  t o  cons ider  t h a t  v = % , p a r t i c u l a r l y  i n  
the  main zone of jets, which a r e  mainly used i n  air-condit ioning.  
Hence, Reigenschei t ' s equation can be modified using empirical  
date and expressed as 

The v e l o c i t y  decay equation demonstrates t h e  importance of t h e  
Archimedes number a s  a design f a c t o r .  Experiments on the  
behaviour of j e t s  i n  rooms have shown t h a t  the  Archimedes number 
c o r r e l a t e s  with t h e  a i r  movement p a t t e r n s  i n  space (Croome and 
Roberts 1981). 



CHARACTERISTICS DOWNWARD UPWARD 

Ver t i ca l  temperature 
g rad ien t  : 

i )  Foot  t o  head l e v e l  Negligible (1-3OC): 
head temperature 
a r e  a l i t t l e  warmer 

ii) Above head l e v e l  4-8OC 

Supply temperature 14 t o  1 8 O C  

Dust 

Noise 

Maintenance 

Number of  supply 
o u t l e t s  

Energy 

Dust kept  a t  f l o o r  
l e v e l  

A i r  v e l o c i t y  a t  
o u t l e t  needs t o  be 
s u f f i c i e n t  t o  be 
e f f e c t i v e  a t  head 
l e v e l  

3-8OC lower 
temperature 
a t  f o o t  l e v e l  

Negligible 

1 8 O C  minimum 

Dust tends t o  rise; 
e s s e n t i a l  -t;o avoid 
t h i s  i n  opera 
houses, concer t  
h a l l s ,  debating 
chambers o r  
mus eums . 

More supply g r i l l e s  
t o  c lean  

Can use a small Necessary t o  use 
number of o u t l e t s  a l a r g e  number of 
bu t  l e s s  f l e x i b i -  small o u t l e t s  
l i ty t o  con t ro l  

A i r  has  t o  deal  A i r  absorbs h e a t  
with l i g h t i n g  gains  ga ins  from people 
before  those from before those from 
people l igh t ing .  Savings 

i n  energy can be 
l a r g e  i n  high,  well  
insu la ted  and 
densely occupied 
spaces 

Table 1: THE CHARACTERISTICS OF DOWNWARD AND UPWARD VENTILATION 
SYSTEMS 



Supply A i r  Parameters 

a )  Work by Linke reported i n  Croome and Roberts (1981) 
ind ica ted  t h a t  a  throw g iv ing  a  ve loc i ty  of 0.5 m / s  a t  t h r e e  
q u a r t e r s  of t h e  room leng th ,  was a  s u i t a b l e  c r i t e r i o n  t o  
ensure  s a t i s f a c t o r y  room motion without t h e  presence of high 
v e l o c i t i e s  i n  t h e  occupied zone. On t h i s  b a s i s  t h e  requi red  
supply a i r  ve loc i ty  and the  o u t l e t  diameter may be 
determined. 

The air o u t l e t  ve loc i ty  (v,  ) normally ranges from 5 m / s  t o  
7 m / s  f o r  high l e v e l  o u t l e t s  i n  downward a i r  d i s t r i b u t i o n  
systems; a  l i m i t a t i o n  on t h e  ve loc i ty  f o r  upward systems is 
normally observed t o  avoid excessive sound emission and cold  
draught  i n  t h e  occupied zone. I n  the  case of sedentary o r  
l i g h t  work a c t i v i t y ,  the  s u i t a b l e  v, , f o r  low l e v e l  
o u t l e t s  is 0.5 t o  1.0 l m / s .  Hence t h e  l a r g e r  o u t l e t  a reas  
a r e  requi red  f o r  a  given a i r  flow r a t e  i n  upward systems. 
The use  of t w i s t  o u t l e t s  g ives  more scope f o r  achieving 
pene t ra t ion  of a i r  i n t o  t h e  space with l e s s  l ike l ihood of 
draughts  o r  noise  (Rowlinson 1987-88). 

b)  The allowable supply t o  room a i r  temperature 
d i f f e r e n t i a l ,  a , f o r  downward d i s t r i b u t i o n  may be up t o  
about  l l ° C  but  a  smaller  value,  say 5OC, should be s e l e c t e d  
i f  a i r  is d i s t r i b u t e d  upwards. This does no t  mean t h a t  a  
l a r g e r  amount of supply a i r  volume is needed i n  upward 
s y s  t e m s  because of t h e  Archimedes c r i t e r i o n  r e f  e r red  t o  
previous ly  ( s e e  equations 3 and 4 )  and t h e  use of occupied 
zone volume ins tead  of t o t a l  space volume f o r  heat ing  and 
coo l ing  ca lcu la t ions .  

c )  The temperature d i f fe rence  p r o f i l e  is s i m i l a r  t o  t h a t  of t h e  
a x i a l  v e l o c i t y ,  Vx , e s p e c i a l l y  i n  t h e  main zone of the  
j e t s .  Hence, the  temperature decay law can be expressed i n  
a  s i m i l a r  form a s  f o r  t h e  ve loc i ty  decay laws: 

hence A@ x = Tx - Tn = 0.35 
To - Tn tx/d, + 0.145 

Where TX = core temperature of t h e  j e t  flow 
Tn = room a i r  temperature 
T, = temperature a t  j e t  en t ry .  

Microclimate A i r  D i s t r ibu t ion  System 

A microclimate o r  task  a i r  d i s t r i b u t i o n  system is s u i t a b l e  f o r  
bui ld ings  such a s  a u d i t o r i a  and l e c t u r e  t h e a t r e s ,  where s e a t s  a r e  
f ixed i n  permanent locat ions .  The a i r  d i s t r i b u t e d  from t h e  a i r  
condit ioning system is supplied through t h e  ducts  beneath the  



s e a t s  and is del ivered  through o u t l e t s  located a t  the  back of each 
s e a t ,  supply a i r  j e t s  being formed a t  sea ted  head l eve l .  When an 
a i r  s tream t r a v e l s  from an o u t l e t ,  t he  k i n e t i c  energy is increased 
i n  c r e a t i n g  turbulence due t o  t h e  entrainment of secondary room 
a i r  i n t o  the  j e t  stream, (convection cur ren t s  i n  t h e  head region 
due t o  t h e  mixing e f f e c t  of t h e  secondary a i r  p lus  t h e  e f f e c t s  of 
buoyancy). It  is  sens ib le  psychological ly t o  provide occupants 
with some contro l  of a i r  flow d i r e c t i o n  and/or ve loc i ty ,  usual ly  a 
simple manual damper con t ro l ,  thus avoiding draughts o r  increas ing 
f reshness  a s  required.  The i n c l i n a t i o n  angle of the  vane ranges 
from O0 t o  20° from t h e  v e r t i c a l  ax i s .  The i n c l i n a t i o n  angle is 
usual ly  ad jus tab le  and the re fo re  s e t t i n g s  could be se lec ted  t o  
meet t h e  various preferences of t h e  individuals .  The ve loc i ty  of 
a i r  a t  t h e  o u t l e t  should no t  exceed about 1.5 m / s ;  Sodec (1984) 
shows t h a t  the  f r o n t  of t h e  f a c e  can enjoy s h o r t  i n t e r m i t t e n t  
ve loc i ty  amplitudes of 0.6 m / s .  

Task v e n t i l a t i o n  systems have been designed f o r  desks i n  o f f i c e s ;  
s i m i l a r  systems can be envisaged f o r  beds i n  hosp i t a l s .  One form 
of micro-climate air d i s t r i b u t i o n  is a system b u i l t  i n t o  t h e  
s e a t i n g  s t r u c t u r e .  The conditioned primary a i r  is genera l ly  f ed  
from a pressure chamber accommodated i n  t h e  c h a i r  mounting 
supports .  Indoor a i r  mixes with t h e  primary a i r  and t h e  supply 
a i r  emerges a t  t h e  top of t h e  back-rest,  a t  an angle of 0-20° t o  
the  v e r t i c a l  ax i s .  I n  each case ,  t h e  d i r e c t i o n  of discharge is 
s e l e c t e d  i n  such a  way t h a t  t h e  head of t h e  sea ted  individual  is 
located  no t  i n  t h e  d i r e c t  pa th  of t h e  jet ,  but  r a t h e r  within its 
induct ion  zone. The momentum of t h e  j e t  is s e t  s o  a s  t o  ensure 
s t a b i l i t y  of t h e  j e t  d i r e c t i o n  wi th in  t h e  occupied zone and t h i s  
can be var ied  i n  a l l  load s i t u a t i o n s .  Sodec (1984) repor ted  t h a t  
systems of t h i s  type serve  t o  meet t h e  fol lowing demands: 

- S t a b i l i t y  of a i r  d i s t r i b u t i o n  wi th in  t h e  occupied zone 
without t h e  s u b s t a n t i a l  c i r c u l a r  room a i r  p a t t e r n s  t h a t  
develop i n  downward systems. 

- Provision of the  human r e s p i r a t o r y  system with a  d i r e c t  
supply of conditioned a i r .  

- Provision of adequate convection within t h e  s e a t i n g  a rea  by 
means of t h e  primary-secondary a i r  intermixing ac t ion .  

The f e a t u r e s  of t h e  micro-climate system on which t h e  o u t l e t s  a r e  
mounted t o  the  top of the  back-rest a re :  

- The-cold supply a i r  is discharged i n t o  t h e  upper h a l f  of t h e  
occupied a rea .  

- The lower h a l f  is conditioned by induction of t h e  secondary 
a i r .  

- The a i r  discharge ve loc i ty  a t  the  a i r  o u t l e t  is 
approximately 1 .5  m/s; t h i s  c a t e r s  f o r  adequate induction of 
t h e  indoor a i r .  

- No formation of s tagnant  patches of cold air. 
- D i r e c t  discharge of f r e s h  draught-free supply a i r  i n t o  t h e  

occupied zone without having f i r s t  t o  e n t e r  from f l o o r  
o u t l e t s .  

- Effec t ive  a i r  d i s t r i b u t i o n  i n  the  occupied area.  



Typical design parameters are:  

- a i r  volume flow r a t e :  8.5-10 l/s pe r  o u t l e t  
- minimum supply a i r  temperature: 1 8 O C  

- induced secondary a i r :  3.5-5 l/s 
- sound power l eve l :  18-26 db ( A )  
- pressure  loss :  30-50 Pa 
- a i r  v e l o c i t y  i n  hollowed s e a t  pedestal :  1.5-2.6 m / s  

The r e t u r n  a i r  temperature underneath the  c e i l i n g  can be a s  high 
a s  30°C, which w i l l  n o t  cause discomfort i n  t h e a t r e s  because of  
the  extens ive  room height.  Within t h e  occupied a r e a  i t s e l f  t h e  
a i r  temperature is 18-24OC owing t o  the  d i r e c t  arrangement of  t h e  
s e a t s ,  an a i r  volume flow r a t e  of 8.5-10 l/s pe r  o u t l e t  a t  
& = 12K w i l l  s u f f i c e  t o  meet t h e  requirements of t h e  room. The 
proport ion of induced secondary air is approximately 40-60% of t h e  
primary a i r  volume flow r a t e .  

Compared with downward a i r  supply systems t h e  microclimate a i r  
d i s t r i b u t i o n  system has s e v e r a l  advantages: 

- D i r e c t  supply of a i r  t o  t h e  immediate v i c i n i t y  of  t h e  
occupants. 

- Greater  temperature d i f fe rences  between r e t u r n  and supply 
a i r  of up t o  12OC, hence a lower a i r  volume flow r a t e  is 
necessary. 

- Lower pressure losses .  
- Lower r e f r i g e r a t i o n  consumption on account of h igher  supply 

a i r  temperature ( 1 8 O C  i n s t ead  of 14-16OC). 
- U s e  occupancy space volumes i n  heat ing  ca lcu la t ions .  
- Reduced investment c o s t s  due t o  smaller  c e n t r a l  u n i t s  and 

d i s t r i b u t i o n  ducts .  

Combined A i r  D i s t r ibu t ion  System 

Conditioned a i r  can be supplied through g r i l l e d  located  beneath 
the  auditorium sea t ings  and o u t l e t s  a t  the  top of t h e  back-rests 
(Croome and Lin 1987). The system normally needs double-deck 
f l o o r s ,  which form a plenum pressure chamber o r  space f o r  under 
f l o o r  ducts .  The supply a i r  is d i s t r i b u t e d  evenly through t h e  
plenum t o  - the  various o u t l e t s  which a r e  i n s t a l l e d  i n  t h e  r a i s e d  
f l o o r .  Normally t h e  depth of t h e  plenum should be a t  l e a s t  200mm. 
Floor d u c t s  a r e  s u i t a b l e  f o r  conveying t h e  supply a i r  t o  s p e c i f i c  
a reas  of t h e  auditorium. Each individual  o u t l e t  is made t o  form a 
d i r e c t  l i n k  with the  supply air branches usual ly  by means of  
f l e x i b l e  ducting. One of the  advantages of the  combined a i r  
d i s t r i b u t i o n  system is t h a t  it c r e a t e s  a bas ic  condit ioned 
environment f o r  the  extens ive  a reas  i n  the  auditorium besides a 
micro-climate f o r  the  i n d i v i d u a l ' s  comfort. Double deck f l o o r s  
a l s o  o f f e r  f l e x i b i l i t y  i n  route ing and accommodating o the r  
s e r v i c e s  such a s  cabl ing  f o r  communication systems. 



Types o f  Floor Mounted Out le t s  

The recommended o u t l e t s  s u i t a b l e  f o r  upward a i r  d i s t r i b u t i o n  
system assume t h e  following forms: 

S l o t  P l a t e s :  The flow emitted from a s l o t  p l a t e  is s i m i l a r  t o  
t h a t  encountered i n  a perfora ted  p l a t e  system. The small 
ind iv idua l  j e t s  - except the  ou te r  ones - do no t  induce the  room 
a i r ,  b u t  r a t h e r  t h e  adjacent  j e t s  of supply a i r .  The reduction of 
j e t  v e l o c i t y  takes  p lace  by means of t h e  d i f f u s e r  e f f e c t  and not  
by exchange of energy with the  environment. 

Free Je t  Out le ts :  These produce round, non-twist type a i r  j e t s ;  
the  diameter of t h e  f r e e  o u t l e t s  ranges from 150 t o  250rnm. The 
induct ion  of room a i r  is more in tens ive  than f o r  s l o t  p l a t e s .  

Floor-mounted T w i s t  Outlets:  These produce a i r  j e t s  i n  a s w i r l  
corkscrew pa t t e rn .  A s  a r e s u l t  of the  higher degree of 
turbulence,  a more in tens ive  induction e f f e c t  of the  indoor a i r  is 
brought about; t h e  a i r  j e t  is s t a b l e  and l e s s  s e n s i t i v e  t o  cross  
convection so t h a t  j e t  penet ra t ion  is improved (Croome and 
Rowlinson 1987). Owing t o  t h e  l a r g e r  amount of small  inc l ined j e t  
with s w i r l  e f f e c t ,  in tens ive  exchange of energy with t h e  ambient 
a i r  is a t t a ined .  The reduction i n  j e t  ve loc i ty  and adjustment of 
the  supply a i r  temperature t o  the  temperature of t h e  room a i r  
proceed a t  a f a s t e r  r a t e  than is t h e  case with s l o t  p l a t e s  and 
f r e e  j e t  o u t l e t s .  Due t o  t h e  geometry of t h e  o u t l e t  t h e  noise  
emission is reduced. 
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