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PREFACE 

International Energy Agency 

In order to strengthen cooperation in the vital area of energy policy, 
an Agreement on an International Energy Programme was formulated among a 
number of industrialised countries In November 1974. The International 
Energy Agency (IEA) was established as an autonomous body within the 
Organisation for Economic Cooperation and Development (OECD) to 
administer that agreement. Twenty-one countries are currently members 
of the IEA, with the Commission of the European Communities 
participating under a special arrangement. 

As one element of the International Energy Programme, the Participants 
undertake cooperative activit ies in energy research, development, and 
demonstration, A number of new and improved energy technologies which 
have the potential of making significant contributions to our energy 
needs were identified for collaborative efforts. The IEA Committee on 
Energy Research and Development (CRD), assisted by a small Secretariat 
staff, coordinates the energy research, development, and demonstration 
programme. 

Energy Conservation in Buildings and Community Systems 

As one element of the Energy Programme, the IEA encourages research and 
development in a number of areas related to energy. In one of these 
areas, energy conservation in buildings, the IEA is encouraging various 
exercises to predict more accurately the energy use of buildings, 
including comparison of existing computer programmes, building 
monitoring, comparison of calculation methods, as well as air quality 
and inhabitant behaviour studies. 

The Executive Committee 

Overall control of the R&D programme "Energy Conservation in Buildings 
and Community Systems" is maintained by an Executive Committee, which 
not only monitors existing projects but identifies new areas where 
collaborative effort may be beneficial. The Executive Committee ensures 
all projects f i t  into a predetermined strategy without unnecessary 
overlap or duplication but with effective liaison and communication. 

Annex V Alr Infiltration and Ventilation Centre 

The IEA Executive Committee (Building and Community Systems) has 
highlighted areas where the level of knowledge is unsatisfactory and 
there was unanimous agreement that in f i l t ra t ion was the area about which 
least was known. An in f i l t ra t ion group was formed drawing experts from 
most progressive countries, their long term elm to encourage Joint 
international research and increase the world pool of knowledge on 
in f i l t ra t ion and ventilation, Much valuable but sporadic and 
uncoordinated research was already taking place and after some in i t ia l  
groundwork the experts group recommended to their executive the 
formation of an Air Inf i l t rat ion and Ventilation Centre, This 
recommendation was accepted and proposals for i ts establishment were 
invited internationally. 

( i i i )  



The aims of the Centre are the standardisation of techniques, the 
validation of models, the catalogue and transfer of information, and the 
encouragement of research, I t  is intended to be a review body for 
current world research, to ensure fu l l  dissemination of this research 
and, based on a knowledge of work already done, to give direction and 
firm basis for future research in the Participating Countries, 

The Participants in this task are Belgium, Canada, Denmark, Federal 
Republic of Germany, Finland, Netherlands, New Zealand, Norway, Sweden, 
Switzerland, United Kingdom and the United States of America, 

(iv) 



1. INTRODUCTION 

Vent i la t ion  requirements are f requent ly  expressed tn terms of the overal l  
" a i r  change rate" necessary to f u l f i l  ven t i l a t i on  needs. I m p l i c i t  tn th ts  
approach ts the assumption that  tncomtng at r  mixes uni formly wl th that  
already present tn the bu i ld ing.  In pract ice,  the behavtour of Internal  
a t r  movement Is not stra ight forward and much can happen to prevent the 
prescribed a l r  change rate from providing the required level of 
ven t i l a t i on .  The degree to which a ven t i l a t i on  system f u l f i l s  ven t i l a t i on  
requirements ts var iously described tn terms of " ven t i l a t i on  
ef fect iveness",  " ven t i l a t i on  e f f i c i ency " ,  " ven t i l a t i on  performance" and 
"local ven t i l a t i on " .  

Laret 1 ( In French) considers two aspects to ven t i l a t i on  e f f i c iency ;  these 
are the need to maintain thermal comfort by avoiding excessive draughts 
and the need to achieve the maximum exhaust of contaminants from the 
occupied zone for  any given ven t i l a t i on  rate.  S imi la r l y ,  Sandberg 2 
defines ven t i l a t i on  e f f i c iency  in terms of the e f f i c iency  of con t ro l l i ng  
contamination. These ideas are, perhaps, un iversa l ly  accepted. The 
d i f f i c u l t y  comes in representing these concepts tn the form of a precise 
d e f i n i t i o n  and in implementing an optimum ven t i l a t i on  approach. To 
achieve such object ives, many aspects must be considered. These include: 

- an understanding of room a i r  movement behavlour 
- regard for thermal comfort requirements 
- knowledge of the strength and locat ion of po l lu t ion  sources 
- deta i ls  of lnterzonal a i r  movement and contamination character is t ics  
- occupancy deta i ls  and d e f i n i t i o n  of zone of occupancy 
- bui ld ing atr t tghtness character is t ics  
- climatic data 
- steady state and transient ventilation performance 

Furthermore, the ca lcu la t ion of ven t i l a t i on  effect iveness or even the 
in te rp re ta t ion  of experimental data can involve a high level of numerical 
complexity. 

The object ive of th ts  report  ts to review the various de f in i t i ons  
associated with ven t i l a t i on  e f f i c iency  studies and to out l ine  the physical 
concepts, measurement methods and ca lcu la t ion techniques. I t  ts not 
intended to present the mathematical deta i l  since th is  is adequately 
covered by many of the articles referenced In the bibliography. Instead, 
the approach is one of outlining the background to ventilation 
effect iveness in terms of the need to provide both energy- and 
c o s t - e f f l c l e n t  ven t l l a t l on .  

To assist In comparing the needs of different countries or climatic 
regions, the country of a f f i l ia t ion of authors referenced in the 
bibliography, combined wlth a brief subject index, Is presented In 
Appendix I.  

2. CONCEPTS 

2. l Mlxlng and Alr Movement 

Ventilation effectiveness is related to the way in which fresh alr and 
polluted alr mix with the interior alr mass within a defined zone or 
location. The pattern of room air movement is driven by a combination of 
the momentum of the incoming air and the convective currents created by 
the thermal heating (or cooling) effects of surfaces, heat emitters and 
occupants, There are three extremes of mixing condition. These are 



( i )  Displacement flow 

This is also known as "piston flow" or "plug flow" and is  normally 
regarded as the most "ef f ic ient"  form of ventilation. Under these 
conditions, fresh air "displaces" contaminated air without actually 
mixing (Figure I ) .  In the industrial environment such ventilation 
is used to extract pollution at source by means of a fume hood and 
extractor fan, Make up air is supplied to the work space either by 
a separate mechanical supply system or by means of wall mounted 
passive vents. In the home, a similar objective Is achieved by 
locating extractor points in the bathroom and kitchen and supplying 
fresh alr to the l iving and bedrooms, Displacement ventilation In 
single rooms, such as offices, relies on thermal displacement in 
which fresh air at s l ight ly  below room air temperature is 
distributed at a low level and a very low speed (typical ly ~ 0.I 
m/s). This relatively dense alr  displaces the existing air mass 
which rises by convective heating and is extracted at ceiling 
l eve l ,  

i |  

Figure 1: Displacement flow Ireference 2) 

( i i )  Perfect mixing 

Under conditions of perfect mixing, incoming air continuously and 
uniformly mixes with the interior air mass (Figure 2), Thls is the 
most common design intention for mechanically ventilated commercial 
buildings. Perfect mixing Is frequently assumed to occur In 
individual rooms within buildings and is also normally assumed in 
numerical studies of ventilation and air in f i l t ra t ion ,  

i | | j l l  

C" 

Figure 2:. Perfect mixin 9 Creference 2) 



( i l l )  Short circuit ing 

This is the poorest ventilation condition in which fresh supply air 
is completely intercepted by the extract system without reaching 
the location at which ventilation is required (Figure 3). 

I I  i i  l i I 

(- F-" 
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Figure 3: Short circuit ing (reference 21 

In real i ty, a combination of these ventilation conditions wi l l  apply. 
Also conditions wi l l  be affected by occupancy and by the type and location 
of pollutants. 

2.2 Comfort Conditions 

In achieving optimum ventllatlon efficiency, the designer needs to be 
aware of comfort constralnts. Of special consideration is the air 
temperature, velocity and thermal gradient within the area of occupancy. 
Comprehensive and detailed requirements for comfort conditions are covered 
in ASHRAE Standard 55-19813. 

Z.3 Zone of Occupancy 

In some instances ventilation effectiveness relates to specific 1ocatlons 
within a room or building, while in others i t  applies to the "occupied 
zone" or region in which ventilation is required. In the home or office 
this most probably coincides with the heated or air conditioned space. In 
industrial units i t  w i l l  be the zone in which the operative is located and 
therefore could be confined to a relatively small part of the total 
building volume. Also of importance is whether the zone i t se l f  is 
physically divided into further zones by means of internal walls. While 
many authors have applied the concepts of ventilation effectiveness to the 
confines of a single enclosed volume, some have applied these ideas to 
describe the differing rates of air and pollution exchange taking place in 
each room. 

Ventilation effectiveness must thus be considered for the following 
conditions: 

( I )  A specific local i ty or local i t ies within a zone. 

( I I )  Average conditions throughout a single zone. 

( i l l )  Comparison of ventilation rates and pollution transfer between 
bounded zones or rooms. 



2.4 Alr In f i l t ra t ion  and Natural Ventilation 

Excesslve alr  i n f i l t ra t ion  wi l l  interfere with the design intentions of 
mechanical ventilation systems. In particular, air  change rates and 
airflow patterns wl l ]  become subject to the vagaries of climate. 
Similarly, under conditions of natural ventilation, air change Is 
influenced entirely by the location and type of openings and by the 
driving forces of wlnd and temperature. This does not materially effect 
any definit ion of ventilation efficiency or any measurement approach but 
clearly the effectiveness should be expressed for the range of conditions 
to which the building is subjected. 

2.5 Steady State and Transient Conditions 

Sandberg s emphaslses that, to fu l l y  characterlse a system, Its performance 
In both the transient and steady state phase must be considered. For 
example, In dwellings the longer term pollution level Is most important 
but in industry, where perhaps there is a sudden release of toxic gas, the 
transient effect is important since I t  Is necessary to know how rapidly 
the concentration can be brought below a required level. Sherman s shows 
how the behavlour of ventllation efficiency Is strongly dependent in the 
tlme scale of interest. For long periods, e.g. weeks or months, the 
ventllatlon efficiency shows relatively 11ttle variation. On the other 
hand, for short periods, ventilation efficiency Is very varlable and 
correlates to the ven t l l a t l on  rate. 

. DEFINITIONS OF "VENTILATION EFFECTIVENESS" 

Much progress has recent ly been made in deftntng ven t i l a t i on  
effect iveness, Sandberg%~, 7 suggests that ven t i l a t i on  e f f i c iency  should be 
used to express the a b i l i t y  of a system to evacuate po l lu t ion  o r ig ina t ing  
from a source In a room. He argues that  t t  Is not possible to make a 
s ingle d e f i n i t i o n  of ven t i l a t i on  e f f i c iency  that  sa t i s f i es  a l l  
requirements, The appropriate c r t t e r t a  of e f f i c iency  must be selected on 
a basis of what ts regarded as the most desirable qua l i t y  of the 
ven t i l a t i on  system. 

To f a c i l i t a t e  the determination of ven t i l a t i on  effect iveness, Sandberg 
defines a series of system parameters whtch sa t ts fy  the fo l lowing 
c r i t e r i a :  

- They are general, In the sense that  by ustng them the system performance 
can be assessed for  d i f f e ren t  operating condit ions. 

- They can be measured wtth less e f f o r t  than ts required to stmulate the 
actual operating condi t ions. 

The fo l lowing such parameters are defined 



( i )  Nomlnal alr  exchange rate. 

Thls applies to the conditions of "perfect" mixing and Is given by 

n - Q/V r 

where Q = ven t l l a t l on  a l r  f low supply rate 
V r - to ta l  room volume 

Thts ts the c lass ica l  ven t i l a t i on  rate and, subject to unlform 
mtxtng, both the t rans ien t  change tn po l lu t ion  concentrat ion and 
the steady state concentrat ion can be completely described by th ts  
parameter under condit ions of per fect  mtxtng. 

( t l )  "Age" of a i r ,  in terna l  age (-t, -r i ) 

When mlxlng Is not perfect ,  the a l r  enter ing any part  of the room 
ts a mtxture of rect rcu]ated and " f resh"  a i r .  The "freshness" of 
the a i r  and t t s  d11utton capab i l i t y  at a pa r t i cu l a r  point  ts 
characterlsed by i t s  "age". The "age of a l r "  at a polnt  Is deflned 
as the tlme, ~, that  has elapsed slnce the a l r  entered the room. 
Thls has also been cal led " In te rna l  age". 

( 1 t t )  Age d i s t r i b u t i o n ,  A j (~)  

The age d i s t r i b u t i o n  Indicates the f rac t ion  of a t r  wtth an age less 
than or equal to a reference ttme (T).  

( l v )  Average age or local residence time, 

Thts Indicates the age of a t r  at a potnt.  The younger the a t r  the 
bet ter  t t s  d t l u t l on  capab i l i t y .  

(v)  Residual l i f e t ime ,  Trl 

Thts ls the ttme a f l u i d  element w i l l  spend wi th in  a room before 
leaving i t .  

( v l )  Residence ttme, T r 

Residence t t m e t s  the age of a f l u td  element when t t  leaves a room. 

(v11) Nominal tlme constant, T n 

Thls is the Inverse of the nomlnal a l r  exchange rate,  I .e .  T n = V 

(v111) Tlme durat lon of discharge. 

The perlod over which a po l lu tan t  discharge occurs. A " b r i e f "  
dlscharge is less than the nominal tlme constant, whereas a 
prolonged discharge w111 be much greater.  

The exposure of a b r i e f  discharge is charactertsed by t ts  maximum 
concentrat ion and the to ta l  time integrated exposure. The exposure 
from a prolonged discharge is t o t a l l y  charactertsed by l t s  
equ i l ib r ium concentrat ion. In other words, a b r i e f  discharge may 
be d11uted by the surrounding a t r  volume whi le a prolonged 
discharge ts only d i lu ted by the f low rate of a i r .  



(ix) Turnover time, T t 

The turnover time is the steady state room content of contaminant 
(M®) divided by the continuous emission rate, m. 

Note: For a contaminant released within a room, the mean residence 
time is equal to the turnover time. 

(x) Effective flow rate, Qeff 

This parameter is defined by the equation 

Qeff : v 
T t 

(xl) 

The effective flow rate is not a physical flow rate. I t  can be 
either greater than or less than the nominal flow rate. When 
complete mixing occurs i t  Is equal to the nominal flow rate. 

Mean internal age of contaminant, p (i) @ 

The average length of tlme that a contaminant remains in the 
enclosure. 

(xl l )  Local "purging rate" or local "purging flow rate", Vp, 

This term expresses the net rate at which a contaminant released 
from a point source flows towards the extracts and from the room. 

Based on these concepts, Sandberg presents the following defini t ions of 
venti lat ion eff iciency. These are: 

( I )  Relative venti lat ion eff iciency. 

The relat ive venti lat ion eff iciency expresses how the system's 
venti lat ion ab i l i t y  varies between di f ferent parts of a room. Using 
values of the steady state condition, the relat ive ventl lat ion 
eff iciency, ¢~, in a given point, J, In the room is defined as 

J 

s _ Ct 
c~ - C/ x 100% 

J - c t 
J 

where c)= 
C s = 
J 

C t = 

the concentration in the exhaust air  terminal 

the concentration at point, j 

the concentration in the supply air  terminal 

Thus the e f f i c i e n c y  ts expressed wi th reference to the d i f fe rence 
tn concentrat ion between the exhaust and supply a i r ,  

The value of  the r e l a t l v e  v e n t l l a t l o n  e f f l c l encYr lS  always pos i t i ve  
and can be greater  than 1. When C; - C I,  then E; - 1. The 
r e l a t i v e  v e n t i l a t i o n  e f f i c i e n c y  tsJa measure of  ~ isperston and does 
not take in to  account absolute concentrat ion levels  or 
concentrat ion changes from the o r i g i n a l  concentrat ion leve l ,  

6 
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( I I )  Overall relat ive venti lat ion eff iciency. 

An overall measure of the relat lve venti lat ion eff iciency Is 
provided by substituting the mean concentration In the whole room, 

In the d e f i n i t i o n  above, In place of the local contamination 
concentration, Cj. 

C/ - C t 
[ r  _ x 100% 

C s _ C t 

In terms of system parameters 

~r = Tn/T t X 100% 

= Qeff/Q x 100% 

The overall relat ive venti lat ion eff iciency therefore provides an 
"averaged" value for the entire enclosure rather than a point 
value, 

Another def in i t ion of venti lat ion eff iciency proposed by Sandberg 7 
relates to the maximum level of concentration in the room, Cma x. 
Thls is given by 

S _ Ct C; 
~max x 100% 

Cma x - C t 

( i i i )  

At perfect mlxlng the room concentration is the same as the exhaust 
concentration and Ema x - lOOZ. The eff iciency wl l l  never exceed 
thls value, therefore no dist inct ion Is made between plug flow and 
complete mixing. 

Absolute venti lat ion eff iciency. 

Absolute venti lat ion eff iciency expresses the ab i l i t y  of the 
venti lat ion system to reduce a pollution concentration In relation 
to the feasible theoretlcal maximum, i .e.  i t  shows by how much a 
pollutant concentration in a space can be reduced but i t  does not 
indicate the time i t  takes to reach this condition. 

s c(0) s 
= c(0) cj x 100  : cj 

J ACma x C(O) - C t 
x 100 

where C(O) = i n i t i a l  pollution concentration 

aCma x = difference between the i n i t i a l  pollution 
concentration within the room and that of 
the supply (outside) air  

C~ = concentration at point 
J 



( lv)  Transient relative ventilation efficiency. 

(v) 

Transient relative efficiency is the term used to describe the 
effect of transient or non-steady conditions, for example, the rate 
of removal of a pollutant following the cessation of emission, i.e. 
the supply concentration C~ - O. At the time, • , the transient 
relative efficiency, Ctr ~ ,  Is given by 

Ctr(T) Cj(T) 
- x I00 

es(T) 

Relative air diffusion efficiency. 

One of the most important factors determining air quality is the 
flow pattern of the supplied outdoor air within the room. As a 
mean measure of how efficient the air flow is, the room average of 
the internal age of the supplied air may be taken, ~Jl). 
(previously defined by Sandberg as the mean internal'age or average 
internal age of the contaminant). 

A relative air diffusion efficiency for the whole enclosure can be 
defined as 

T n c a 

where t = the nominal time constant n 

The theoretical upper l imit  of this parameter is 200Z corresponding 
to plug or displacement flow. For a homogenous contaminant the 
room concentration is quantified entirely by the air diffusion 
efficiency. For other contaminants i t  can be used as an air 
quality indicator. 

Skaret B defines the objective of the ventilation process as maintaining 
air quality in the zone of occupation. In this respect adverse air 
temperature can also be treated as a contaminant. Contaminant levels are 
expressed as concentrations, e.g. for chemical substances ppm or mg/m 3, 
and for heat kJ/m 3, He also indicates that almost all ventilatlon 
processes are governed by turbulent diffusion and that the turbulent 
diffusion constants are approximately similar for both heat and respirable 
air particles. However the performance of a system depends on the 
location of the source of contamination and on the density of 
contamination compared to the density of room air. 

Skaret 9 provides two definitions of ventllation efficiency. These are: 

(i) The ratio between the pollutant (tracer) concentration in the 
working zone under normal conditions and the concentration under 
fu l ly  mixed conditions. 

( i i )  The ratio between the concentration in the exhaust air and the 
concentration in the working zone (cf Sandberg's overall relative 
ventilation efficiency). 

8 
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Both these definitions can be applied to both the transient and steady 
state. They provide both information on the rate of removal of 
contamination and, under steady state conditions, a measure of the 
system's capacity to keep contamination at a low level In the working or 
occupied zone. 

In a more recent publication, Skaret1°Introduces a clear distinction 
between "efficiency" which he reserves for describing air flow 
characteristics, and "effectiveness" which he relates to the mixing and 
dispersion of pollutants. In particular he points out that while some 
contaminant sources are more or less evenly distributed throughout the 
room and behave approximately as the ventilation air, other contaminants 
develop their own flow patterns which are superimposed on the ventilation 
alr  flow pattern. 

"Time" parameters are used to quantify ventilation efficiency and 
effectiveness. These are given as follows: 

( i )  Transit time, z n 

This corresponds to Sandberg's "nominal time constant" and is the 
inverse of the air exchange rate under conditions of perfect mixing 
(normal air exchange rate). 

( i l )  

( i l l )  

Residence time for the alr in the room, T r 

The residence time refers to the age of air  when i t  leaves the 
room. Skaret shows that, for complete mixing, the average 
residence time for room air is twice the transit time, For "plug" 
or "displacement" flow the residence and transit times are 
identical, 

C 
Average transit time for contaminant flow, T t 

This parameter is analogous to transit time for air flow, T n, but 
relates to the flow of contaminant. 

(iv) Local mean age, ~I 

The mean age of air at a specific local i ty, e.g. within the 
occupied zone. 

The resultant definitions of ventilation efficiency and effectiveness are 
as follows 

( i )  Average air exchange efficiency, (<ha>) 

Thls is defined as the ratio between the transit time for the 
ventilation air flow and the average residence time for the room 
a i r . ,  i .e. 

T n 
<(ha)>_ _ - x 100% 

T r 

F o r :  

Stagnant flow = 
Complete mixing = 
Displacement flow 
Complete displacement = 

0 < n a < 50% 
<ha> = 50% 
50% < <ha > < 
<ha > = 100% 

100% 



( l l )  

This expression only reflects the gross flow pattern for the entire 
enclosure, 

Local air exchange indicator, ~a 

This term relates the average age of the total air mass to that 
within the zone of occupation. I f  the air  arrives at the zone of 
occupation sooner than to other parts of the room. the mean age of 
the air within thls zone is lower than the room average mean age. 
On the other hand, I f  i t  arrives later the age is higher than 
average. The average age of room air,<Ti> , is always half the 
residence time. The local air  exchange indicator Is the ratio 
between the average and local age which is therefore given by 

c a 

-[ 
r 

2T i 
x 100% 

( i l l )  Local e f f i c iency ,  

The local e f f i c iency  indicates the ven t i l a t i on  e f f i c iency  wi th in  
the occupied zone or zone of in te res t  and is 

<na>E a 

(iv) Average ven t i l a t i on  ef fect iveness,  < c> 
v 

This term is concerned with po l lu tan t  concentrat ion. I t  is the 
r a t i o  between the steady state contaminant concentration in the 
exhaust a i r  and the steady state average concentration of the 
contaminant tn the room. I t  Is also equivalent to the r a t i o  
between t r a n s i t  time fo r  ven t i l a t i on  a i r f l ow  and the t r a n s i t  ttme 
for  contaminant f low, i . e .  

+ 
<cc> _ _ n 

v < C I ( ® )  > 

where C(•) = steady state exhaust concentration e 
<Ci(®)> = steady state average foom concentration 

(v) 

Note: Under condit ions of complete mtxtng <E~> : I. 

Contaminant removal e f f i c iency ,  <n~> 

Under condit ions of complete mtxtng, the p robab i l i t y  of a 
contaminant staytng tn the room is equal to the p robab i l i t y  of i t  
leavtng, t .e .  the p robab i l i t y  of leavtng ts 0.5. As the t r ans t t  
time for  contaminant f low tends to zero, the average ven t i l a t i on  
ef fect iveness tends to l n f t n l t y  and the p robab i l i t y  of the 

10 



contaminant to leave the room tends to I, l,e. expressed as a 
percentage this probability can be expressed as a contaminant 
removal efficiency by the expression 

C < £  > 

<n~> - v x 100% 
l+<ec> 

V 

In which case, for complete mixing 

<n~> = 50% 

(vi) Air quality i ndex ,  
V 

Thls term replaces the efficiency concept and is the ratio between 
the concentration of contaminants in the exhaust duct and the 
concentration in the zone of occupation, i.e. 

Ce(-) 
v Cl(  ) 

This parameter can be used as a design guideline in which efforts 
should be made to maximise i ts value. 

Janssen et al ii,12 used the concepts of ventilation efficiency to describe 
incomplete mixing within the occupied zone of a room ventilated by means 
of a typical supply/extract/recirculation system. A simple model 
representation was used in which the concepts of "strat i f icat ion factor" 
and "recirculation factor" were introduced to describe ventllation 
efficiency in a mechanlcally ventilated office. These parameters are 
defined by the following: 

( i )  Stratif ication factor, s. 

The strat i f ication factor is the fraction of airflow that bypasses 
the occupied part of the room, thus the quantity ( l -s)  is mixed 
with room air. 

( I I )  Reclrculation factor, r. 

This is the fraction of the total return flow from the room that is 
recirculated. 

( i l l )  Ventilation efficiency, n v 

In terms of strat i f ication and recirculation factors, the 
ventilation efficiency is given by 

]-S 
nv = l - s r  
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Offermann et a113 relate ventilation efflclencles or local alr exchange 
rates to the reference condition of perfect mixing, Three definitions of 
ventilation efficiency are considered, These are 

(1) Nomlnal ventilation efficiency 

This refers to the spatial increase in tracer gas decay rate with 
the operation of a "local" a i r - to-a i r  heat recovery/ventilation 
systems compared with the increase that would occur in the 
reference case, This gives a global indication of the effective- 
ness of introducing a specific mechanical ventilation system but 
provides no spatial information on effectiveness, 

( I I )  Local ventilation efficiency 

This is the relatlonship between the local air exchange rate 
observed at a sampling point wlth the ventilation system operating 
compared with the local air exchange rate measured at the same 
point when the ventilation system is not operating, 

( I I I )  Relative ventilation efficiency 

This is the relationship between contaminant or tracer 
concentration in the exhaust air stream compared with the 
concentration at an indoor location, In the reference case of 
perfect mixing, the resultant efficiency would be IOOZ. This 
definit ion compares with that of relative ventilation efficiency as 
used by Sandberg 4, 

In addition to the above definitions of ventilation effectiveness and 
associated parameters, the following have been used by various authors in 
connection with thls topic, 

( i )  
( i l )  

Skaret 14, 
Single room effectiveness, 
Distribution effectiveness, 

( i l l )  

Skaret Is. 
Turnover time for contaminant flow. 
Turnover time for ventilation airflow through the room, 
Turnover time (average alr exchange time) for the total volume of 
air in the room, 

Dtckson 16. 
Medtan residence ttme or age,~ s, 
(The ttme taken for  ha l f  the t racer  gas or contaminant, fo l lowing a 
pulsed discharge, to pass through the exhaust a t r  terminal ) ,  

Sandberg 17, 
Temperature e f f i c iency ,  
(A measure of a systemms capab i l i t y  to supply heat to the occupted 
zone). 

Roussel et al 18. 
Captive e f f i c iency ,  
(Thts is deftned as the f rac t ton of airborne contaminants generated 
by a po l lu t ion  source that  is captured by a local exhaust 
ven t i l a t i on  system). 
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4. MEASUREMENT TECHNIQUES 

4.1 Introduction 

In many instances a "uniformly distributed" tracer gas is used to 
represent a homogeneous pollution source, Sometimes tracer gas is 
injected into the supply duct to trace the progression of "fresh air", 
Another a]ternative is for tracer gas to be injected at a specific point 
or zone within the building to represent a point source of pollution. 
Normally tests are conducted in the "transient" phase, i,e, the time 
varying behavlour of tracer gas over a period Is monitored, These results 
may generally be used to analyse both the transient and steady state 
nature of ventilation effectiveness. 

This section presents a general review of measurement techniques and is 
subdivided into sections covering general methods, measurements in large 
single zone buildings, multi zone buildings and naturally ventilated 
bulldings. 

4,2 General Methods 

Sandberg 6,7 points to two methods for measuring ventilation 
effectiveness. These are direct measurements of air flow (anemometry) and 
tracer gas dilution. Of the f i r s t  technique, Sandberg advises that the 
measurements themselves are extremely d i f f i cu l t  and that advanced 
calculation techniques are required to determine the resultant 
distribution of pollutant in a room from such measurements. On the other 
hand, he states that the use of tracer gas is more attractive from a 
practical viewpoint and that this approach also enables a direct 
observation to be made of the system's capacity to "wash out" pollutant. 
Several tracer gas methods are considered and in each case the essence of 
the exercise Is to measure the "transient relative ventilation efficiency" 
and the "steady state relative or absolute ventilation efficiency". The 
f i r s t  technique proposed is the classical decay method in which tracer gas 
is uniformly mixed to an even concentration, Cn, the mixing fans are 
turned off, and the tracer gRs deca~ Is recorded at different locations. 
The second technique is the source method in which a constant 
concentration of tracer gas is monitored in the supply air and the 
increase in concentration in other parts of the room is monitored. The 
final technique is the "pulse" method in which a pulse of tracer gas is 
admitted to the supply alr and the resultant rise and decay at points of 
interest is continuously recorded, In terms of numerical interpretation, 
the f i r s t  two techniques are Identical, although i t  is pointed out that a 
disadvantage of the "decay" technique is that the velocity f ield created 
by the ventilation system is affected by the mixing fans. 

There are several ways of analysing the data. Where the decay (or rise) 
In tracer gas concentration is measured at several locations in an 
incompletely mixed system, Sandberg concludes that 

- the decay rate varies i n i t i a l l y  both with location and time, but after a 
certain period of time i t  becomes constant and equal at each location. 

- when the decay rate is constant and equal at every point, i t  reflects 
only the overall ventilation rate, 

- no unique "local air change rate" can be defined for the whole process 
from the slope of the tracer gas curves. 

- I t  takes a certain period before the differences in ventllatlon 
efficiencies have completely taken effect, 
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Although the decay rates themselves provide l l t t l e  information on 
ventilation efficiency, the differences in concentration at each location 
can be utl l ised since the ratio between the concentration in the exhaust 
duct and at any point within the room may be used as a measure of the 
"transient relative ventllation efficiency". Additionally, this ratio Is 
shown to be proportional to the steady state efficiency, 

Sandberg goes on to show that the transient ventilation efficiency may be 
represented by the areas under the dilution curves, i .e. 

T r 
E 

= C~rdT I o 

C~rdT Io 

where C ~r 
J 

- the tracer gas concentration at an arbitrary point 
within the room at any given instant in time. 

Assumtng a "passive" pol lu t ion source, t .e.  a pol lutant  that does not 
af fect  the veloct ty f te ld  created by the vent i la t ion system, i t  is shown 
that from such data the residence tlme and steady state re la t ive  
ef f ic iency may be determined. 

Not only do the results apply to a homogeneous passive pol lu t ion source 
but also to a point source wtthln the room. In theory an t n f i n l t e  time 
must pass tn order to execute an "under the curve" tracer gas analysis 3. 
However, once the monitored decays are exponential, the remaining part of 
the decay curves may be readi ly calculated, 

Sandberg concludes that the area of the d i lu t ton curve approach is a 
better defined measure of vent i la t ion  ef f ic iency than ei ther the slope of 
the decay curve or the ra t io  between decay curves at d i f fe rent  locations. 
Thts ts because a l l  the information about the vent i la t ion approach ts 
taken tnto account and that the area represents a "smoothed" measure of 
the resul ts,  

Pederson 19 describes a measurement technique in whtch vent i la t ion 
ef f ic iency can be determined by measuring the tracer gas concentration at 
a single measurement point. The method Is to measure the room a i r  change 
rate during a cycle of complete mlxtng by measuring the tracer gas decay 
rate tn the exhaust a i r  duct. The measurement ts then repeated with the 
mtxtng fans switched of f .  The ra t io  of the two a i r  change rates is used 
as a measure of vent i la t ion ef f ic iency.  Vent i lat ion ef f ic iency determined 
tn th is  way ts l tmlted to expressing the average ef f ic iency for the whole 
room wtthout the poss ib i l i t y  of Indicat ing areas tn the room of 
pa r t i cu la r l y  high or low ef f ic lenctes.  

4.3 Large, Stngle Zone Buildings 

Dlckson 16 descrlbes the appl lcat lon of vent l la t ion  ef f lc lency measurement 
technlques to large single zone enclosures wlth capaclt les varying from 
between 2650m 3 to 14000m 3, The vent l la t lon  ef f lc lency at a specl f lc  
locatton is measured by releasing a pulse of t racer gas at the chosen 
location and measuring the integrated concentration vs time at the exhaust 
terminal or duct, i .e .  "area under the curve approach". 
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A "median" residence tlme or age, T s, is used to define the time taken for 
half the tracer gas to reach the exhaust air terminal. The ventilation 
efficiency can then be obtained by comparing T s wlth the median residence 
tlme which would occur I f  the alr in the space was completely and 
uniformly mixed, T x, Thls-latter value is inferred from the equation 

T x = 0.693/A 

where A - average alr change rate/unit tlme 

Ventilation efficiency is equivalent to Sandberg's "relative air diffusion 
efficlency ''2°, i.e. 

T x 

C - 

T s 

The air change rate, A, is determined from the tracer concentration decay 
rate during the latter part of the test. 

Skaret 21 considers the solution of Industrlal ventilation problems by the 
use of small scale physical flow models in which water is used to 
represent air flow. The basis for scaling is the Archlmedian Number, A r, 
together wlth geometric scaling. An advantage of this approach Is that 
velocities in water models are very low, thus the tlme scale is 
correspondingly increased with the result that "slow motion" vlsualisatlon 
of the flow pattern is posslble. Secondly i t  is very easy to observe flow 
patterns wlth the use of dyes. 

4.4 Multi. Room Buildings 

Skaret and Mathlsen14emphasise the need to differentiate between single 
room effectiveness and distribution effectiveness (air flow between rooms) 
In multi-room buildings. The air flow rate between rooms can be 
determined by tracer decay starting from a condition of uniform mixing 
throughout the building. I t  Is theoretically possible to calculate the 
flow of outside alr to each room and the flow of air between rooms by 
solving the complete mass balance equation but, more generally, the flow 
of outside air to each room is determined by performing a constant 
concentration tracer gas test. 

Sandberg and Blomqvlst 22 describe multi-zone ventilation efficiency 
measurements in dwellings f i t ted with mechanical extract and with balanced 
ventilation system. The efficiency tests were undertaken by releasing 
nitrous oxide into each room and mixing with fans. A constant 
concentration was maintained to determine the flow rate of outdoor air 
into each room. The mixing fans and gas release were then stopped and the 
decay In tracer concentration used to determine the mean age of alr in 
each room and the mean age of all the air present in the house. For the 
kitchen tests, 3.6 l i t res of tracer gas were released in the room and 
thoroughly mixed. The gas concentration in other rooms was then monitored 
to determine the degree of transfer. This test was repeated for the 
bedroom. 

Janssen et a111 present a series of tracer gas measurements which 
i11ustrate incomplete mixing in mechanically ventilated offices. Tracer 
gas was injected into the supply duct and the decay in concentration was 
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measured In the return register  in each room. A typical  decay curve 
l l lustrated a dist inct change In gradient after a period of time, 
indicating an apparent hlgh i n i t i a l  air change rate followed by a lower 
steady state "equilibrium" rate. The apparent difference was attributed 
to the incomplete mixing of supply air. In other words, air from the 
supply registers circulated across the ceiling to the return registers 
without mixing In the occupied zone, 

HarrJe 23 describes a number of techniques suitable for measuring airflows 
and ventilation effectiveness In multlzone buildings. He shows that 
di lut ion of single tracer is adequate for a well coupled two zone building 
whereas multiple tracers are needed to characterise flows among more 
zones. Particular attention is devoted to the description of the constant 
concentration technique using a single tracer. I t  is stressed that 
although thls method does not fu l l y  characterise al l  interzonal airflows 
In the building, I t  can be useful in analysing the dilution of indoor 
pollutants and the ventilation efficiency. 

Perslly 24'2s'26 describes in considerable detail problems associated with 
the measurement of ventilation effectiveness in large multl-zone office 
buildings. He especially addresses d i f f i cu l t ies  associated with air 
recirculation systems and the interaction of a i r i n f i l t r a t l o n  with 
mechanical ventilation. The use of decay techniques and constant tracer 
injection are described. However, Perslly states that techniques to 
measure ventilation effectiveness in buildings with ventilation systems 
operating wlth reclrculation are not yet complete and only limited 
evaluation is possible, 

Flsk et a127 have developed a comprehensive automatic mul t i - t racer  gas 
system for measuring vent i la t ion rates and overal l  and local vent i la t ion  
ef f lc lenctes tn large bui ldings, The system includes a programmable 
tracer gas in jec tor  and a sampler which is capable of co l lect ing up to 
th i r ty  samples of alr. 

4,5 Natural Ventllatlon 

So far measurements have been concerned with mechanically vent i lated 
enclosures in which an extract and/or supply duct has been a paramount 
requirement. Freeman et al 2B discuss the theoret ical  concepts and 
measurement of vent i la t ion  ef f ic iency In a natura l ly  vent i lated multi-zone 
dwell ing, The purpose of the tests was to provide an insight  into the 
re la t ive  vent i la t ion  ef f ic iency of each room and to obtain an indicat ion 
of the exposure to an airborne contaminant. Constant concentration 
measurements were made to determine ( t )  the overal l  fresh atr  change rate 
and ( t l )  the individual room fresh a i r  change rate. Tracer gas decay 
tests were then performed without a r t i f i c i a l  mixing to determine the local 
ventt ]at ton rate, Comparisons of the two sets of results gave the 
vent i la t ion  ef f ic iency of each cel l  and an ldea of a i r  qual i ty  tn each 
room, Further deta i ls  on at r  movement between rooms were obtained by 
in ject ing tracer gas tn one room and fol lowing t ts  progression to a11 the 
remaining rooms, 

The decay commenced from a condition of uniform concentration C(O) 
throughout the house, The local ventilation rate In each room, r, was 
then determined by 

r - 

where A = the integrated exposure or area under the 
concentration vs ~Ime curve. 
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This local ventilation rate was compared with the fresh air exchange rate 
as determined by the constant concentration technique. A local 
ventilation rate comparable wlth the fresh alr exchange rate corresponds 
to perfect mixing, while the larger the local ventilation rate, the 
~reater the ventilation efficiency. Results of measurements for both 
homogenous" pollution, i.e. starting from uniform pollutant 

concentration, and for point pollution showed that with internal doors 
open good mixing was achieved. Also i t  was shown that mixing between 
floors is better when the house is heated than when i t  is not heated. 

Maldonado and Woods 29 also consider the measurement of ventilation 
efficiency in a naturally ventilated dwelling. Essentially the efficiency 
is measured in each room using the "area under the tracer gas curve" 
method of Sandberg 4 . A reference case is chosen which in this case 
relates to tracer gas decay in the living room. Thus the local 
ventilation efficiency in each room was compared to the living room 
value. Mixing fans were used to uniformly mix SF6 tracer gas. Injection 
was then stopped, the air circulation system turned off and 
interconnecting doors closed. The concentration decay in each room was 
then measured using multi point sampling and a single gas sampler. 
Maldonado concludes that, even i f  the quantification of the ventilation 
efficiency is not immediate, ranking of the performance of the differen~ 
zones is. This technique was subsequently used by Maldonado and Woods °v 
as a procedure for f ield surveys of indoor air quality in energy eff icient 
residences, 

. DESIGNING FOR AIR QUALITY AND THE REMOVAL OF CONTAMINANTS 

The key requirement for ventilation is the need to remove contamination 
and to maintain adequate indoor air quality. Meyrlnger 31 suggests that a 
ventilation system claiming to be eff icient must meet the following 
requirements= 

( i )  
( i i )  
( I l l )  
(iv) 

I t  must establish hazard-free air quality. 
I t  must satisfy user comfort. 
I t  should be energy eff icient. 
I t  must be cost effective. 

While measurement techniques provide a method for  observing the behaviour 
of ven t i l a t i on  systems for  a spec i f ic  set of condit ions, they do not 
necessari ly provide design information for  rep l i ca t ion  elsewhere, This 
problem has been approached tn a number of ways, 

Sandberg 32 (in Swedish) notes that while there is no universally accepted 
term for describing the efficiency of ventilation in terms of pollution 
removal, there is now sufficient data to determine the difference in 
abi l i ty  of different ventilation systems to evacuate pollution. He 
further argues that the most adequate single parameter, when assessing 
health effects, is the mean value of contaminant exposure, both with 
regard to time and space. 

Skaret 33 has developed a set of design rules. These are: 

( i )  

( i i )  

Atr exchange e f f tc tenc les  should be greater than 50% (per fect  
mixing) and the local age of a i r  tn the occupted zone should be 
greater than the average age. 

Contaminant concentration in the occupied zone should be less 
than the room average. I f  conditions close to the contaminant 
source cannot be properly controlled by general ventilation, 
then local elimination techniques must be applied. 
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The most  common approach to producing design guidelines has been to 
undertake systematic studies in which the behaviour of many combinations 
of ventilation strategy have been monitored under controlled conditions. 
Thls has enabled inferences to be made regarding the optimum approach to 
ventilation for a specific range of conditions, 

Sandberg and Svensson 17 present the results of a series of ventilation 
efficiency measurements in which the following parameters are 
systematically varied: 

( I )  The position of supply and exhaust registers, 

( i i )  The ventilation air flow rate, 

( i l l )  The temperature of the supply air relative to the mean temperature 
in the occupied zone, 

The tests showed that the ventilation efficiencies vary considerably 
between different ventilation configurations depending on the supply 
temperature and the placing of registers, The best efficiencies were 
obtained with the supply and exhaust registers mounted far apart and when 
the air was supplied in a direction opposing the action of thermal forces. 

In a subsequent publication Sandberg et al 34 report on the results of over 
I00 tests on 6 different warm air systems. The temperatures and the 
removal of tracer gas were monitored at several locations and the data 
used to determine both the temperature and ventilation efficiencies, For 
each system systematic adjustments were made to air flow rates and supply 
temperature, 

Sandberg further outlines a series of experiments 111ustratlng the 
performance of the following ventilation configurations: 

( i )  Supply and extract terminals located in the ceiling, 

( l i )  Supply terminal located in the ceiling and extract terminal located 
at floor level. 

( i l l )  Supply terminal located at floor level and extract terminal located 
in the ceiling, 

Contaminants of varying density were released for both unoccupied and 
simulated occupancy conditions, These tests showed that parallel flow 
systems, where the air and the contaminant moved in the same direction, 
gave rise to the lowest average room concentration. This implies that a 
" l ight"  contaminant is best evacuated by a floor-to-ceil ing system, 
However, Sandberg 3s emphasises the need to consider the effects of 
secondary flows, e.g. occupants, A system that works well as a parallel 
flow system in an empty room may, when occupied, change to a "counter 
flow" system, 

Malmstrom and Ahlgren 36 also describe the results of systematic tracer gas 
tests involving occupancy. These showed that "displacement" ventilation, 
in which air was supplied at a low level and extract took place at ceiling 
height, gave the lowest concentration of contamination in the occupied 
zone ,  

In another series of tests, Boman 37 describes the results of measurements 
made on balanced supply/extract mechanical ventilation systems, in which 
the location of the supply registers and the temperature of incoming air 
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was varied. In each case the exhaust terminal was located above the 
occupied zone. Highest ventilation efficiencies were obtained for the 
supply of air at low level, while the most common supply configuration in 
which air is supplied above the occupied zone was found to cause a certain 
amount of shortcircuiting. An improved measure of ventilation efficiency 
was obtained by supplying air at a sl ightly lower temperature than that of 
the ambient air within the room. 

Skaret and Mathlsen 3B describe a series of f ield measurements i l lustrat ing 
the benefits of displacement ventilation. Ventilation air is supplied to 
the occupied zone at low velocity and at sl ightly lower temperature than 
that of the room air. Paalanen 39 (in Finnish) also shows that "piston" or 
"displacement" ventilation is more eff icient than "mixing" for removing 
impurities. 

Martinsen4°(in Norwegian) reports on the results of measurements of 
ventilation efficiency in a ful l  scale model of a small office and shows 
that higher air flow rates give lower pollution concentrations in the 
occupied zone. On the other hand, increased heat gains give higher 
concentrations of pollution. 

Skaret Is emphasises that air and contaminants distribute differently in a 
ventilated space. He outlines a series of experiments which were made 
partly to demonstrate the usefulness of age analysis to assess air quality 
and to describe the flow patterns in a ventilated space, and partly to 
examine how details like ventilation schemes, heat sources and types of 
contaminant sources influence the removal of pollutant. He shows that the 
average air exchange effectiveness alone does not account for air quality 
in the zone of occupation. The measurement of the "turnover time" for the 
contaminants improves the information and gives the correct "qualitative" 
information. On the other hand, measurements of the actual concentration 
of contaminants give the most accurate information. 

Revzan 41 analyses the effectiveness of contaminant removal using range 
(cooker) hoods and window fans. Results tended to be highly dependent on 
environmental conditions while in all cases the results indicated the 
importance of free convection in pollutant transport. Maki and Woods 42 
provide an analysis of the dynamic behaviour of pollutants generated by 
indoor combustion. They show that in non-steady conditions i t  is invalid 
to assume that pollutants from a local source disperse uniformly 
throughout the building. This has important implications in evaluating 
ventilation effectiveness. Sandberg 43 compares the performance of several 
ventilation configurations in minimising pollution concentration. 

. NUMERICAL CALCULATION TECHNIQUES 

Multi-zone in f i l t ra t ion or Interzonal airflow methods such as those 
outlined in the Air Inf i l t rat ion and Ventilation Centre's Calculation 
Techniques Guide 44, provide the basis for predicting in f i l t ra t ion rates, 
exf i l t rat ion rates and the effects of air leakage on mechanical 
ventilation. They may also be used to estimate airflow patterns and 
airflow rates between interconnecting zones. In essence the assumption of 
perfect mixing within each zone is made and, subject to this condition 
being satisfied, the dilution and dispersion throughout a building of a 
homogenous contaminant or the time variant concentration within a single 
room may be predicted. Herrlin and Malmstrom 4s give examples of the use 
of this approach for simple combinations of two rooms. Calculations of 
local concentrations, ventilation efficiency and air exchange efficiency 
are presented for a variety of ventilation schemes. Railio 46 and K1obut 47 
also describe the application of interzonal airflow models for ventilation 
efficiency calculations. 
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Where perfect mixing within a room or zone cannot be assumed, the 
numerical computation of alr movement and convective heat transfer within 
each room must be considered. Such an approach involves a considerable 
degree of numerical complexity involving the simultaneous solutlon of 
either the 2- or 3-dlmenslonal equations of Momentum, Energy and Mass. 
Whlttle 4B presents a comprehensive review of this subject in which the 
fundamental conservation equations are described and a numerical procedure 
for solving the e l l i p t i c  partial differential equations is outlined. An 
example of a room alr movement study is presented and special attention Is 
given to consideration of the appropriate boundary conditions. The 
evaluation of ventilation system performance by m~ns of 3-dimensional 
numerical computation is also described by Ishizu ~ . He uses thls method 
to determine the optimum positioning of an air inlet in relation to the 
outlet, whereby the most effective ventilation can be obtained. 
Commercial software is available from organisations listed in Appendix 3. 

The application of 3-dlmensional airflow calculation techniques to the 
problem of air movement in rooms is relatively new and presents a major 
research field in a subject which has important implications in the design 
of energy eff icient ventilation. 

. VENTILATION EFFECTIVENESS STANDARDS 

Standards covering the definition and measurement of ventilation 
effectiveness are under consideration. 

The proposed IEA Annex "Optlmisatlon of Alr Flow Patterns" (Appendix 2) Is 
intended as an international progression towards standards. National 
standards are mentioned in the literature by Nielsen sO (in Danish) 
whonotes that ventilation efficiency is not referred to directly in 
current Danish (DIF) Standards since I t  is unclear how optimum ventilation 
efficiency can be achieved under different operating conditions. 
Blomqvlst et al sl (In Swedish) describe proposals for a Nordic Test Method 
for measuring ventilation effectiveness, while Skaret and Sandberg s2 (in 
Norwegian) describe more recent work on producing ventilatlon 
effectiveness guidelines for the Nordic Ventilation Group. 

8. CONCLUSIONS 

There is a diverse, confusing range of def in i t ions associated wtth 
vent i la t ion  effectiveness. In some instances Individual authors have not 
always been consistent wtth terminology whtle in other instances d i f fe rent  
authors may have used d i f fe rent  expressions to represent the same 
parameter. Despite these d i f f i c u l t i e s  the fundamental concepts behind the 
subject are f a i r l y  straightforward and t t  should not be too d i f f i c u l t  to 
agree on a rest r ic ted and universal ly  acceptable range of def in i t ions to 
cover a l l  aspects of the subject. I t  is hoped to cover th is  in a future 
AIVC report. 

Vent l lat lon effectlveness measurements have been made In many var le t les of 
bul ldlngs. Calculatlon methods could provlde valuable deslgn 
In fomat lon.  However, such technlques are computatlonally very complex, 
and demand conslderable detai l  regardlng bul ldlng deta11. 
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dwell ing. Measurements of the e f f i c iency  for exhaust, supply and combined 
systems show that for  combined and supply systems the highest e f f i c iency  
occurs in those parts where the a i r  is supplied. For these systems e f f i c iency  
is sensit ive to ven t i la t ion  flow rate, while for  the exhaust system the 
re la t i ve  e f f i c iency  is more or less independent of ven t i la t ion  flow rate, 
Finds that in warm-air systems the ven t i la t ion  e f f i c iency  is affected by the 
posi t ioning of the supply and exhaust registers,  the ven t i l a t ion  flow rate and 
the re la t i ve  di f ference between supply a i r  temperature and room a i r  
temperature. 
KEYWORDS 
vent i la t ion  e f f ic iency,  res ident ia l  bui ld ing,  mechanical vent i la t ion ,  

. 

Ashrae 
Vent i la t ion for  acceptable indoor qua l i t y .  
BIBINF 
Draft.  Ashrae 62-1981-R, 61p. DATE 00:00:1981 

. 

Sandberg M. 
NO 812 What is ven t i la t ion  ef f ic iency? 
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BIBINF 
Bldg. Environ.vol .16 no.2 p.123-135 7 f igs .  6 tabs. 14 refs.  DATE 01:04:1981 
in English AIC 371 
ABSTRACT 
Examines various d e f i n i t i o n s  of v e n t i l a t i o n  e f f i c i ency .  When using t racer  gas 
techniques the d e f i n i t i o n  of a v e n t i l a t i o n  system's e f f i c i e n c y  can be based on 
the slope of the t racer  gas curve, or the r a t i o  between concentrat ions,  or the 
area under the curve. Examines the consequences of these d e f i n i t i o n s  for  a 
simple theore t i ca l  model. Presents experimental measurements on a tes t  room 
which show tha t  sometimes very low v e n t i l a t i o n  e f f i c i ency  can occur. 
KEYWORDS 
v e n t i l a t i o n  e f f i c i ency ,  a i r  movement, 

. 

Sherman M H, Wilson D J 
NO 2384 Relating actual and effective ventilation in determining indoor air 

quality. 
BIBINF 
Report on work supported by the Assistant Secretary for Conservation and 
Renewable Energy, Office of Building and Community Systems, Building Systems 
Division of the U.S. Department of Energy, under Contract No 
DE-ACO3-76SFO0098, 7 August 1986, l fig, 3 tabs, 12 refs. 
DATE 07:08:1986 in English AIC 1854 

ABSTRACT 
Ventilation is both a mechanism for removing indoor air pollutants, and a 
potential energy load on the heating or cooling system of a building. 
Quantitative estimates of the ventilation rates, important for both of these 
applications, necessitate determining time-averaged quantities. The 
time-averaged ventilation rate appropriate for indoor air pollution, however, 
is different from that associated with energy load. We derive ventilation 
efficiencies for well-mixed, homogeneous, time-varying concentrations and 
corroborate findings with field data from a test house in Edmonton, Alberta, 
which indicate that monthly ventilation efficiency ranges from 79% to 92% with 
an annual average of 80%, and that hourly temporal ventilation efficiencies 
vary over a much larger range than time-averaged quantities. 
KEYWORDS 
ventilation efficiency, indoor air quality, pollutant, ventilation rate, 
testing house 

. 

Sandberg M, Svensson A 
NO 749 The use of t racer  gas fo r  determining v e n t i l a t i o n  e f f i c i ency .  

BIBINF 
Royal I n s t i t u t e  of Technology, Stockholm Tek.Medd no.180 vol .9 1980:4 
p.77-I01 15 f i gs .  3 refs.  DATE 01:04:1980 in English AIC 370 
ABSTRACT 
The local v e n t i l a t i o n  e f f i c i ency  of a mechanical v e n t i l a t i o n  system may 
in general terms be defined as "prov id ing a i r  in those parts of a room 
where i t  is requ i red" .  In th i s  paper d i f f e r e n t  d e f i n i t i o n s  of the local 
v e n t i l a t i o n  e f f i c i ency  and methods fo r  measuring i t  are discussed. 
Presents resu l ts  from ven t i l a ted  and mitrous oxide used as a t racer  gas. 
A number of sensors were placed in the room wi th  the aim of 
determining the var ia t ions  in the a i r  change rates w i th in  the room. 
Results ind icate  that  in some cases only a minor propor t ion of the 
v e n t i l a t i o n  a i r  f low is u t i l i z e d  in the occupied zone. Demonstrates 
that  i t  is not advisable to use the slope of the t racer  gas curves 
in a l i nea r  logar i thmic p lo t  as a measure of the " loca l  v e n t i l a t i o n  
rate" 
KEYWORDS 
air movement, tracer gas, rooms, nitrous oxide, decay rate, mechanical 
ventilation, ventilation efficiency 
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, 

Sandberg M. 
NO 1187 Ven t i l a t i on  e f f i c i e n c y  as a guide to design. 

BIBINF 
Prepr in t  Ashrae Transactions 1983 voi .89 pt.2A and B 23pp. 7 f i gs .  2 tabs. 

DATE 01:01:1983 in English AIC 743 
ABSTRACT 
The concept of age, or residence time is appl icable to character ize both how 
the supplied a i r  or a contaminant is spread w i th in  an enclosed space and how 
qu ick ly  a contaminant is removed. Discusses the app l i ca t ion  of the concept to 
any enclosed space wi th a i r  intakes and ex t rac ts .  Establ ishes a d i r ec t  
re la t i onsh ip  between the age concept, exposure to contaminants, and 
equ i l ib r ium concentrat ions.  Treats d i f f e r e n t  t racer  gas techniques for  
measuring the age d i s t r i b u t i o n s  and derived quan t i t i es .  Gives d i f f e r e n t  
d e f i n i t i o n s  of v e n t i l a t i o n  e f f i c i e n c y  based on maximum concentrat ion or 
average room concentrat ion,  and a d e f i n i t i o n  of a i r  d i f f us i on  e f f i c i ency .  
Presents resu l ts  from measurements car r ied out in a mechanical ly ven t i la ted  
two room tes t  house, equipped in one case with one intake and one ex t rac t  and 
in the other with one intake and two ex t rac ts .  
KEYWORDS 
v e n t i l a t i o n  e f f i c i ency ,  a i r  f low, mechanical v e n t i l a t i o n ,  po l l u tan t ,  

8. 
Skaret E. Mathisen H. 

NO 985 Ven t i l a t i on  e f f i c i ency .  
BIBINF 
In te rna t iona l  Symposium on Indoor Po l lu t i on ,  Health and Energy Conservation, 
Massachusetts 13-16 October 1981 18 pp. 16 f i gs .  1 tab. 5 refs.  DATE 
13:09:1981 in English AIC 591 
ABSTRACT 
Reviews a research pro jec t  which has the ob jec t ive  of es tab l i sh ing :  
I .  Expressions fo r  v e n t i l a t i o n  e f f i c i e n c y  
2. Methods for  measuring v e n t i l a t i o n  e f f i c i e n c y  
3. Rules fo r  acheiving e f f i c i e n t  v e n t i l a t i o n .  
Derives expressions for  v e n t i l a t i o n  e f f i c i e n c y  in a room by using two-box 
theore t i ca l  model, assuming thermal s t r a t i f i c a t i o n  occurs. Measures 
v e n t i l a t i o n  e f f i c i e n c y  by the t racer  gas steady state method, using N20 and an 
in f ra  red ga analyzer.  Uses a series of probes placed in a ve r t i ca l  column and 
put in d i f f e r e n t  pos i t ions in the room fo r  gas detect ion.  Sampling, analyzing 
and movement of the column are done automat ica l ly  using a microprocessor. 
Tests show that  the e f f i c i e n c y  varies considerably between d i f f e r e n t  
v e n t i l a t i n g  systems. Finds that  the best system for  warm a i r  v e n t i l a t i o n  is 
with the a i r  supply located j us t  below the ce i l i ng  and the a i r  exhaust near 
the f l oo r ,  and vice-versa fo r  cool a i r  v e n t i l a t i o n .  Therefore "diagonal 
schemes" seemm to be the most e f f i c i e n t ,  and more e f f i c i e n t  then complete 
mixing. 
KEYWORDS 
v e n t i l a t i o n  e f f i c i ency ,  t racer  gas, modell ing, 

9. 
Skaret E. Mathisen H.M. 

NO 1313 Ven t i l a t i on  e f f i c i ency .  
BIBINF 
Heat pumps and a i r  c i r c u l a t i o n  in condit ioned spaces. Proc.Meetings of 
Commissions BI,B2 (Germany 1981) Paris, Inst .  Refr ig.p.191-199 DATE 01:01:1981 
in English AIC 832 
ABSTRACT 
Due to energy shortage and increased energy costs, there seems to be 
c o n f l i c t i n g  i n te res t  between hygiene and comfort on one hand, and energy 
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economy on the other. Fortunately, i t  is possible to increase the ventilatlng 
air change rate in the zone of occupancy without increasing the air change 
rate for the whole room in question. Describes different methods for measuring 
and defining ventilation efficiency, and tests some of these methods in the 
laboratory, along with different ventilation systems. 
KEYWORDS 
ventilation efficiency, air flow, mechanical ventilation, 

lO. 
Skaret E 
NO 2227 Ventilation by displacement - characterization and design 

implications. 
BIBINF 
Ventilation '85. (Chemical Engineering Monographs 24). Edited by H D 
Goodfellow. Amsterdam, Elsevier, 1986. p827-841. 6 figs, lO refs. DATE 
00:00:1986 in English AIC bk, AIC 1846 
ABSTRACT 
Ventilation by displacement is described in terms of ventilation efficiency 
and quantified by means of a two-zone flow and diffusion model. The practical 
procedure is by means of adequate diffusers f i r s t l y ,  to ' h i t '  the persons with 
the ventilation air and secondly, to displace both air and contaminants out of 
the zone of occupation and avoid recirculation. This procedure has a firm 
basis in the research work on ventilation efficiency that is carried out in 
Norway and Sweden during the last years as well as in current theory practice. 
The paper describes practical design implications as well as calculation 
procedures based on the two-zone model. A system evaluation model is also 
treated. 
KEYWORDS 
ventilation efficiency, air change rate 

I I .  
Janssen J.E. Hil l  T.J. Woods J.E. Maldonado E.A.B. 
NO I133 Ventilation for control of indoor air quality - a case study. 

BIBINF 
Proceedings of the International Symposium on indoor air pollution, health and 
energy conservation Amherst Mass. USA 13-16 October 1981 Environmental 
International Special Issue "Indoor Air Pollution" vol.8 no.l 1982 p.487-496 
12 figs. 5 tabs. 8 refs. DATE 01:01:1982 in English AICR US25 
ABSTRACT 
Describes a test carried out in the Fridley, MN, Junior High School Music 
Dept. to obtain air quality, energy and subjective response data on an 
Automatic Variable Ventilation System. Devises a control system with both C02 
and temperature inputs to control the use of outdoor air. In f i l t ra t ion 
measurements lead to a quantitative measure of ventilation efficiency, which 
in turn lead to recommendations for air circulation patterns in rooms. The 
measured ventilation efficiency enables energy and C02 models to f i t  measured 
data. Finds energy savings of approx. 20% in this application. Measures 
subjective response of occupants using a special questionnaire, which shows 
that the subjects feel warmer with increased C02 in the room air. 
KEYWORDS 
carbon-dioxide, controlled ventilation, air quality, school, ventilation 
efficiency, 

12. 
Janssen J E. 
NO 1624 Ventilation strat i f icat ion and air mixing 

BIBINF 
Indoor Air. Vol.5. Buildings, Ventilation and Thermal Climate. Edited by B 
Berglund, T Lindvall, J Sundell. Swedish Council for Building Research, 1984. 
43-48, 3 figs, 7 refs. DATE 00:00:1984 in English AIC bk 
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ABSTRACT 
Minimising vent i la t ion for energy conservation in buildings requires that 
vent i la t ion ef f ic iency be high. The common practice of locating supply outlets 
and return in le ts  in or near the ce i l ing creates an opportunity for a i r  to 
bypass from the supply to the return without mixing in the occupied space. 
Equations are derived for calculat ing ef f ic iency and s t r a t i f i c a t i o n  factor 
from tracer gas decay measurements. 
KEYWORDS 
vent i la t ion ef f ic iency,  tracer gas 

13. 
Offermann F.Jo Fisk W.J. Grimsrud D.T. Pedersen B, Revzan K.L. 

NO 1190 Vent i lat ion ef f ic ienc ies of wall or window mounted resident ial  
a i r - t o - a i r  heat exchangers, 
BIBINF 
Preprint Ashrae Transactions 1983 voi.89 pt.2A and B 21pp. 8 f igs.  3 tabs. 15 
refs. DATE 01:01:1983 in English AIC 746 
ABSTRACT 
Describes a series of experiments to determine the vent i la t ion performance of 
2 d i f fe rent  models of wall or window mounted heat exchangers. Determines the i r  
nominal ef f ic iency by the measurement of tracer gas decay rates at several 
indoor locations, Notes s ign i f i can t l y  higher local vent i la t ion ef f ic ienc ies in 
rooms where heat exchangers are operating, Some prel iminary tests indicate 
that internal leakage between the a i r  streams contribute s ign i f i can t l y  to the 
vent i la t ion inef f ic iency of these systems. 
KEYWORDS 
vent i la t ion ef f ic iency,  heat exchanger, 

14. 
Skaret E. Mathisen H.M. 
NO 1188 Validation ef f ic iency - a guide to e f f i c i en t  vent i la t ion.  

BIBINF 
Preprint Ashrae Transactions 1983 voi.89 pt.2A and B 15pp. DATE 01:01:1983 in 
English AIC 744 
ABSTRACT 
Uses a two-zone model to describe the concept of and to define the 
effectiveness of vent i la t ion.  Deals with multiroom aspects and procedures for 
measuring vent i la t ion effectiveness. The simple two-zone model predicts 
generally high effectiveness for vent i la t ing systems using the displacement 
pr incip le,  taking advantage of s t r a t i f i c a t i o n .  Reviews tests using th is 
pr inc ip le in an of f ice room for I-3 people (28 sq,m., 2.8m ce i l ing height). 
KEYWORDS 
vent i la t ion ef f ic iency,  modelling, multi_chamber, 

15. 
Skaret E. 
NO 1623 Contaminant removal performance in terms of vent i la t ion 

effectiveness. 
BIBINF 
Indoor Air ,  Vol.5. Buildings, Vent i lat ion and Thermal Climate. Edited by B 
Berglund, T Lindval l ,  J Sundell. Swedish Council for Building Research, 1984, 
15-22, 3 f igs,  5 refs, DATE 00:00:1984 in English AIC bk 
ABSTRACT 
The paper shows that age analysing techniques are an excellent tool to assess 
vent i la t ion effectiveness. I t  is important to d i f fe ren t ia te  between a i r  
exchange effectiveness and contaminant removal effectiveness, having 
continuous generation of contaminants. Only when a source is homogeneous and 
passive, are the age of the a i r  and the contaminants in the room equal. 
However, the a i r  exchange effectiveness accounts for the removal effectiveness 
of the contaminant l e f t  in the room when the generation stops. Tests reported 
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show how differently air and contaminants can behave in a ventilated room and 
are consequently an excellent demonstration of the statements. 
KEYWORDS 
pollutant, ventilation efficiency, air change rate, air movement, air flow, 
air quality, tracer gas, nitrous oxide, ageing 

16. 
Dickson D J 
NO 1797 Ventilation efficiency measurements in occupied mechanically 

ventilated buildings. 
BIBINF 
6th AIC Conference "Ventilation Strategies and Measurement Techniques", Het 
Meerdal Park, Netherlands, 16-19 September 1985. Bracknell, UK: Air 
Inf i l t rat ion Centre, 1985. p27.1-27.18. 9 figs, l tab, 4 refs. DATE 
00:09:1985 in English AIC bk 
ABSTRACT 
The various meanings of ventilation efficiency are briefly summarised. The 
residual lifetime of a released tracer gas is chosen as the most meaningful 
and convenient basis for local efficiency measurements in large, occupied, 
mechanically ventilated buildings. Measurements were carried out in ten public 
swimming pool halls. Sulphur hexafluoride tracer gas was released from a 20 ml 
syringe at various locations around the pool hall and the integrated 
concentration with respect to time was measured at the exhaust air duct. This 
was extrapolated to inf ini te time using the measured decay rate. Hence the 
median residence time of the tracer after release was found and compared with 
the corresponding value for uniform and complete mixing using the measured 
exponential decay rate. The ratio of these two times was taken as a measure of 
the ventilation efficiency. None of the ventilation systems tested proved 
significantly more efficient than the others overall. Local variations were 
however detected at individual sites and the method shows promise for 
application in occupied buildings, where minimum intrusion is required. 
KEYWORDS 
commercial building, ventilation efficiency, measurement technique, tracer 
gas, sulphur hexafluoride, decay rate 

17. 
Sandberg M. Svensson A. 
NO 949 Ventilation and temperature efficiencies of mechanical ventilation 

systems. 
BIBINF 
Proceedings of CIB W67 3rd International Symposium ~Energy Conservation in the 
Built Environment' March 30-April l 1982 vol.Vl P.A42-A53 5 figs. 3 refs. 
DATE 30:03:1982 in English AICR UK9 

ABSTRACT 
Gives measurements of the ventilation as well as the temperature efficiency of 
mechanical supply and exhaust systems (balanced systems). The ventilation 
efficiency is a measure of the performance of providing air in the occupied 
zone and is also an indicator of the air quality. The temperature efficiency 
is a measure of the system's capability of supplying heat in the occupied 
zone. Monitors ventilation efficiencies by adopting tracer decay techniques 
and the temperature efficiencies by measuring the stationary temperatures. In 
experiments, the following quantities are varied systematically. 
I. The positioning of supply and exhaust registers. 
2. The ventilation air flow rate. 
3. The temeperature of the supply air relative to the mean temperature in the 
occupied zone. 
The findings show significant differences in performance between different 
systems. 
KEYWORDS 
mechanical ventilation, tracer gas, decay rate, ventilation efficiency, 
temperature, 
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18. 
Roussel C, Garnier G, Faivre-Pierret R 
NO 2218 A tracer gas system to evaluate the ef f ic iency of vent i la t ion systems 

or simulate the consequences of an accident. 
BIBINF 
Vent i lat ion '85. (Chemical Engineering Monographs 24). Edited by H D 
Goodfellow. Amsterdam, Elsevier, 1986. p291-295. DATE 00:00:1986 in English 
AIC bk, AIC 1842 
ABSTRACT 
The tracer technique can be used in vent i la t ion and contaminant spreading 
invest igat ions. We have chosen sulphur hexafluoride. We have constructed a 
speci f ic instrumentation to perform indoor tests. Al l  components are portable 
and battery operable. We use generators with remotely control led flow, 
real-t ime chromatographs as analysers, continuous SF6 monitors and f ie ld-use 
cal ibrators.  We have performed numerous tests, in the nuclear industry 
(Laboratories, reprocessing f a c i l i t i e s  and PWR), in conventional industr ies 
and in hospitals. The goal was to consider hygiene problems as well as the 
improvement of an industr ia l  process. 
KEYWORDS 
tracer gas, vent i la t ion ef f ic iency, sulphur hexafluoride 

19. 
Pedersen J. 
NO 879 Preliminary invest igat ion into vent i la t ion ef f ic iency.  

Forundersogelse vedrorende ven t i l a t i onse f fek t i v i t e t .  
BIBINF 
In ½Seminar on tracer gas and vent i la t ion ef f ic iency '  Swedish National 
Ins t i tu te  for Building Research memorandum M81:16 March 1981 p.13-24 DATE 
01:03:1981 in Danish AICR SEII:AIC Translation No.20 in English 
ABSTRACT 
The primary aim of the project is to describe and document a measurement 
method suitable for checking whether minimum requirements for vent i la t ion 
ef f ic iency are f u l f i l l e d  af ter  a vent i la t ion system has been regulated. The 
project concentrates on occupied areas with mechanical vent i la t ion such as 
dwel l ings,of f ices and schools. Excludes industr ia l  bulldings since special 
conditions such as vent i la t ion rates, pol lut ing processes and local extract ion 
apply to these. Defines vent i la t ion ef f ic iency,  describes equipment and 
measurement with C02, N20, SF6, Kr85. Table notes minimum tracer gas 
concentrations required for determining a i r  change rates, diagrams note 
ef f ic ienc ies in d i f fe rent  rooms under d i f fe rent  conditions. 
KEYWORDS 
mechanical vent i la t ion,  vent i la t ion ef f ic iency,  measurement technique, tracer 
gas, carbon dioxide, nitrogen oxides, sulphur hexafluoride, krypton, 

20. 
Sandberg M. Sjoberg M. 
NO 1320 The use of moments for assessing a i r  qual i ty  in venti lated rooms. 

BIBINF 
Building and Environment vol.18 no.4 p.181-197 1983 12 f igs.  5 tabs. 25 
refs. DATE 01:12:1983 in English AIC 838 
ABSTRACT 
A comprehensive theoret ical framework is presented, based on the use of 
moments of concentration histor ies ie mul t ip ly ing concentration readings by 
time of reading and then integrating with regard to time. The concept can be 
used to characterize ei ther the di f fusion of the supplied a i r  or a contaminant 
released within the room. Results are presentd from about 50 measurements 
demonstrating the usefulness and pract ical app l i cab i l i t y  of the approach for 
assessing a i r  qual i ty  in venti lated buildings. Dif ferent experimental 
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~ rocedures have been explored and are discussed. 
EYWORDS 

air quality, pollutant, measurement technique, tracer gas, 

21. 
Skaret E 
NO 2213 Industrial ventilation - model tests and general development in 

Norway and Scandinavia. 
BIBINF 
Ventilation '85. (Chemical Engineering Monographs 24). Amsterdam, Elsevier, 
1986. Edited by Howard D Goodfellow. pl9-31. 6 figs, lO refs. DATE 00:00:1986 
in English AIC bk, AIC 1916 
ABSTRACT 
Ventilation studies using small-scale water models have, especially in Norway 
gained new and important knowledge in industrial ventilation the last 15 
years. The outcome has been twofold. First of all i t  has resulted in 
important experience in making small-scale model tests for ventilation 
studies. Secondly, i t  has increased the knowledge in where to apply and how 
to design efficient displacement ventilation systems. In most industries the 
displacement principle is outstanding compared to other principles for general 
ventilation. The displacement direction is generally vertical-up, providing 
for supply of fresh air directly to the workspace. In most cases thermal 
strat i f ication can be util ized to optimize the effectiveness for the systems. 
Effective- ness is sensitive to the diffuser design for the supply air. I t  is 
also necessary to avoid using the ventilation system for space heating (cov- 
ering the transmission losses). Research results and practical applications 
have developed hand in hand and have also resulted in new understanding and 
practical definitions of the ventilation effectiveness as well as calculation 
methods, the two-zone model, and design guidelines for displacement 
ventilation systems. 
KEYWORDS 
industrial building, modelling 

22. 
Sandberg M, Blomqvist C 
NO 1788 Exploration of ventilation strategies in domestic housing. Theory and 

experimental results. 
BIBINF 
6th AIC Conference "Ventilation Strategies and Measurement Techniques", Het 
Meerdal Park, Netherlands, 16-19 September 1985. Bracknell, UK: Air 
Inf i l t rat ion Centre, 1985. p15.1-15.22. 5 figs, l tab, 3 refs. DATE 
00:09:1985 in English AIC bk 
ABSTRACT 
The performance of whole-house mechanical ventilation systems was explored in 
a full-scale indoor test house (volume 176 m3). A range of parameters were 
monitored: l, the pressure distribution 2, the inflow of outdoor air to each 
room, the mean age of air in each room and the air exchange effectiveness 3, 
the spread of a contaminant released respectively in the kitchen and in the 
bedroom. The tests were undertaken both with the internal doors closed and 
with the internal doors open. Both a mechanical extract system and balanced 
(combined) systems were tested. The tests were undertaken for a specific flow 
rate equal to 0.5 house volumes/hour (total flow rate 88 m3/h). The 
fundamental concepts used are defined at the beginning of the paper. The 
concepts are in accordance with those currently proposed in Scandinavia. In 
particular the relevant meaning of the concept air exchange rate is discussed. 
Then follows a short description of the test house and the measuring 
procedures adopted. Finally the results obtained are given. 
KEYWORDS 
house, ventilation strategy, air change rate, ventilation efficiency, tracer 
gas, nitrous oxide, measurement technique 
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23. 
Harrje D T, Dutt G S, Bohac D L, et al. 
NO 1862 Documenting air movements and in f i l t ra t ion  in multicell buildings 

using various tracer-gas techniques. 
BIBINF 
Preprint. ASHRAE Transactions 1985, Vol 91, Pt 2. HI-85-40 No 3. 15p. II figs, 
18 refs. DATE 00:00:1985 in English AIC 1267 
ABSTRACT 
Tracer gas techniques for measuring airflows in buildings fa l l  into three 
categories - dilution, constant injection, and constant concentration. 
Dilution of a single tracer works well in buildings with a single zone and 
also in some two-zone buildings. Multiple tracer gas measurements, necessary 
to characterize flows among more zones, are best conducted using the constant 
injection approach. The constant concentration method uses a single tracer gas 
to determine the air flow rates from the outside into each of as many as ten 
building zones. The paper outlines the different tracer techniques for making 
airflow measurements in multicell buildings and describes the operation of a 
constant concentration system. This system measures tracer gas concentration 
in different zones and injects accordingly to maintain a constant 
concentration in each zone. The system was tested in a single zone structure 
and successfully applied to a small three-zone house. Sensitivity analyses and 
calibration procedures described in this paper define the capabilities and 
limitations of this technique. Although this method does not fu l l y  
characterize all interzone airflows in the building, i t  can be useful in 
analyzing the energy balance of multizone buildings. Additionally, these 
measurements can be used to evaluate the dilution of indoor air pollutants and 
the ventilation efficiency of buildings. 
KEYWORDS 
multi-chamber, tracer gas, measurement technique, decay rate, constant 
concentration, constant emission, air movement, air in f i l t ra t ion  

24. 
Persily A K, Grot R A 
NO 1810 Ventilation system performance evaluation using tracer gas 

techniques. 
BIBINF 
6th AIC Conference "Ventilation Strategies and Measurement Techniques", Het 
Meerdal Park, Netherlands, 16-19 September 1985. Bracknell, UK: Air 
In f i l t ra t ion  Centre, 1985. p26.1-26.16. 2 figs, 3 tabs, 12 refs. DATE 
00:09:1985 in English AIC bk 
ABSTRACT 
This paper discusses existing and recently developed tracer gas techniques for 
the in situ evaluation of ventilation system performance. Past work on whole 
building in f i l t ra t ion  and ventilation measurement is discussed and the major 
findings reviewed. The use of tracer gas to measure ventilation effectiveness 
in mechanically ventilated buildings is also discussed. While techniques exist 
for such measurements under conditions of I00% outside air intake, the 
evaluation of systems operating with recirculation is more d i f f i cu l t .  
Techniques appropriate to this latter situation are not yet available, but 
some limited evaluation is possible. Measurement procedures are also described 
to separately measure the intentional outside air intake through the air 
handlers and the amount of uncontrolled air leakage through the building 
shell. The results of the application of these techniques in a three-storey 
office building are presented and discussed. 
KEYWORDS 
office, high rise building, measurement technique, tracer gas, sulphur 
hexafluoride, ventilation efficiency, mechanical ventilation, air 
in f i l t ra t ion ,  decay rate, air change rate 
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25. 
Persily A K 
NO 1877 Ventilation effectiveness in mechanically ventilated office 

buildings. 
BIBINF 
Gaithersburg,USA: Department of Commerce, National Bureau of Standards, 1985. 
NBSIR 85-3208. 39p. 9 figs, 2 tabs, 27 refs. DATE 00:08:1985 in English AIC 
1282 
ABSTRACT 
Mechanical ventilation systems in large office buildings are designed to meet 
space conditioning loads and to maintain acceptable indoor air quality. In 
order to achieve acceptable air quality, the ventilation systems are designed 
to bring in a minimum amount of outside air whenever the building is occupied. 
In addition to minimum outside air intake levels, there must also be adequate 
distribution of this air within the building. Although the net ventilation 
rate of a building or room may be sufficient, poor air distribution may lead 
to some areas within the space being inadequately ventilated. The concept of 
ventilation effectiveness has been developed to quantify the air distribution 
characteristics of a ventilated space. This paper examines several definitions 
of ventilation effectiveness and associated tracer gas measurement techniques. 
Techniques for making ventilation effectiveness measurements in mechanically 
ventilated office buildings are discussed with reference to building and 
mechanical equipment design and tracer gas instrumentation. Specific 
strategies are proposed for measuring ventilation effectiveness on different 
scales ranging from individual rooms to whole buildings. 
KEYWORDS 
ventilation efficiency, measurement technique, tracer gas, mechanical 
ventilation, office 

26. 
Persily A K, Grot R A. 
NO 2155 Measurements of ventilation rates and ventilation effectiveness 

BIBINF 
Recent Advances in Control and Operation of Building HVAC Systems, CIB, 
Trondhei m, Trondheim, Norway, 22-23 May 1985, 53-63, 3 figs, l tab, 12 refs. 
DATE 00:05:1985 in English AIC 1539. 

ABSTRACT 
Describes how multizone tracer gas analysis techniques can provide a complete 
description of office ventilation. Treats the concept of ventilation 
effectiveness to characterise internal air distribution. Discusses the 
measurement of whole building ventilation rates and ventilation effectiveness 
in mechanically ventilated office buildings. 
KEYWORDS 
air change rate, measurement technique, tracer gas, office, multi-chamber, 
ventilation efficiency 

27. 
Fisk W J, Binenboym J, Kaboll H, et al. 
NO 1977 A multi-tracer system for measuring ventilation rates and ventilation 

efficiencies in large mechanically-ventilated buildings. 
BIBINF 
6th AIC Conference "Ventilation Strategies and Measurement Techniques", Het 
Meerdal Park, Netherlands, 16-19 September 1985. Bracknell, UK: Air 
In f i l t ra t ion Centre, 1985. Supplement. p69-92. 5 figs, 4 tabs, 18 refs. DATE 
00:09:1985 in English AIC bk 
ABSTRACT 
Measurement of ventilation rates and overall and local ventilation 
efficiencies in large buildings is often complicated by the building size and 
compartmentalization, and by the presence of multiple ventilation systems. To 
allow characterization of the ventilation process in such buildings, a unique 
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experimental system that employs multiple tracer gases is being developed at 
Lawrence Berkeley Laboratory. The tracer gases include sulphur hexafluoride 
and several halocarbons. The system is designed to be non-obtrusive, highly 
automated, and relat ively easy to instal l  in buildings. Included in the system 
is a programmable tracer-gas injector that automatically ini t iates and 
terminates the process of tracer injection and regulates the injection rate. 
One injector wi l l  be used for each tracer gas. Another component of the system 
is a programmable sampler that collects up to th i r ty  small samples of air in 
containers that can be mailed to the laboratory for analysis. One sampler wi l l  
be placed near each sampling location. Because each tracer gas injector and 
sampler is a stand-alone device, long runs of tubing are not required to 
inject tracer or take samples. The concentrations of tracer gas in the air 
samples are determined using a gas chromatograph with an electron capture 
detector. An overview of the experimental system is given and a description of 
the tests undertaken to validate i ts performance. Various methods of using the 
system to assess ventilation performance wi l l  also be discussed brief ly.  
KEYWORDS 
mechanical ventilation, ventilation efficiency, tracer gas measurement 
technique, automatic equipment 

28. 
Freeman J. Gale R. Sandberg M. 
NO I068 The efficiency of ventilation in a detached house. 

BIBINF 
3rd AIC Conference "Energy eff ic ient domestic ventilation systems for 
achieving acceptable indoor air quality" September 20-23 1982 UK p.15.1-15.22 
9 figs. 2 tabs. 3 refs. DATE 20:09:1982 in English AIC 
ABSTRACT 
Uses the SEGAS "Autovent" constant concentration apparatus to measure the 
fresh air entering and the local ventilation rate in each cell of a 
multi-celled dwelling with both natural and mechanical extract ventilation. 
Measures fresh air entry into each cell using tracer gas constant 
concentration and decay techniques. Conducts decay tests without a r t i f i c i a l  
mixing, and interprets them by computing the area under the decay curve to 
obtain local ventilation rates. Compares the 2 measurements, giving the 
ventilation efficiency of each cell and an idea of air quality in each room of 
the house. Traces the pathways of air movement around the house by injecting 
an amount of tracer gas into one room and following the transfer to all other 
rooms of the house. 
KEYWORDS 
tracer gas, decay rate, constant concentration, ventilation efficiency, 
natural ventilation, mechanical ventilation, 

29, 
Maldonado E.A.B. Woods J.E. 

NO 1189 Ven t i l a t i on  e f f i c i ency  as a means of character iz ing a i r  d i s t r i b u t i o n  
in a bu i ld ing for  indoor a i r  qua l i t y  evaluat ion,  
BIBINF 
Prepr in t  Ashrae Transactions 1983 voi,89 pt.2A and B 9pp, 4 f igs ,  3 tabs. 12 
refs,  DATE 01:01:1983 in English AIC 745 
ABSTRACT 
A i r  change rate is often reported as a s ingle number, with no a t ten t ion  paid 
to d i f f e r e n t  values of a i r  change rate in d i f f e r e n t  zones of a bu i ld ing.  This 
may a f fec t  a i r  qua l i t y  evaluat ion as there may be undetected zones where a i r  
change rate is too small, resu l t i ng  in local ized po l l u tan t  concentrat ions.  
Describes a mu l t i - po in t  t racer  gas technique used to quant i fy  a i r  change rate 
in d i f f e r e n t  zones of various res iden t ia l  bu i ld ings.  Defines and calculates 
zonal ven t i l a t i on  e f f i c i ency  terms, and proposes a c r i t e r i o n  for  analysis of 
the resu l ts  for  indoor a i r  qua l i t y  evaluat ion,  
KEYWORDS 
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ven t i l a t ion  e f f i c iency ,  a l r  change rate, t racer gas, measurement technique, 
a i r  qua l i t y ,  

30. 
Maldonado E.A.B. Woods J.E. 

NO 1237 A procedure for f i e l d  surveys of indoor a i r  qua l i t y  in energy 
e f f i c i e n t  residences. 
BIBINF 
Proceedings of the 2nd Internat ional  Congress on Building Energy Management 
30 May-3 June 1983 lowa USA lOpp. 1 tab. 9 f igs .  DATE 30:05:1983 in English 
AIC 785 

ABSTRACT 
Describes a f i e l d  method for  surveying residences for indoor a i r  qua l i t y .  The 
method requires 2 days of f i e l d  test ing for  each residence - a day to perform 
a mul t ipo in t  t racer gas study to characterize the ven t i l a t ion  e f f i c iency  of 
the various spaces in the house and to determine the overal l  a i r  change rate; 
and a day to measure contaminant concentrations in locations selected 
according to the resul ts of the tracer gas study and contaminant generation 
locations. Describes and discusses resul ts obtained by th is  surveying 
procedure in 3 energy e f f i c i e n t  residences. 
KEYWORDS 
a i r  qua l i t y ,  t racer gas, ven t i la t ion  e f f i c iency ,  t i gh t  house, po l lu tant ,  

31. 
Meyringer V 

NO 2125 Vent i la t ion systems in res ident ia l  bui ld ings: requirements to the 
design of systems and equipment. 
BIBINF 
Proceedings of the CLIMA 2000 World Congress on Heating, Vent i la t ing and 
Air -Condi t ioning,  Copenhagen, 25-30 August 1985. Edited by P 0 Fanger. Vol 6. 
Heating, ven t i l a t i ng  and a i r -cond i t ion ing  systems, p287-293. 6 f igs,  7 refs. 

DATE 00:08:1985 in English AIC 1510 
ABSTRACT 
Evaluates resul ts of the 'Vent i la t ion  in Residential Bui ldings'  research 
programme of the German Federal Min is t ry  for  Research and Technology. I t  was 
found that conventional ven t i l a t i on  methods based on i n f i l t r a t i o n  and window 
opening cannot secure proper a i r  qua l i t y  and at the same time provide energy 
conservation and user comfort, nor can i n t e l l i g e n t  ven t i la t ion  habits be 
expected of the average user, for  subjective and object ive reasons. Al l  
ven t i l a t i on  systems evaluated had shortcomings. Soft displacement ven t i l a t ion  
techniques taking advantage of natural buoyancy forces instead of contaminant 
d i l u t i on  can be expected to provide major improvements in ven t i l a t ion  
e f f i c iency  and user comfort in future.  
KEYWORDS 
ven t i l a t ion  e f f i c iency ,  a i r  qua l i ty ,  ven t i l a t i on  strategy, occupancy ef fects 

32. 
Sandberg M. 
NO 1159 What is an e f f i c i e n t  ven t i l a t ion  system? 

Vad ar e t t  e f f e k t i v t  venti lat ionssystem? 
BIBINF 
VVS no.l 1983 p.69-72 3 f igs .  1 tab. 9 refs.  DATE 01:01:1983 in Swedish AIC 
715 
ABSTRACT 
Notes that there is cur rent ly  no general ly accepted term for the e f f i c iency  of 
a system in terms of po l lu t ion  removal. D i f fe rent  proposals have been 
suggested. There is now su f f i c i en t  factual data to determine the di f ference in 
a b i l i t y  of d i f f e ren t  systems to evacuate po l lu t ion .  This is despite the fact  
that the requirement for  minimum flow is the same for a l l  fan-assisted 
ven t i l a t i on .  The requirement is also unrelated to whether the system is an 
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extract or push-pull system and where the ventilation devices are positioned. 
KEYWORDS 
ventilation efficiency, pollution, mechanical ventilation, 

33. 
Skaret E 
NO 2121 Effective ventilating systems. Characterization and design 

implications. 
BIBINF 
Proceedings of the CLIMA 2000 World Congress on Heating, Ventilating and 
Air-Conditioning, Copenhagen, 25-30 August 1985. Edited by P 0 Fanger. Vol 6. 
Heating, ventilating and air-conditioning systems, p205-213. 6 figs, 8 refs. 
DATE 00:08:1985 in English AIC 1506 

ABSTRACT 
Displacement flow has been found to be the best flow principle for 
ventilation, with ventilating air being supplied to the occupied zone. The 
design procedure should, amongst other things, contain an analysis of 
contaminant source in order to design the ventilating system to create the 
most favourable flow pattern for the contaminants. This paper deals with 
design principles and problems related to displacement ventilating systems. 
KEYWORDS 
ventilation efficiency, ventilation strategy, air movement 

34. 
Sandberg M. Blomquvist C. Sjoberg M. 
NO 1098 Warm air systems. Part 1 - temperatures and temperature efficiencies. 
Part 2 - tracer gas measurement a~ ventilation efficiency. 
BIBINF 
Swedish Building Research Institute Bulletins M82:22 and 23 1982 ll9pp and 
153pp. DATE 01:I0:1982 in English AICR SE20 
ABSTRACT 
Reports the results of over lO0 tests of 6 different warm air schemes. The 
temperatures and the removal # a tracer gas were monitored at several points 
and the data used to determine the temperature efficiency and ventilation 
efficiency. For each ventilation the following values were varied 
systematically - the location of the supply and extract registers, the total 
ventilation rate, the supply-extract air  temperature difference. In l )  
presents the temperatures measured in two cross-sections of the room. The 
isotherms in each cross section are also presented plus the average room 
temperature efficiency and the average efficiency in the occupied zone. In 2) 
presents the tracer gas measurements. The concentrations were measured at 4 
levels within the room and in the supply and extract duct. Presents 
concentration versus time graphs for al l measuring points together with their 
stat ist ical  signatures, mean and standard deviation. Supplies in addition the 
local ventilation rate at the 4 levels and the average ventilation efficiency 
in the occupied zone. 
KEYWORDS 
ventilation efficiency, mechanical ventilation, tracer gas, 

35. 
Sandberg M., Sjoberg M. 
NO 1626 A comparative study of the performance of general ventilation systems 

in evacuating contaminants 
BIBINF 
Indoor Air. Vol.5. Buildings, Ventilation and Thermal Climate. Edited by B 
Berglund, T Lindvall, J Sundell. Swedish Council for Building Research, 1984. 
59-64, 4 figs, 8 refs. DATE 00:00:1984 in English AIC bk 
ABSTRACT 
Based on the age concept, the performance of the following three principle 
ventilation schemes have been monitored (supply air terminal - extract air 
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terminal), ceil ing-ceil ing, cei l ing-f loor, f loor-cei l ing. All systems used 
only air for both heating and cooling. Contaminants with both greater, less 
and approximately the same density as air were released at a point source. The 
tests were both carried out in an empty room and with a person (heated 
mannekin) in the room. 
KEYWORDS 
ventilation efficiency, air quality, nitrous oxide, helium, air flow, air 
movement 

36. 
Malmstrom T G, Ahlgren A 
NO 1801 Efficient ventilation in office rooms. 

BIBINF 
Environment International, 1982, Vol 8, p401-408. I I  figs, l tab, 4 refs. 
DATE 00:00:1982 in English AIC I175 

ABSTRACT 
Results from a two-box model for calculation of tracer gas concentrations in 
rooms are given and consequences of different definitions of ventilation 
efficiency are discussed. Results from three different series of experiments 
are presented. The f i r s t  two series were dilution experiments: examples of the 
results are given and discussed. The third series of tests was performed with 
one person working at a desk in the test room. Above the person's head, a 
tracer gas (N20) was injected into the convection plume, with as low a 
momentum as possible. Starting with zero concentration, a test continued until 
steady-state conditions were established for the concentration levels in the 
different parts of the room. The tests included simulation of summer, 
autumn/spring and winter daytime conditions. The results indicate a tendency 
towards lower tracer gas concentrations in the "breathing zone" when the 
supply air (typical flow rate equivalent to two air changes per hour) is 
brought into the room at a low level as compared to a high level close to the 
ceiling. The exhaust air terminal device in all tests was situated high in the 
"corridor" wall. 
KEYWORDS 
tracer gas, ventilation efficiency, office, simulation, constant emission, 
multi-chamber, nitrous oxide 

37. 
Boman C,A, 
NO 1069 Field t r i a l s  of ven t i l a t ion  e f f i c iency  in bui ld ings equipped with 

mechanical ven t i l a t i on  systems. 
BIBINF 
3rd AIC Conference "Energy e f f i c i e n t  domestic ven t i l a t ion  systems for  
achieving acceptable indoor a i r  qua l i t y "  September 20-23 1982 UK p.14.1-14.12 
7 f igs ,  2 refs.  DATE 20:09:1982 in English AIC 
ABSTRACT 
Gives results from f ie l  t r ia ls  of the performance of various mechanical 
ventilation systems. Carries out measurements in buildings bui l t  during the 
seventies, using the tracer gas decay technique with N20. Tests 3 cases: 
l. Air supplied only through register above door 
2. Air supplied both through register and the slot under the door 
3. Air supplied only through slot undr the door 
Concludes that the slot under the door gives the highest ventilation 
efficiency. In another case, varies the temperature of the supply air to 
measure the effect on ventilation efficiency. 
KEYWORDS 
mechanical ventilation, ventilation efficiency, tracer gas, decay rate, 

38. 
Skaret E, Mathisen H M 
NO 2054 Test procedures for ventilation effectiveness. Field measurements. 
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BIBINF 
Recent Advances In Control and Operation of Building HVAC Systems, CIB, 
Trondheim, Norway, 22-23 May 1985, p64-75. 8 figs, l tab, 9 refs. DATE 
00:05:1985 in English AIC 1420 
ABSTRACT 
Substantial work on ventilation effectiveness has been carried out in Norway 
and Sweden using tracer gas techniques based on fundamental physical and 
mathematical concepts. The nature of, and how to characterize by using tracer 
gas techniques, the flow of ventilation air and contaminants through a 
ventilated room is known. Displacement flow has been proved to be the best 
flow principle for ventilation, and in general ventilation air should be 
supplied to the occupied zone. Results of a f ie ld test of ventilation 
effectiveness are presented, showing how the experimental technique can be 
applied. 
KEYWORDS 
ventilation efficiency, air movement 

39. 
Paalanen K. 
NO 1363 The efficiency of ventilation. 

BIBINF 
LVl no.3 1984 p.17-20 6 figs. 4 refs. DATE 01:01:1984 in Finnish AIC 877 
AND IN Teknillinen Korkeakoulu LVl Laboratorio Sisailmastoprojekti. Report C2. 
Espoo. 1984. 106pp. in Finnish. AICR FIl 
ABSTRACT 
Discusses different ways of defining and comparing ventilation efficiency. I t  
can be defined in absolute values ie the ab i l i t y  of the system to decrease the 
concentration of impurities in proportion to the maximum concentration. A time 
constant can also be used ie the time elapsed from the moment a determined 
flow of contaminant is started t i l l  the concentration of the contaminant in 
the air extracted has reached a constant value. An effective ventilation 
system wil l  thus have a low time constant value. The principle of air 
distribution in a room is a determining factor in the ventilation efficiency. 
The "piston" method, where the supply air flow is pushing the impurities and 
no mixing takes place is the most eff iclent. The mixing method is the most 
common way of air distribution - where the concentration of impurities is the 
same in the whole room. Lab tests show that the piston method of air 
distribution renders efficiency up to 1.45x the efficiencies obtained with 
complete mixing. 
KEYWORDS 
ventilation efficiency, pollutant, air flow, 

40. 
Martinsen H.M. 

NO 1300 Ven t i l a t i on  e f f i c i e n c y  and d i f fuse  a i r  supply in small o f f i ces .  
V e n t i l a s j o n s e f f e k t i v i t e t  og d i f f us  l u f t t i l f o r s e l  i ce l lekontor .  
BIBINF 
Norsk VVS 1983 voi .26 no. l l  p.862-866,870,885 8 refs .  DATE 01:11:1983 in 
Norweglan AIC 822 
ABSTRACT 
Reports the resu l ts  of measurement of v e n t i l a t i o n  e f f i c i e n c y  in a f u l l  scale 
model of  a small o f f i c e  with a d i f f use  a i r  supply, which can be used to 
improve v e n t i l a t i o n  e f f i c i e n c y  and there fore  reduce a i r  supply rates. Steady 
state and t rans ien t  d e f i n i t i o n s  of v e n t i l a t i o n  e f f i c i e n c y  are given. Finds 
that  v e n t i l a t i o n  e f f i c i e n c y  depends on a i r  f low rate and heat gain in the 
o f f i c e .  Higher a i r  f low rates give lower po l l u tan t  concentrat ion in the 
ocupied zone but also more mixing between the occupied and under -ce i l ing  
zones. Increasing heat gains give higher po l l u tan t  concentrat ions in the 
occupied zone and c learer  demarcation between cool and warm zones (clean and 
po l lu ted zones). A comparison is also made between d i f fuse  a i r  supply and 
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conventional diffusers. 
KEYWORDS 
venti lat ion eff iciency, pollutant, air  flow, off ice building, 

41. 
Revzan K L. 
NO 1627 EfFectiveness of local venti lat ion in removing simulated po]lution 

from point sources 
BIBINF 
Indoor Air. Vol.5. Buildings, Ventilation and Thermal Climate. Edited by B 
Berglund, T Lindvall, J Sundell. Swedish Council for Building Research, 1984. 
65-71, 4 figs, l tab. DATE 00:00:1984 in English AIC bk 
ABSTRACT 
The effectiveness of range hoods and window fans in removing indoor pollutants 
is considered. Tests were conducted in a two-room test space with an 
i n f i l t r a t i on  rate less than 0. I hr-l using sulphur hexafluoride as a tracer 
gas. Range hood tests were carried out with heated and unheated tracer gas. In 
the former case, venti lat ion eff iciency was roughly linear over a range of 
flow rates from I0.3 to 60.0 l/sec., the highest measured eff iciency belng 
0.77. With unheated tracer gas, effectiveness was highly dependent on 
environmental conditions. Window fan tests were conducted with the source of 
tracer gas in each of the two rooms, the fan i t se l f  remaining fixed. With the 
source in the room without the fan, f a i r l y  good agreement with a mass-balance 
model was obtained. With the source in the same room as the fan, agreement 
with the model was poor. In al l  cases, the results suggest the importance of 
free convection in pollutant transport. 
KEYWORDS 
venti lat ion, tracer gas, sulphur hexafluoride, pollutant 

42. 
Maki H T., Woods J E. 
NO 1628 Dynamic behaviour of pollutants generated by indoor combustion 

BIBINF 
Indoor Air. Vol.5. Buildings, Ventilation and Thermal Climate. Edited by B 
Berglund, T Lindvall, J Sundell. Swedish Council for Building Research, 1984. 
73-78, l tab, 6 refs. DATE 00:00:1984 in English AIC bk 
ABSTRACT 
When indoor air concentrations from indoor combustion processes are estimated, 
source strengths and venti lat ion rates are usually considered. Recent studies, 
conducted in the Energy Research House at Iowa State University, indicate that 
several other factors also have a signif icant effect on indoor air  
concentrations. In one of these studies, a ventless kerosene heater served as 
the source of pollutants. Resultant concentrations of NOx, C02, H20 and air  
temperatures were monitored throughout the house. A tracer gas, SF6, was 
released in the house and at the same points as the pollutant concentrations. 
I t  Is concluded that, In non-steady conditions, i t  is invalid to assume that 
pollutants from a local source disperse uniformly throughout a house. To the 
contrary, various pollutants are dispersed at various rates and additional 
research should be directed to these dynamic behavioural characteristics. 
KEYWORDS 
venti lat ion efficiency, air movement, pollutant, nitrogen oxides, carbon 
dioxide, water vapour, tracer gas, sulphur hexafluoride, air  quali ty 

43. 
Sandberg M, Blomqvist C, Sjoberg M 
NO 2221 Efficiency of general venti lat ion in residential and off ice buildings 

- concepts and measurements. 
BIBINF 
Ventilation '85. (Chemical Engineering Monographs 24). Edited by H D 
Goodfellow. Amsterdam, Elsevier, 1986. p323-332. 2 figs, 4 refs. DATE 
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00:00:1986 in English AIC bk, AIC 1912 
ABSTRACT 
This paper gives a presentat ion of the cur rent  research being carr ied out at 
NSIB with the aim of exp lor ing the ef fect iveness of v e n t i l a t i o n  systems in 
c o n t r o l l i n g  contaminant leve ls .  The key concepts used for  quan t i f y ing  the 
performance are; the age d i s t r i b u t i o n  of both a i r  and contaminants. The a i r  
exchange e f f e c t i v e -  ness and the average v e n t i l a t i o n  e f f i c i e n c y  are derived 
from the age d i s t r i b u t i o n s .  Measurements of the performance of d i f f e r e n t  
v e n t i l a t i o n  s systems are given, expressed in terms of the key concepts above. 
Results from both s ing le room app l ica t ions  and whole houses or bu i ld ings are 
reported. 
KEYWORDS 
o f f i c e  bu i ld ing ,  res iden t i a l  bu i ld ing ,  v e n t i l a t i o n  e f f i c i e n c y  

44. 
Liddament M W 
A i r  i n f i l t r a t i o n  ca lcu la t i on  techniques - an app l i ca t ion  guide. 
BIBINF 
UK, Bracknel l ,  AIVC, 1986. DATE 00:00:1986 in English 

45. 
Her r l i n  M, Malmstrom T-G. 

NO 1589 A i r  leakage or con t ro l led  ven t i l a t i on?  
BIBINF 
5th AIC Conference 'The implementation and ef fect iveness of a i r  i n f i l t r a t i o n  
standards in bu i ld ings '  Reno, Nevada, I -4  October 1984, pp9.1-9.18, 12 f igs ,  1 
tab, 2 re fs .  DATE 00:10:1984 in English AIC bk 
ABSTRACT 
This paper compares the conventional exhaust syste~ with a supply-exhaust 
system with regard to the possible degree of contro l  of the a i r  exchange in 
the ind iv idua l  rooms. Ven t i l a t i on  e f f i c i e n c y  and a i r  exchange e f f i c i e n c y  are 
defined and some examples show the local concentrat ion,  mean v e n t i l a t i o n  
e f f i c i e n c y  and mean a i r  exchange e f f i c i e n c y  fo r  some simple v e n t i l a t i o n  
schemes. Exhaust systems require a very t i g h t  bu i ld ing  with small make up a i r  
openings. The a b i l i t y  of  the d i f f e r e n t  systems to avoid leakage out from the 
bu i ld ing  of indoor a i r  is also compared. The ca lcu la t ions  ind ica te  that  the 
exhaust system can give small durat ion of indoor a i r .  The supply-exhaust 
system gives a greater  durat ion,  but the f low can be considerably reduced i f  
the supply a i r  f low rate is reduced. An extremely low v e l o c i t y  exhaust system 
w i l l  also reduce the unwanted out f low. 
KEYWORDS 
con t ro l led  v e n t i l a t i o n ,  a i r  i n f i l t r a t i o n ,  a i r  leakage, v e n t i l a t i o n  e f f i c i ency ,  
a i r  change rate,  mechanical v e n t i l a t i o n ,  natural  v e n t i l a t i o n  

46. 
Ra i l i o  J, Saarnio P. 

NO 1698 A i r  i n f i l t r a t i o n  - modell ing and p rac t i ca l  resu l ts .  
BIBINF 
Unpublished paper, Technical Research Centre of Finland, 1985, I I  f i gs ,  4 
tabs, 5 re fs .  DATE 00:00:1985 in English AIC 1057 
ABSTRACT 
A steady state m u l t i - c e l l  ca lcu la t ion  model has been developed in order to 
p red ic t  the in terconnect ion between a i r t i gh tness  and v e n t i l a t i o n  rates. The 
model has been tested wi th measured leakage data of a detached house. I t  is 
appl icab le  also fo r  other types of bu i ld ings provided wi th natural  v e n t i l a t i o n  
systems. The model is being used - combined wi th f i e l d  measurements on 
a i r t i gh tness ,  a i r  f lows, pressure condi t ions and a i r  change rates - to help to 
solve various p rac t i ca l  problems on v e n t i l a t i o n .  Some examples of ca lcu la t i on  
resu l ts  are presented. The a i r t l gh tness  of various leakage paths is measured 
wi th the c o l l e c t o r  chamber method. To measure local a i r  change rates and 
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ventilation efficiency in various rooms, a ten-point measurement equipment 
with N20 tracer gas is used. For practical purposes, methods for airtightness 
measurements in larger buildings have been developed. Results from 
measurements in residential buildings are presented. Observed comfort or air 
quality problems are less related to air in f i l t ra t ion  than to insufficient 
total or local air change rates, which occur in a i r t ight  buildings without 
supply air arrangements, with natural ventilation or mechanical exhaust. 
KEYWORDS 
mathematical modelling, air tightness, air change rate, multi-chamber, 
detached house, natural ventilation, tracer gas, nitrous oxide, residential 
building, ventilation efficiency 

47. 
Klobut K. 
NO 2161 Model tests of ventilation effectiveness and air distribution - 

l i terature survey. 
BIBINF 
Report C:13, Espoo, Finland:Helsinki University of Technology, Laboratory of 
Heating, Ventilation and Air-Conditioning, Indoor Climate Project, 1985. ll4p, 
34 figs, 8 tabs, 84 refs. DATE 00:00:1985 in English AIC 1545. 
ABSTRACT 
A survey of mathematical models of air flow and of ventilation efficiency. 
Measuring equipment for laboratory experiments is described and the 
limitations and potential uses of the models are discussed. 
KEYWORDS 
mathematical modelling, air flow, ventilation efficiency 

48. 
Whittle G E 
NO 2525 Computation of air movement and convective heat transfer within 

buildings. 
BIBINF 
Int JAmb Energy, Vol 7, No 3, July 1986, p151-163, 9 figs, 36 refs. 
DATE 00:07:1986 in English AIC 2024 

ABSTRACT 
A review has been undertaken of the numerical computation of the air movement 
and convective heat transfer within buildings. The fundamental conservation 
equations together with a turbulence model are described, and a numerical 
procedure for solving the e l l i p t i c  partial di f ferential equations is outlined. 
The l i terature on the subject, spanning the past twelve years, is reviewed. 
Attention is br ief ly  drawn to examples of the use of numerical air movement 
codes. 
KEYWORDS 
calculation techniques, air movement, heat transfer, turbulence, model, 
review, computer, prediction 

49, , 

Isuizu Y 
NO 2145 Evaluation of ventilation systems through three dimensional 

numerical computation. 
BIBINF 
Trans SHASE, No.30, February 1986, pl-7, 15 Figs, 3 refs. DATE 00:02:1986 in 
English AIC 1529. 
ABSTRACT 
To make an evaluation of ventilation systems, numerical computation was 
carried out for three dimensional, isothermal, and turbulent flow schemes. I t  
was found that there exists an optimum position for an inlet  in relation to an 
outlet whereby the most effective ventilation can be attained. In addition, 
similar to the results For the two dimensional computation, the slope of the 
concentration decay is v i r tua l ly  constant and independent of the position in 
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the room, so the mixing factor derived from this s|ope can be used as an index 
of the ventilation efficiency. Further, three dimensional computation seems to 
be necessary for a quantitative estimation of the mixing factor. 
KEYWORDS 
mathematical modelling, ventilation strategy, ventilation efficlency. 

50. 
Nielsen O. 
NO I163 Ventilation efficiency. 

Venti lationseffektivitet. 
BIBINF 
VVS vol.18 no.12 p.43-46 vol.19 no.l p.27-39 6 figs. l tab. DATE 01:12:1982 
in Danish AIC 719 
ABSTRACT 
Notes that ventilation efficiency is not referred to direct ly in the new DIF 
standards for ventilation effciency. Reasons for this are that there are no 
clear definitions for the term or instructions on how optimum ventilation 
efficiency can be achieved under different operating conditions. Describes 
some measurements carried out on ventilation efficiency in non-industrial 
premises. 
KEYWORDS 
ventilation efficiency, standard, 

51. 
Blomqvist C. et al 
NO 883 Measuring ventilation efficiency at SIB. 

Matning av ventilationseffektivet vid SIB. 
BIBINF 
In ~Seminar on tracer gas and ventilation efficiency' Swedish National 
Institute for Building Research memorandum M81:16 March 1981 p.69-75 DATE 
01:03:1981 in Swedish AICR SEll, AIC 1826 
ABSTRACT 
Reviews the development of methods and results achieved. The methods have 
resulted in a proposal for a Nordic test method for measuring ventilation 
efficiency (local air change frequency) using tracer gas techniques and 
measurements carried out for two different ventilation systems. 
KEYWORDS 
ventilation efficiency, tracer gas, measurement technique, air change rate 

52. 
Skaret E, Sandberg M. 
NO 2139 Air change rate and ventilation efficiency. A new aid for the 

ventilation industry. 
Luftvekslings- og ventilasjonseffektivitet - nytt hjelpemiddel for 
ventilasjonsbransjen. 
BIBINF 
Norsk VVS. 1985, Voi.28, No.7, p527-534. 13 figs, l tab. DATE 00:07:1985 in 
Norwegian AIC 1524 
ABSTRACT 
Discusses guidelines produced for the Nordic Ventilation Group. Explains how 
the designer can select an effective ventilation system on the basis of 
information on ventilation rates and ventilation efficiency. 
KEYWORDS 
Ventilation strategy, ventilation efficiency. 
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APPENDICES 

Appendix 1 

Ke~ Subject Index and Author A f f i l ia t ion  

Country Author  Re f .No .  Definition Measurement Calculation Other 

Belgium Laret I * 

Fed.Rep.Ger. Meyringer 31 * 

Finland Paalonen 39 * 
Railio 46 * 
Klobut 47 * 

Japan 

Norway 

Sweden 

Switzerland 

United 
Kingdom 

Ishizu 49 * 

Skaret 8 
Skaret 9 
Skaret 10 
Skaret 14 
Skaret 15 
Skaret 21 
Skaret 33 
Skaret 38 
Martinsen 40 

Sandberg 2 
Sandberg 4 
Sandberg 6 
Sandberg 7 
Sandberg 17 
Pederson 19 
Sandberg 20 
Sandberg 22 
Sandberg 32 
Sandberg 34 
Sandberg 35 

Malmstrom 36 
Boman 37 
Sandberg 43 
Herrlin 45 

Roussel 18 

Dickson 16 
Freeman 28 
Liddament 44 
Whittle 48 

Design rules 

Influence of 
occupants 

continued/... 
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10.1  Appendix I (continued) 

Country Author Ref. No. Definit ion Measurement Calculation Other 

United ASHRAE 3 
States of 
America Sherman 5 * * * 

Janssen 11 * 
Janssen 12 * 
Offerman 13 * 
HarrJe 23 
Persily 24 
Persily 25 
Persily 26 
Fisk 27 
Maldeno 29 
Maldeno 30 
Rerzan 41 
Maki 42 

Comfort 
requirements 
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IO.Z Appendix 2 

IEA Annex Proposal "Optimisation of Air Flow Patterns 

1. Background 

Until recently air change rates have been used to define both the 
requirement for and the performance of ventilation systems. This is 
no longer an adequate parameter, because maximum energy economy can 
ony be achieved w i th  optimum ventilation effectiveness. Hence more 
research attention has recently been given to the patterns of air 
circulation within rooms and through buildings, to ensure that fresh 
air supply and pollutant removal requirements are effectively 
attained without undue use of energy resources. 

2. Objectives 

To study the physical phenomena which drive air,  indoor pollutants, 
and energy transport within and between building zones to produce 
information necessary to design and operate ventilation systems to 
maintain indoor air quality and comfort conditions in an energy 
eff ic ient manner. T h i s  work is also relevant to the use of 
ventilation to transport energy in response to individual building 
zone requirements. 

3. Means 

The Participants wi l l  undertake a task sharing project involving data 
acquisition, mathematical prediction, specific experimentation and 
analytical studies. The work being carried under Annex V, the Air 
In f i l t ra t ion  and Ventilation Centre, wi l l  be complementary with this 
proposed annex. In particular, AIVC w i l l ,  as part of its on-going 
work plan, carry out assessments of existing knowledge in the f ie ld,  
highlight gaps in the knowledge, and act as a vehicle for 
disseminating the results of this particular annex. 

4. Responsibilities of Participants 

The Participants shall contribute to all of the following sub-tasks:- 

a) Study the physical phenomena which drive air,  indoor pollutant, 
and energy transport within and between building zones, and conduct a 
detailed technical assessment of existing models which address these 
phenomena for ventilation flows. T h i s  wi l l  develop on from the 
review to be carried out by AIVC, which wi l l  identify various 
available models and their data requirements. The new annex wi l l  
assess the applicabi l i ty of these models to various air flow 
problems. Of particular importance wi l l  be to analyse the role of 
simpler design procedures as compared to complex three dimensional 
simulation codes. 
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b) Conduct controlled experiments to measure ventilation 
effectiveness in single and multizone applications using test- 
chambers (and scale models i f  applicable) for different ventilation 
configurations. The f i r s t  stage of this task is to develop a 
standard reporting format to assist information exchange between 
various research groups working worldwide, and to enable a more 
effective consolidation of the results. These controlled and 
co-ordinated experiments wi l l  provide quality data for the validation 
of the various models. The detailed measurements of the performance 
of different ventilation systems under varying operating regimes wi l l  
also form the basis of a document summarising the merits and 
disadvantages of alternative ventilation strategies. T h i s  wi l l  
provide an important contribution to the achieving of installed 
ventilation systems providing an adequate level of indoor air quality 
with a minimum non-renewable energy input. The dissemination of 
these conclusions wi l l  be an area where the AIVC should play a key 
role. 

c) Based on the experimental work described above, i t  should be 
possible to identify areas of weakness in the currently available 
models. These can then be improved to make them suitable for 
assessing ventilation flow problems. The task should then should 
address the problems of simplifying the model to enhance usabil i ty 
for practitioners without sacrificing desired accuracy. Such an 
exercise wi l l  need to carefully qualify the areas where these simpler 
models can be validly applied. Again, the development of this work 
into a summary guide for practitioners is an area where AIVC should 
be involved. The f inal document is a natural follow on from the 
AIVC's current Calculation Techniques Guide. 

5. Responsibilities of Operating Agent 

The Operating Agent w i l l : -  

a) Coordinate the work amongst the various Participants. 

b) Finalise the detailed work  plans for each Subtask in 
collaboration with its Participants and submit an annual programme of 
work t o  the Executive Committee not later than two months before the 
end of each year. 

c) Ensure that duplication of reasearch effort is avoided or 
minimised. In particular, to ensure that the information and results 
of the project are submitted to the AIVC so that the results can be 
consolidated and disseminated effectively to both researchers and 
practitioners. Th is  wi l l  involve the collation of information and 
the preparation of comprehensive guidance documents on both 
calculation techniques and system design. These documents wi l l  form 
the final output of this Annex. 

d) Co-ordinate the exchange of information through publications, 
reports, meetings and conferences. 
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e) Report the progress of work under the Task to the Executive 
Committee at least semi-anually. 

f) Submit a f inal report to the Executive Committee within three 
months after the completion of all the work under this Task, and 
submit such other reports as the Executive Committee may request. 

6. Results 

a) Reporting format for describing the experimental methods and 
results of air flow measurements in both test rooms and real 
buildings. 

b) Data sets for the verification of prediction techniques used in 
the analysis of ventilation systems. 

c) A manual giving summary guidance on the merits and 
associated with various ventilation schemes as an aid 
practice in system design. 

problems 
to good 

d) Manual on calculation techniques providing information to enable 
building designers and operators to maximise ventilation 
effectiveness and thusmaintain comfort and indoor air quality in an 
energy eff ic ient manner. 

7. Funding 

Each Participant shall individually bear the costs associated with 
the execution of activit ies defined in section 3. Participation in 
the Annex is subject to a minimum overall commitment of 36 man-months 
over the 3 year duration of the annex, plus the cost of using the 
necessary test fac i l i t i es .  

In addition to the technical input to the task, the Operating Agents 
wi l l  committ a further 3 man months per year to the task. 

8. Time Schedule 

This Annex wi l l  come into force on Ist ???? 1987 and wi l l  remain in 
force for a period of three years. I t  may be extended by agreement 
of any Participants desiring to continue this Task beyond its 
expiration date. The extension of this Annex shall be binding only 
on those Participants notifying the IEA Secretariat of their 
intention to so continue the Annex. I t  shall be binding on those 
Participants who withdraw from the Annex in accordance with Article 
lO(g) of the Agreement. 
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9. Operating Agent 

To be defined 

10~ Information and Intellectual Property 

a) Executive Committee's Powers. The publication, distribution, 
handling protection and owner~ip of information and intellecutal 
property arising from this Annex shall be determined by the Executive 
Committee, acting by unanimity, in conformity with the Agreement. 

b) Right to Publish. Subject only to copyright restrictions, the 
Annex Participants (referred to in this Annex as the "Participants") 
shall have the right to publish all information provided to the 
Annex, except proprietary information and all information arising 
from the Annex. 

c) Proprietar~y Information. The Participants and the Operating Agent 
shall take all necessary measures in accordance with this paragraph, 
the laws of their respective countries and international law to 
protect proprietary information provided to the Annex. For the 
purposes of this Annex, proprietary information shall mean 
information of a confidential nature such as trade secrets and 
know-how (for example, computer programmes, or design procedures and 
techniques, chemical composition of materials, or manufacturing 
methods, processes, or treatments) which is appropriately marked, 
provided such information: 

i )  I t  is not generally known or publicly available from other 
sources 
2) Has not previously been made available by the owner to others 
withQut obligation concerning its confidentiality and 
3) Is not already in the possession of the recipient Participant 
without obligation concerning its confidentiality. 

I t  shall be the responsibility of each Participant supplying 
proprietary information to a Lead Country or to the Operating Agent, 
to identify the information as such and to ensure that i t  is 
appropriately marked. 

d) Production of Relevant Information by.Governments. The Operating 
Agent"should encourage the governments of all Agency Participating 
Countries to make available or to identify to the Operating Agent all 
published or otherwise freely available information known to them 
that is relevant to the Task. 

e) Producti.on. pf Available Information .... b~ Participants. Each 
Participant agrees to provide to a Lead Country or to the Operating 
Agent all previously existing information, and information developed 
independently of the Task, which is needed by a Lead Country or by 
the Operating Agent to carry out its functions in this Task and which 
is freely at the disposal of the Participant and the transmission of 
which is not subject to any contractual and/or'legal limitations: 

1) I f  no substantial cost is incurred by the Participant in 
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making such information available, at no charge to the Task 
2) I f  substantial costs must be incurred by the Participant to 
make such information available, at such charges to the Task as 
shall be agreed between the Operating Agent and the Participant 
with the approval of the Executive Committee. 

f) Use of Confidential Information. I f  a Participant has access to 
confidential information which would be useful to a Lead Country or 
to the Operating Agent in conducting studies, assessments, analyses, 
or evaluations such information may be communicated to a Lead Country 
or to the Operating Agent but shall not become part of the reports, 
handbooks, or other documentation, nor be communicated to the other 
Participants except as may be agreed, between the Operating Agent and 
the Participant which supplies such information. 

g) Reports on Work Performed under the Task. The Operating Agent 
shall, in accordance with paragraph 5 above, provide reports of all 
work performed under the Task and the results thereof, including 
studies, assessments, analyses, evaluations and other documentation, 
but excluding proprietary information. 

h) Copyright. The Operating Agent or a Lead Country may take 
appropriate measures to protect copyrightable material generated 
under this Task. Copyrights obtained shall be the property of the 
Operating Agent, for the benefit of the Participants, provided, 
however, that the Participants may reproduce and distribute such 
material, but shall not publish i t  with a view to prof i t ,  except as 
otherwise directed by the Executive Committee. 

i) Authors. Each participant wi l l ,  without prejudice to any rights 
of authors under its national laws, take necessary steps to provide 
the co-operation f rom its authors required to carry out the 
provisions of this paragraph. Each Participant wi l l  assume the 
responsiblity to pay awards or compensation required to be paid to 
its employees according to the laws of its country. 

i i .  Part icipants 

To be defined 
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10.3 APpendix 3 

Sources of Commerclal Air Movement Software 

1, Program "PHOENIX" 

Cham Ltd 
Bakery House 
40 High Street 
Wlmbledon 
London 
SWI9 5AU 
United Kingdom 

Telephone= 01 947 7651 

2. Program "FLUENT" 

Flow Simulation Llmlted 
Thermoflulds Engineering Consultants 
Red Brick House 
Topper Lane 
Sheff ield 
$I 4EL 
Untted Kingdom 

Telephone: 0742 701595 
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