
represented. Samsung nomi
nated four models in the SR 
Series including the SR-V52, 
S R-V57, SR-L628EV and 
SR-L626EV and all four won 
energy efficiency awards. 

New air 
filter 
company 
A new c o mpany, Air Safe 
Australia Pty Limited, has 
been formed that will manu
facture and market air filters 
for the Australian market in 
air conditioning and ventila
tion systems installed in com
mercial and industrial build
ings. The company is jointly 
owned b y  Robert  Garnett, 
John Hill and James N. Kirby 
Pty Limited. 

Kirby Refrigeration wili be 
the sole Australian distributor 
for the range of filters manu
factured by Air Safe Australia 
at Bankstown in Sydney. 

Air Safe Australia has the 
exclusive rights for 
Scandfilter AB of Sweden, 
who manufactures filter media 

that meet the most stringent 
requirements for commercial 
and industrial applications. 
The product range includes 
cardboard disposable, pocket 
bag, vee mesh, pad, carbon 
activated and Hepa filters. 

Scandfilter is one of only 
three filter media manufactur
ers in the world manufactur
ing electrostatically charged 
media. 

This enables Air Safe 
Australia to manufacture fil
ters for the Australian market 
with high initial performance 
and higher average perfor
mance than filters manufac
tured from non-electrostatical-
1 y charged media with the 
same EU rating. 

Robert Garnett has worked 
in the air conditioning indus
try for 30 years with compa
nies such as McNea!l Air 
Conditioning and Atlas Air 
Australia, and he has been a 
member of AIRAH for 25 
years. Mr Garnett, who is a 
director of the company, says: 
"The company is well posi
tioned to gain a significant 
market share of the filter busi
ness through having the right 
product and a company struc-
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ture to suit the competitive 
market of the 1990s." 

The company will offer 
building owners and man
agers technical support on 
ways of improving their 
building indoor air quality. 
This support will be provided 
through the expertise of John 
Hill, one of the company 
directors. John is an industrial 
chemist and has worked for 
companies such as CIG, 
Gelman Sciences and Clyde 
Apac. He has many years' 
experience in identifying 
indoor air quality problems. 

Kirby Refrigeration's Grant 
Shallcross, national product 
manager - air filters, explains 
that with the formation of this 
new company Kirby is again 
offering a world class product 
to the industry. "We are very 
enthusiastic about this venture 
as it presents an excellent 
opportunity to get involved in 
a growing market due mainly 
to the heightened awareness 
of the need for superior air 
quality in so many applica
tions. 

With the technical backing 
of AS.A. and the comprehen
sive range of world class fil
tration equipment we can now 
offer the industry, we at Kirby 
will have the answers to solve 
air quality problems for our 
customers." 

F o r  further information 
contact Air Safe Australia Pty 
Ltd, PO Box 4305, Milperra, · NSW 1891, phone (02) 9708, 
fax (02) 9708 0688. 

Copeland's 
Asian boost 
Copeland Corporation, manu
facturer of air conditioning 
and refrigeration compressors, 
is demonstrating its strong 
commitment to meeting the 
needs of customers in the fast
growing Asian markets by 
opening one new manufactur
ing facility in the region and 
breaking ground for another. 

The company recently offi
cially opened a US$70 mil
lion, 13,500m2 facility on a 
23-acre site in Rayong, 
Thailand. It  is Copeland's 
first manufacturing plant in 
Asia and it will manufacture 
250,000 units in 1998. It has 
installed capacity to produce 
500,000 of the company's 
hitech compliance scroll com
pressors a year; and it will 
later be expanded to produce 
1,000,000 compressors a year. 

It has also held a ground
breaking ceremony to start the 
construction of a second facili
ty in Suzhou, China. 
Representing a US$ l 80 mi I
lion investment, the 40,000m2 
Suzhou plant will also be 
capable of manufacturing a 
million compressors annually. 

Award for 
back-saving 
device 
A review of gas cylinder han
dling operations at a 
Newcastle Gas & Gear centre 
has led to BOC Gases devel
oping a pneumatic cylinder 
lifting device which won the 
1997 WorkCover NSW Back 
Injury Prevention Equipment 
Award as part of the 
WorkCover NSW BackWatch 
program. 

The cylinder lifting device 
cost $150,000 and took 12 
months to develop. 

According to BOC Gases 
quality and safety specialist 
Marian McLean, the cylinder 
lifter greatly reduces the 
potential for workplace back 
injuries. 

She said the cylinder lifter 
was developed by a special 
BOC Gases project team 
formed t o  iden tify h o w  to 
improve workplace practices 
involving the manual handling 
of gas cylinders. 

After reviewing existing 
operations, project team mem
bers sketched out their indi
vidual concepts of a model 
cylinder loading and unload
ing facility and pooled their 
ideas. A wooden prototype 
was built which led t o  the 
development o f  a working 
model and a final product. 

Numerous safety features 
have been built into the design 
including a safety link at the 
end of the hoist chain, guard
ing on the cam mechanism and 
a warning bell in the event of a 
fall in air pressure. 

The cylinder lifter can be 
used at any location where gas 
cylinders are singly handled 
and an overhead lifting system 
is available with a five metre 
clearance from floor to roof. 

BOC Gases is seeking 
opportunities to market the 
device elsewhere in Australia 
and overseas. 

For further information con
tact BOC Gases, phone (02) 
9936 3666, fax ( 0 2 )  9 9 2 8  
3900. 
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Ventilation design options 
for IAQ in HVAC systems 

By Andrew J Crabtree, MA, MIEAust, CPEng, M.AIRAH* 

T
hi paper u e the "Ameniry Index" 
concept introduced in the draft revi
sion to AS 1668 - The Use of 

Ventilation and Air Conditioning in 
Buildings, Part 2 Ventilation of Bu ildings 
to examine various techniques by which 
the ventilation aspects of indoor air quali
ty (IAQ) in air conditioned buildings may 
be improved. 

A common building model and ventila
tion system model are described, which 
incorporate perimeter and interior zones, 
high-occupancy and low-occupancy zones 
and a smoking z one to illustrate the 
demands imposed by these differing char
acteristics. The results of computerised 
calculations to determine the Amenity 
Indices for the basic model and for vari
ous supplementary techniques, both indi
vidually and in combination, are tabulated 
and discussed. 

The particular problems associated with 
IAQ design in variable air volume (VA V) 
systems are briefly discussed. A suggest
ed approach to the IAQ calculations in 
VA V systems is suggested, and two 
potential equipment/system options are 
described for resolving localised ventila
tion deficiencies. 

Introduction 
The introduction of AS1668.2-1991 [1], 
and in particular the ventilation require
ments detailed in Section 2 of that  
Standard, entitled "Supply Air Dilution 
Procedure", radically changed the way in 
which HV AC designers are required to 
assess the ventilation performance of the 
air conditioning and ventilation systems 
they design. 

At the time of writing this paper, the 
Standard is in the process of revision, and 
the draft Standard for Comment 
(DR96425) [2] was issued on October 1, 
1996 with the closing date for comment 
being 30 November 1996. In this paper, 
the expression "the draft Standard" is 
used to denote the above document. 

The author wishes to emphasise that: 
a) The DR96425 document is a draft only 

and is liable to change. 
b) The opinions expressed in this paper 

and the interpretations of the draft 
Standard are those of the author and not 
those of Standards Australia. 
The provisions of AS1668.2-1991 are 

complex, and have not been fully under
stood or implemented by many designers, 
including some of the most eminent 

Andrew Crabtree is principal of Crabtree 
Engineering Software, Perth, WA and is 
author of the computer program VENTPAC. 
This paper was presented at the 1997 
AIRAH Conference, Hobart, Tasmania. 

design offices in Australia. 
Whilst  the calculation procedures 

required for an "engineered" solution are 
no less demanding under the draft revision 
to the Standard, the Amenity Index con
cept adopted in the revision facilitates the 
explanation of the objectives of the 
Standard and provides a basis for predict
ing the relative effectiveness of different 
alternatives. 

This paper uses the Amenity Index con
cept to examine the relative merits of vari
ous techniques for IAQ enhancement, and 
proposes a general design procedure 
which will assist the HV AC designer in 
meeting the often conflicting objectives of 
maximising indoor air quali-
ty for environmental health 
reasons whilst minimising 
outdoor air quantity for ener-
gy conservation and capital 
cost reasons. 

guidelines have been included in this 
paper which are intended to assist design
ers in addressing the IAQ issues relevant 
to this system design option. 

The building and ventilation 
system model 
This paper uses a common building and 
ventilation system model to demonstrate 
the effect of various individual techniques. 
A floor plan of the building model is 
shown in Figure 1, and the principal prop
erties of the elements shown are detailed 
in Table 1. 

Assumptions and factors of particular 
relevance to the performance of the venti
lation systems are as follows: 
a) All areas of the model are air con di 

tioned from a common central constant 
air volume (CA V) system with a design 
indoor maximum temperature of less 
than 27°CDB. 

b)Both conference r ooms have been 
modelled with an occupancy of 2m2 per 
person. While this is half of the default 
occupancy recommended in AS1668.2 
and/or the draft revision, it is a fairly 
common density of occupation in many 
existing applications. 

c) Smoking is prohibited and activity level 
is "light" in all areas except the lunch 
room, where smoking classification is 
"intense" and activity level is "medium". 

d) Supply air quantity ranges from 20 Lis 
per square metre in conference room 1, 
which has high occupancy and high 
solar and external fabric loads, down to 
5 Lis per square metre in the interior 
offices, which have low occupancy and 

Figure 1. Floor plan of the building model 

External glazing 

r 
Conference 

It was initially the author's 
intention to cover IAQ 
design for variable air vol
ume (VA V) systems in this 
paper. H aving embarked 
upon this segment, however, 
it soon became apparent that 
it is too large and complex a 
topic to be covered as a sub
section of this paper, and 
merits a paper in its own 
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VENTILATION 

Zone Description Floor 
No. area (m2) 
1 Perimeter offices 200 

2 Interior offices 150 

3 Conference room 1 50 

4 Conference room 2 50 

5 Lunch room 50 

TotalsO 500 

Table 1. General data for the building 
model 

no external fabric loads. This distribu
tion is consistent with the assumption of 
air conditioned spaces on the other 
sides of all three interior walls and on 
floors above and below. 

e) The common air handling unit is 
modelled with central air filters rated 
F4 to AS1324.1, as required by the draft 
Standard (ie. minimum efficiency of 20 
per cent using test dust No. 1). 

IAQ performance assessment 
methodology 
Ventilation system performance and the 
resulting indoor air quality in the ventilat
ed spaces has been analysed using a 
development version of a computer pro-

Table 2. IAQ performance camparison for 
system options 

Description OAQ 

Enclosure 
type 
Offices - office areas 

Offices - office areas 

Offices - conference rooms 

Offices - conference rooms 

Food and drink services - dining rooms 

gram named VENTPAC [3] Version 3. 
VENTP AC Version 3 uses the princi

ples and equations contained in the draft 
Standard. Where necessary, the equations 
have been adapted to suit computerised 
calculation techniques and/or to accom
modate system options which are consis
tent with the principles of the draft 
Standard but are not accommodated with
in the equations contained in it. In particu
lar, this applies to the supplementary out
door air option (see clause 
"Supplementary tempered outdoor air to 
high-load areas" below). 

In the draft Standard, the measure 
which is used to assess the indoor air 
quality o f  each space is termed the 
"Amenity Index". In interpreting the 
Amenity Index, the following notes may 
be usefull: 
a) For any enclosure, Amenity Index is 

calculated for each of three 
contaminants, namely body odour 

Occupants Supply Notes 
Air (lJs) 
20 3500 Perimeter zone 

15 750 Interior zone 

25 1000 Perimeter zone 

25 500 Interior zone 

30 750 Smoking 

115 6500 

(BO), tobacco dmoke odour (TSO) and 
tobacco smoke particulates (TSP). 

b)The Amenity Index is the inverse of the 
"Used Air Fraction" in the enclosure; 
ie. an Amenity Index of 1.0 indicates a 
Used Air Fraction of 100 per cent, or 
complete contamination. 

c) An Amenity Index of 3.5 corresponds 
to a Used Air Fraction of approximately 
30 per cent, and is the minimum 
allowable under the draft Standard for 
any of the enclosures. 

d)An Amenity Index of 5.0 corresponds 
to a Used Air Fraction of 20 per cent, 
and is the recommended minimum 
under the draft Standard for conference 
rooms or dining rooms. 

e) An Amenity Index of 7.5 corresponds 
to a Used Air Fraction of approximately 
13 per cent, and is the recommended 
minimum under the draft Standard for 
office areas. 
An iterative calculation procedure is 

Amenity Indices 

Us Perim. Offices Interior Offices Cont. Room 1 Conf. Room 2 Lunch Room 

BO TSO TSP BO TSO TSP BO TSO TSP BO TSO TSP BO TSO TSP 

AS 1668.2 Minimum 3.5 3.S 3.S 3.S 3.S 3.S 3.S 3.5 3.S 3.S 3.S 3.S 3.5 3.5 3.S 

;:: .. : ��1!!i3ritft�!��:i::I::r @l��im tt�';;: ;::t�t :1t;fE t!i::,:: :!Z;!;:; :&iJ); '.im: t!::$:: :::�;g:�. ::��iglli: Man r!!�g:� :::t:ti!: J:�lti ;::��:' 
1 a Basic system design 7SO 4.7 10.0 31.9 4.4 10.0 31.9 4.3 10.0 31.9 3.9 10.0 31 .9 3.0 4.7 7.0 

1 b No smoking, light activity 7SO 7.9 NIA NIA 6.4 NIA NIA 6.2 NIA NIA S.4 NIA NIA S.7 NIA NIA 

12.0 34.3 S.O 12.0 34.3 4.5 12.0 34.3 3.4 2a OIA to DR9642S-Clause 4.3.S 87S 5.6 12.0 34.3 5.2 S.1 7.1 

26.3 S2.2 9.6 26.3 S2.2 7.7 26.3 S2.2 S.O 2b OIA to DR96425-Clause 4.3.6 1650 11.8 26.3 52.2 10.1 6.7 7.6 

3a Exhaust Lunch Room 7SO 8.3 NIA NIA 7.4 NIA NIA 7.2 NIA NIA 6.1 NIA NIA 4.3 8.9 8.9 

3b Exhaust Perimeter Offices 7SO 4.3 8.9 28.2 4.0 8.9 28.2 3.9 8.9 28.2 3.6 8.9 28.2 2.9 4.4 6.8 

4 Supp. OIA to Lunch Room 7SO 6.3 13.7 36.7 5.8 13.7 36.7 S.6 13.7 36.7 4.9 13.7 36.7 5.0 7.4 9.8 

Sa Relief Perim.>Lunch Room 7SO 4.7 10.0 31.9 4.4 10.0 31.9 4.3 10.0 31.9 3.9 10.0 31.9 3.5 6.0 10.1 

Sb Relief Conf. Rm 2>1nterior 7SO 4.7 10.0 31.9 4.2 10.0 31.9 4.3 8.S 30.0 3.9 8.S 30.0 3.0 4.7 7.0 

6 Increase Lunch Room SIA 7SO 4.6 9.9 33.3 4.3 9.9 33.3 4.3 9.9 33.3 3.8 9.9 33.3 3.5 6.0 10.3 

7 Central air cleaning 400 11.S 11.2 2S.7 9.9 11.2 2S.7 9.4 11.2 2S.7 7.6 11.2 2S.7 S.O s.o 6.6 

8 Lunch Room SIA cleaning 6SO 6.5 10.6 31.9 5.9 10.6 31.9 S.8 10.6 31.9 5.0 10.6 31.9 S.O s.o 7.0 

9 Lunch Rm recirc. cleaner 6SO 6.5 10.6 31.9 5.9 10.6 31.9 S.8 10.6 31.9 S.O 10.6 31.9 S.O S.O 7.0 

Supp. OIA to Lunch Room 1SO 

10 Exhaust Lunch Room + 8.3 NIA NIA 7.9 NIA NIA 7.2 NIA NIA 6.1 NIA NIA 5.1 10.6 10.7 

Relief Perim.>lnterior Off. 7SO 

Table 2 
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VENTILATION 
used to determine Amenity Index based 
on the following equations: 

U,0 = L(q)AI0)/Lq, for all enclosures 
U,0 = U,0 X [ l - (Q/Q,)] X (1 -£0c) 
AI0 = [q, + q, +(qi X E1J + qsup]/ 

[((nx �+(Use X q, X (1-£10)) + L(q/AIJ] 

where: 

a.c = 

n= 

q,= 

q, = 

q,= 

Q,= 

Amenity Index in the enclosure 
with respect to contaminant c 
Amenity Index in an enclosure 
from which relief air is drawn 
with respect to contaminant c 
Contamination rate (air used) 
per person in Lis 
Number of occupants in the 
enclosure 
Recirculating air quantity 
through the local recirculating 
air cleaner/filter in Lis 
Return air quantity from the 
enclosure to the common return 
air duct in Lis 
Supply air quantity to the 
enclosure in Lis 
Supplementary outdoor air to 
the enclosure in Lis 
Relief air transferred into the 
enclosure from an adjacent 
enclosure in Lis 
Total outdoor air drawn into 
the common air handling unit 
in Lis 
Total supply air delivered by 
the common air handling unit 
in Lis 
Used air fraction in the return 
airstream to the air handling unit 
with respect to contaminant c 
Used air fraction in the common 
supply air duct to all enclosures 
with respect to contaminant c 
Air cleaning efficiency of the 
central air cleaner/filter with 
respect to contaminant c 
Air cleaning efficiency of the 
local recirculating air cleaner/ 
filter with respect to contaminant c 
Air cleaning efficiency of the 
local supply air cleaner/filter 
with respect to contaminant c 

Ventilation system 
performance and IAQ 
enhancement options 
General 
Table 2 shows the required performance 
of the ventilation system to comply with 
the draft Standard, the calculated perfor
mance of the basic system, and the calcu
lated system performance with a variety 
of additions or modifications. 

The left hand column shows a reference 
number which will be used in the follow
ing text to denote the system configura
tion. 

It can be seen from configuration l a  

(Basic system design) that the basic sys
tem using 12 per cent (7SO Lis) outdoor 
air provides Amenity Indices in the body 
odour category which are less than recom
mended minimum in all five enclosures. 
Indeed, in the lunch room, which is evi
dently the most demanding enclosure, the 
Amenity Index for body odour is less than 
the minimum allowable value of 3.S, and 
the Amenity Index for tobacco smoke 
odours is less than the recommended min
imum value of S.O. 

Because the lunch room is the most 
demanding enclosure, most of the IAQ 
enhancement techniques outlined in the 
following clauses are focused on improv
ing the Amenity Indices in this enclosure. 

The following properties of the basic 
system performance are of particular 
interest: 
a) The Amenity Indices for tobacco smoke 

odours (TSO) are equal in all 
enclosures except the lunch room 
because all these enclosures are 
non-smoking. Therefore the Used Air 
Fraction of the air in each enclosure 
equals the Used Air Fraction U, in the 
common supply air duct. 

b)The same also applies to the tobacco 
smoke particulates (TSP) Amenity 
Indices. In addition, the 20 per cent 
efficient particulate air filters in the 
central air handling unit result in higher 
Amenity Indices with respect to 
tobacco smoke particulates (TSP) in all 
enclosures than for the other 
contaminants. 
As a comparison, configuration 1 b 

illustrates the effect if the lunch room 
were declared non-smoking and with light 
activity only. Since all enclosures are now 
non-smoking, there is no contamination in 
any enclosure with respect to tobacco 
smoke odours (TSO) and tobacco smoke 
particulates (TSP). Since the lunch room 
activity level is now light, BO contamina
tion has been reduced and the lunch room 
Amenity Index now complies with 
DR9642S. However, the Amenity Index 
in the perimeter and interior offices still 
falls short of the recommended minima, 
as these enclosures have the highest 
design values. 

Using the Basic System Design of con
figuration la as the "benchmark", the fol
lowing examples in the next eight clauses 
show the effect of implementing individ
ual techniques to assess their impact on 
the Amenity Indices within the enclo
sures, and the example in the clause head
ed "Combination of techniques" shows 
the potential effect of combining a num
ber of these techniques into one system. 

Increasing outdoor air 
Using the basic model of Table 1, if the 
prescriptive procedure of DR9642S 
Clause 4.3.S is adopted, the required out
door air quantity would be 87S Lis (ie. 8S 
people @ S Lis per person + 30 people @ 
lS  Lis per person). 
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The effect of increasing outdoor air 
flow rate to this value is shown as config
uration 2a. This illustrates that although 
the BO Amenity Index in conference 
room 1 narrowly achieves its recommend
ed minimum, the values in all other areas 
still fall short of the recommended level, 
and indeed in the lunch room is still 
below the minimum allowable value of 
3.S. 

It is important to note that this configu
ration is, in any case, not allowable under 
the requirements of DR9642S Clause 
4.3.4(a), as the 7SO Lis supply air quantity 
to the lunch room is less than the required 
minimum to comply with equation 4(1) of 
969 Lis. 

Alternatively, the minimum outdoor air 
quantity required by DR9642S Clause 
4.3.6 to achieve the recommended 
Amenity Indices in all areas is 16SO Lis, 
with the lunch room being the critical 
area. The effect of this is illustrated in 
configuration 2b. 

Increasing outdoor air quantity is the 
most common and simplest technique for 
improving IAQ, but has a significant capi
tal and energy cost. The outdoor air quan
tity has increased from 12 per cent of sup
ply air in the basic model to approximate
ly 2S per cent, incurring additional cool
ing and heating loads of up to 40 per cent, 
depending upon location and ambient 
conditions. 

Exhaust from high-load areas 
Exhaust air drawn from the most demand
ing, or "dirtiest" enclosure reduces the 
amount of contamination which is 
returned into the common return 
airstream. This reduced Used Air Fraction 
in the return airstream results in a reduc
tion in the Used Air Fraction in the supply 
airstream, which therefore improves the 
Amenity Indices in all enclosures. 

Configuration 3a is based on an exhaust 
rate equal to the supply air to the enclo
sure, resulting in no return air to the com
mon return air duct. This in tum results in 
Amenity Indices for tobacco smoke 
odours and particulates (TSO and TSP) in 
all enclosures other than the lunch room 
of infinity (ie. zero contamination) as 
there is no contam.inalion either from the 
supply air duct or from within the enclo
sure. Paradoxically, though, configuration 
3b models an exhaust rate of 7SO Lis 
drawn from the perimeter offices, which 
have the highest Amenity Indices of all 
enclosures. By exhausting air from the 
"cleanest" enclosure, the concentration of 
contaminants in the common return 
airstream, and hence in the supply 
airstream, is increased and the Amenity 
Indices in all enclosures decrease. 

Thus it is evident that careful consider
ation should be given to the relief air 
paths through which relief air to exhaust 
systems may best be drawn, and that 
where possible relief air should be drawn 
from densely occupied or "dirty" areas. 

Supplementary tempered outdoor air 
to high-load areas 
Configuration 4 illustrates the effect of 
supplying 270 Lis of supplementary ou�
door air directly to the lunch room. This 
supplementary air would need to be tem
pered to design room temperature and 
may be delivered through common air dif
fusion fittings or separate air diffusion fit
tings to supply air from the main system. 

Whilst its primary effect is to enhance 
the Amenity Indices in the lunch room so 
as to achieve recommended values, it also 
provides significant enhancement of the 
Amenity Indices in the other enclosures. 
This is the combined result of the dilution 
of the contaminants in the return air from 
the lunch room and the increase in conta
minated "spill" air prior to the air han
dling unit. 

In large buildings where changes of 
usage or partitioning are likely to occur 
from time to time, such as office towers, a 
supplementary tempered outdoor air sup
ply system with a capacity of, say, S per 
cent of the main air handling system sup
ply air could prove an effective tool in 
providing flexibility for the IAQ require
ments of future tenancy changes. 

Relief air from one enclosure to 
another 
The location of the return air grilles with
in an air conditioning system is an often 
neglected facet of system design, and is 
commonly based simply upon the eco
nomics of duct and building layout with
out reference to any performance consid
erations. 

Configurations Sa and Sb provide 
examples of how relief air paths can either 
enhance IAQ or diminish IAQ in the 
enclosures into which air is relieved. 

In configuration Sa, 500 Lis is trans
ferred from the perimeter offices to the 
lunch room, with a corresponding 
increase in the return air quantity collect
ed from the lunch room and decrease in 
the return air quantity collected from the 
perimeter offices. Because the Am�nity 
Indices in the perimeter offices are higher 
than those in the lunch room, this pro
vides an enhancement of the Amenity 
Indices in the lunch room. 

Conversely, however, in configuration 
Sb, the total supply air quantity is relieved 
from conference room 2 into the interior 
offices, a common design practice in 
many systems. This has the effect of 
diminishing the air quality in the interior 
offices due to the relatively low Amenity 
Indices in conference room 2. If relief air 
from the lunch room were used, this 
would have an even more damaging effect 
on interior offices IAQ. 

It is interesting to note that this tech
nique only affects the air quality in the 
enclosures into which relief air is trans
ferred, as it only alters the path through 
which contaminants are returned to the air 
handling unit, but not the quantity of cont
aminants. 

Increasing supply air to high-load areas 
Configuration 6 illustrates the effect of 
increasing the supply air quantity to the 
lunch room from 7SO Lis to 12SO Lis. This 
has the effect of diluting the contamination 
in the room air and the return air from the 
lunch room. 

However, as the total return air quantity 
increases but the "spill" air quantity 
remains unchanged, a higher proportion of 
the total contamination generated withi1!_, 
the building is returned to the air handling 
unit and the Used Air Fraction in the sup
ply �ir duct increases, causing a reduction 
in the Amenity Indices in the other enclo
sures. 

In simple CA V systems, this is an option 
which is often inappropriate, as the 
increase in supply air quantity would 
require zone reheat to avoid unacceptable 
temperature deviations. In some system 
types, however, in particular face-and
bypass multizone systems or some d�al
duct systems, this would be an opt10n 
which offers no such barriers, as the full 
load supply air quantity would merely 
include a higher proportion of bypass air. 

Central air cleaning/filtration 
Configuration 7 demonstrates the effect of 
providing central air filters/air cleaners 
with adequate efficiencies for each conta
minant to enhance the lunch room Amenity 
Indices to the recommended minimum. 

This example uses efficiencies of 20 per ·
cent efficiency with respect to body odour 
and 7 per cent with respect to tobacco 
smoke odour. Efficiency with respect to 
tobacco smoke particulates remains at 20 
per cent as required by the draft Standard, 
and produces an Amenity Index which 
comfortably exceeds the recommended 
minimum. 

In addition, the outdoor air intake to the 
system has been reduced to 40�·:5 Lis 
which equates to the absolute mm1mum 
allowed under the draft Standard, Clause 
4.3.6(a) - ie. 3.S Lis per person. 

It may be noted that, as the result in the 
lunch room is achieved by reduction of the 
Used Air Fraction in the common supply 
air duct, this solution also provides 
Amenity Indices which meet the require
ments of the draft Standard in all other 
enclosures with a generous margin. 

IMPORTANT NOTE: 
Whilst activated carbon filters are exten
sively used for odour control, and may 
well be able to achieve the required levels 
of odour removal to meet the objectives of 
the draft Standard, neither AS1668.2-1991 
nor the draft revision DR9642S acknowl
edge the existence of acceptable test meth
ods for determination of the efficiency of 
odour-removing devices within the body 
odour or tobacco smoke odour ranges. 

This effectively means that the perfor
mance benefits resulting from odour
removing air cleaners cannot be used to 
achieve compliance with the Standards. 
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VENTILATION 
Local supply air cleaning/filtration in 
high-load areas 
Configuration 8 demonstrates the effect of 
providing terminal supply air 
filtration/cleaning of the supply air deliv
ered to the lunch room. In this example, 
efficiencies· of 45 per cent (body odour) 
and 7 per cent (tobacco smoke odour) are 
required to meet the recommended mini
mum Amenity Indices for the lunch room. 

No additional air cleaning is required 
with respect to tobacco smoke particulates 
as the central particulate air filters already 
meet this requirement. 

I t  may b e  noted t h a t  b o d y  odour 
Amenity Indices in the perimeter offices 
and interior in this example are still less 
than the recommended minima, although 
they have improved with respect to the 
basic design model in configuration 1. 
This improvement is due to the reduction 
in the contamination from the lunch room 
to the common return air duct. 

A similar caution must be applied to the 
practical application of this technique with 
respect to removal of body odours and 
tobacco smoke odours as stipulated in 
clause "Central air cleaning/filtration" 
above. 

Local recirculating air cleaners in 
high-load areas 
Configuration 9 demonstrates the effect of 

a local recirculating air cleaner in the 
lunch room. 

In this example the recirculating air 
cleaner has a recirculating air quantity of 
500 Lis, with air cleaning efficiencies of 
50 per cent with respect to body odours 
and 5 per cent with respect to tobacco 
smoke odours. 

It should be noted that the performance 
of these units is a function of the product 
of airflow multiplied by efficiency, so a 
unit with a recirculating air quantity of 
1000 Lis and efficiencies of 25 per cent 
and 2.5 per cent respectively would 
achieve the same performance with 
respect to air quality, although it  may well 
require consideration of other factors such 
as air movement. 

The performance and qualifications for 
this configuration are generally the same 
as those outlined in the clause above for 
configuration 8, including the caution 
regarding practical availability of odour 
control techniques. 

Combinations of techniques 
The techniques described above may be 
used individually or in c o njunction. 
Configuration 10 shows, as an example, 
that the Amenity Indices in all areas will 
meet the recommendations of the draft 
Standard in a system which includes the 
following: 

a)750 Lis of outdoor air via the air 
handling unit 

b) 150 Us of supplementary outdoor air to 
the lunch room 

c) 100 per cent exhaust of all air delivered 
to the lunch room (ie.900 Lis total 
exhaust) 

d)750 Lis relief air transferred from the 
perimeter offices to the interior offices. 
This combination has been selected as a 

practical combination which does not 
include odo ur-removing air cleaning 
devices, due to the lack of availability of 
such equipment as noted in "Central air 
cleaning/filtration" above. 

This combination provides a system 
requiring 900 Lis total outdoor air (or 
approximately 7.8 Lis per person) of out
door air in comparison with 1650 Lis (or 
approximately 14.4 Lis per person) if 
increased outdoor air alone were used. It 
is worth noting that the total outdoor air 
quantity in this configuration is only mar
ginally greater than that in configuration 
2a (see "Increasing outdoor air" above), 
but with significantly improved Amenity 
Indices in all enclosures. 

Other combinations of techniques to 
suit the characteristics of a particular 
installation may be used to achieve similar 
results. 

Variable air volume (VAV) 
systems 
General 
There has been frequent and lengthy 
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debate in several corners of the HV AC 
industry over the relationship between 
supply air quantity and occupancy in vari
able air volume systems, and how this 
shoulcl be applied to the calculations 
required by AS 1668.2-1991. The draft 
revision DR96425 mentions some of the 
related issues but does not resolve this 
question. 

The following brief notes are offered to 
promote consideration of the important 
issues of relevance to VA V systems and 
to suggest some ways of tackling problem 
areas. 

Modelling of supply air distribution 
In general, the "critical" enclosure in any 
system will be the enclosure with the min
imum value of supply air quantity per per
son. This may be untrue where enclosures 
have different classes of occupancy, activ
ity or smoking levels, or where design 
Amenity Indices vary between enclosures. 

Whilst a detailed analysis should be 
carried out to examine the full range of 
operating conditions for the system and 
for all enclosures, the following guide
lines may be useful in achieving an 
approximate assessment of the likely sys
tem configuration: 

For VA V svstems with fixed supply air 
temperature: • In interior zones with no fabric or solar 

load, assume that maximum occupancy 
coincides with maximum supply air 
volume. • In perimeter zones, calculate the supply 
air volume applicable to maximum 
occupancy and interior loads but with 
zero fabric and solar loads. 

For VA V svstems with supply air temper-
ature reset: • Identify two system configurations, 

Configuration 1 using minimum supply 
air temperature (at maximum design 
ambient conditions) and Configuration 
2 using maximum supply air temperature. • In interior zones with no fabric or solar 
load, calculate the supply air volume 
which applies under each system 
configuration with maximum 
occupancy and internal loads - this 
should equal maximum air volume in 
Configuration 2 and a lesser value in 
Configuration 1. • In perimeter zones, calculate the supply 
air volume applicable to maximum 
occupancy and interior loads, using 
maximum design ambient conditions 
for Configuration 1 and zero fabric and 
solar loads for Configuration 2 - this 
should equal maximum air volume in 
Configuration 1 and a lesser or equal 
value in Configuration 2. • Separate calculations should be carried 
out for each of these configurations to 
determine the outdoor air requirements. 

Improving IAQ in VA V systems 
Any of the techniques outlined in the sec
tion headed "Ventilation system perfor
mance and IAQ enhancement options" of 
this paper may be used with VA V systems 
to improve local indoor air quality. Some 

of these techniques can present new prob
lems which need attention, particularly the 
balancing of airflows and transfer air in 
the case of supplementary outdoor air sys
tems and local exhaust systems. 

Two p articular equipment/system 
options have particular potential in 
addressing localised IAQ problems in 
VA V systems under part-load conditions, 
as follows: 
a) "Dual-duct" type VA V units with 

tempered supplementary outdoor air to 
the secondary air inlet, to enhance the 
proportion of outdoor air in the supply 
airstream as the primary airflow 
decreases under part-load conditions. 
Total airflow through such units need 
not necessarily be constant, but could be 
"ramped" to ensure adequate outdoor 
air under a variety of load configurations. 

b)"F an-terminal" type VA V units 
incorporating air filters/air cleaners in 
the recycle air path. Since these units 
are commonly designed to provide a 
constant total airflow to the enclosure, 
the recycle airflow increases as the 
primary airflow decreases, and 
consequently the contaminant removal 
rate will similarly increase. However, 
for this system option to be useful 
within the context of the draft Standard, 
it is essential that approved test methods 
for odour-removing air cleaning devices 
be established. 

Conclusions 
The following conclusions may be drawn 
from this paper: 

The outdoor air quantity required for a 
ventilation system to comply with the 
requirements and/or recommendations 
of the draft Australian Standard 
DR96425 can be significantly reduced 
by intelligent use of a variety of system 
design options. Similarly, the indoor air 
quality in a system with a 
predetermined outdoor air quantity can 
be significantly improved by use of the 
same techniques. 
A structured design process should 
include the following general procedure 
for optimisation of indoor air quality 
and outdoor air quantity: 
a) Determine the physical data, including 
dimensions, occu pancy, usage and 
supply air quantity for each enclosure. 
b) Calculate the outdoor air quantity 
required to achieve the recommended 
Amenity Indices for all contaminants in 
each enclosure, without the use of any 
optimisation techniques. 
c) If the required outdoor air quantity is 
deemed excessive, then: 
i) Identify the critical enclosure(s). 
ii) Identify the available design options 
from "Ventilation system performance 
and IAQ enhancement options" of this 
paper, with due consideration of the 
system type and economic factors; in 
the case of VA V systems, review the 
additional options described in sub
section "Im proving IAQ in VA V 
systems". 
iii) Apply these techniques individually 
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and/or in combination, giving priority 
to the critical enclosure(s), and recalcu
late the required outdoor air quantity. 
d) In v ariable air v o l ume s y st e m s ,  
determine multiple "worst-case" system 
configurations as described in "Variable 
air volume (VA V) s y s tems" of this  
paper, and repeat (a)  to (c)  above for 
each configuration. • Where possible, relief air to exhaust  
systems should always be drawn from 
relatively "dirty" enclosures with low 
Amenity Indices. • Where possible, relief air transferred 
from one enclosure to another should 
always be from the "cleaner" enclosure 
(with higher Amenity Indices) to the 
"dirtier" enclosure (with lower Amenity 
Indices). • Serious consideration should be given 
by HY AC designers to provision of 
supplementary tempered outdoor air 
systems i n  large buildings to provide 
flexibility for future changes of usage in 
p arts of the b u i l di n g .  Matching 
flexibility should also be considered in 
common exhaust systems. • The development of approved t e s t  
m e t h o d s  f o r  determ i n at i o n  o f  
efficiencies  of odour-removing air  
cleaners should be a high priority for 
manufacturers and testing authorities, 
and would s i g nifi cantly e xtend the 
options availab l e  for o p t i m i s i n g  
ventilation system design and operation. 
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Ventilation by displacement -
its characteristics, design and 
other related developments 

By Y. Li, PhD; A.E. Delsante, B.Sc.(Hons), PhD; and M. Sandberg* 

cent literature, mainly from Scandinavian countrie . . on dis

placement ventilation is reviewed in this paper. The paper 
i rs1 discusses the thermal-fluicl now and contami nant 

removal characteristics in displacement ventilated rooms and the 
flow behaviour of low-velocity air supply registers. This discus
sion outlines the main differences between displacement ventila
tion and mixing ventilation systems, which have implications for 
various design components in displacement ventilation. 

Engineering models for calculating near-field length, airspeed 
in the farfield, air temperature near the floor and the ceiling, cool
ing load, vertical air temperature gradient, concentration in the 
upper pollutant zone, and the clean zone height are summarised. 
Preliminary work on integrating the four-node model into an 
Australian building thermal modelling code, CHEETAH, is pre
sented. This work will eventually enable improved calculations of 
cooling loads due to heat conduction through walls and solar radi
ation through windows to be done for displacement ventilation 
systems in realistic buildings. 

General guidelines for design displacement ventilation systems 
using these simple prediction tools are provided. Additionally, 
other related developments on near-body flows, effects of moving 
bodies, raised floor systems and chilled ceiling systems are briefly 
mentioned. 

Introduction 
Air distribution 
The concept of ventilation has evolved to include not only the 
fresh air requirements, but also how the supplied air is distributed. 
A good air distribution system delivers sufficient fresh air to occu
pied regions and removes contaminants (including heat) from 
occupied regions as quickly as possible. There are four basic types 
of air distribution patterns, namely fully mixed flow, piston-like 
flow, short-circuiting and stagnant flow patterns. 

A piston-like flow pattern is the most efficient 
way to deliver fresh air and remove contaminants. 
But it is always hard or expensive to maintain 
such an ideal flow pattern. In displacement venti
lation, such a flow pattern is partly achieved by 
using the simplest natural convection principle, 
ie. wanner air rises. Thermal plumes over a per
son or a computer, and upward natural convection 
along a wanner wall surface, all tend to rise. 

These upward flows transport the contaminants 
generated in the occupied regions or in the same 
source where the heat is generated. Such a flow 
behaviour is utilised in displacement ventilation 
to maintain a vertical upward displacement flow 
pattern. In a conventional mixing ventilation sys-
tem, the room convection flows are not directly 
used, but rather are "destroyed" to some extent to 
achieve a flow pattern dominated by supply jets. 

In many situations, displacement ventilation 
has been proved to be more efficient than mixing 
ventilation for simultaneously removing excess 
heat and achieving good air quality. It should be 
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mentioned that displacement ventilation is primarily designed for 
cooling purposes. Its use alone is not efficient for heating. 

Natural convection flows 
Very early studies on ventilation, eg. Shaw [20], have suggested 
that natural convective flows over the human body are the most 
important factor in room ventilation. Shaw asked: if natural con
vection around a body did not exist, what would happen to the air 
surrounding the head? He suggested an interesting comparison 
between a fish in water and a man in air. Water density cannot be 
substantially affected by fish body temperature as occurs to air by 
the human body. If a fish were to breathe water in and out, as 
humans breathe air in and out, a cloud of used water would be 
formed in front of the fish which would be breathed over and over 
again. Shaw interestingly speculated that this might be the reason 
that fish use gills to direct used water out behind the head. Fish 
cannot take advantage of the natural convective plume to expel the 
used water. 

The author repeatedly suggested that "for the purpose of ventila
tion, convection is the primary condition of success though it is 
the cause of many failures'' .  It has been realised now that the near
body natural convection currents (not only the plume over the 
human body) are very important to the effectiveness of displace
ment ventilation. 

In a simple displacement ventilation system, cool air is supplied 
with a low velocity at floor level, which is then transported 
upward by natural convection and plumes. The used air is exhaust
ed at the ceiling level (see Figure l ) .  Using smoke flow visualisa
tion, one can find that there are generally two distinct zones -
one lower clean zone containing fresh air and one upper polluted 
zone. 

Figure I. Basic flow principles in a room ventilated by displacement 
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