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Figure 2. Schematic of two-zone model. Figure 3. Diagram of lest room and HVAC system model
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COMPARISON OF DIFFERENT METHODS OF MEASUREMENT OF
LOCAL VENTTLATION PERFORMANCE

Jeff Læduc, Joe Pasztor, Richard Menzies

Respiratory Epidem iology Unit, McGill University, Canada

ABSTR,A.CT

A major determinant of exposure of workers in modem oflìce buildings is the micro-environment

of their worksite. This is determined by the dynamic relationship between local production of
contaminants and their removal by mechanical ventilation. For this latter phenomenon,

understanding is poor, definitions are controversial, and methods ofmeasurement are not

standardized. We have conducted a study using different methods to assess local ventilation

pr:rftr¡¡ra¡cc at 28 rvorksitcs in l0 nrcchlrricllly vcntilntcd officc lttrilrlirlgs SF6 triìccr gns \\':rs

released and the resultant concentrations at difIuser and respiratory zones during and afìer release

were nìeasured. The pattern ofchange ofrespiratory zone SF6 concentrations during and after

local release did not dilfer signifìcantly compared to central HVAC system release, nor following

evening compared to afìernoon release Diflerent patterns ofrespiratory zone SF6 concentrations

appear to be reasonably consistent and reliable. However, the relationship o[these measures to

other more traditional measures such as age o[air as well as the relationship to symptoms and

local contaminants concentrations remain to be determined.

INTRODUCTION

ln modern ofÏìce buildings with sealed windows, pollutants arising from indoor sources are

gencrally removed by mechanical ventilation through exchange of contaminated indoor air with

our|oor air. Although the cause(s) olsick building syndronre (S13S) rcrnains unknown, thcrc is

s'idespread belief that symptoms oISBS result from increased concentrations oIcontaminants

because o[inadequate supply ofoutdoor air. Despite the lack ofsupportive scientific evidence this

beliellead to changes in North American standards lor outdoor air supply, in l98l lrom 2 to 5

L/sec/person (l), and in 1989 from 5 to 9 L/sec/person (2). However in a recently completed

randomized experimental double-blind study, increases in outdoor air supply from l4 to 28

L/sec/person were not associated with reduction in symptoms considered typical of SBS (3) In
rhis study, there were significant differences in temperature, air velocity, and concentrations of
certain contantinants between worksites, even those on lhe sanìe floors in the salne buildings;

lhese between site differences were associated with between subject differences in symptom

reporling (3)

The nrajor determinants ofthe concentrations olcontanlinants at a worksite are the rate of
production from local sources, and the rate olrentoval by the ventilation system. There has been

considerable investigation into lactors associated with local contam¡nant production, but the

factors affecting contanrinant rentoval renrain poorly understood Investigation ofthis
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phenomenon is cornplex, as it usually requires tracer gas release and measurement (4,5), and thcrc

i, no aonr.nrrs regarding the definition, nor methods o[measurement. We planned to use tracer

gas techniques to characterize the performance o[the ventilation system in removal of

iontaminants, from the worksites of workers with symptorns typical olSBS, and matched

controls To address a number of methodological questions, we first conducted a pilot study

comparing three methods of estimating local ventilation system performance, at 28 worksites.

I\ÍATERIALS AND f\IETIIODS:

Sites ;r¡d tluiltlirrgs: The pilot rvas conducted in l0 nrechanically ventilated buildings. Two to

three sites served by the sanre branch line ofthe supply air olone ventilation system within each

building q,ere selected. Sites rvere selected to provide a representative sample ofthe types of

of'fices, ancl HVAC systems, found in these buildings

Tracer grs relense: To minimize potential building occupant concerns, we planned to release

tracer gas after 6:00pm, and locally into or pre nrixing box in the branch supply air duct serving

the worksìte to be studied. First, local vs central s1'stem releases and afternoon vs evening

releases \\,cre comparecl in three enclosed oflces, each with one difÏuser, in a single building For

the remainder, local evening releases were conducted. For the system releases, pure SF6 was

released into the main supply air duct at 1.0 L/min. For local releases, pure SF6 was injected at

200 ml/nrin into a branch supply air duct typically supplying 5 to 10 diflusers feeding an enclosed

area, at a suitable injection point 3-5 metres'upstream' from the site diffuser SF6 was injected

from a l5L polyetlrylene bag, for l0-13 nrinutes, using a volunretric pump

Trncer gÍìs nìeâsurentent: At one site lor each injection instantaneous measurements were made

every minute using a photoacoustic multi-gas monitor equipped with a filter lor SF6 Measures

were made at respiratory zone alternating with diffuser zone At all other sites being

concomitantly measure/, collections olair at difluser and respiratory zones were made every

minute into enìpty p The two

measurement points meter above the

floor) and the other release ofSF6,

and every 2 minutes tions were no

traced This ensured minimal or no infiltration oluntraced air

Other measul'erììenls: Prior to the test the room dimensions were nleasured and volume

calculated Output from all diffusers in the room or open area was nteasured directly with a hot-

rvire anemometer. A surlace gricl oldiffuser measures,traverse measures olthe ducts and the

surface correction factors were utilized to calculate volurnetric output of the diffusers ln some

cases, the most recent balancing report was utilized

Delìnitions and cnlculatiorls:
I Diffuserratio: theratioo[theoutputolthediffuserlorthesitebeingmeasured-to-the
average output for all diffusers in lhe roon/open area

2 Air changes per hour (ACPtl) theoretical: total output from all diflusers -divided by - the room

volume in cubic metres

3 ACPH actual: Calculated from decay oflog(SF6 concentrations) at respiratory zone (RZ)

4 ACPH theoretical: Calculated from total air supply from all diffusers -divided by - room

volume

5 ACPFI ratio: ratio oiACPH actual - to - ACPH theoretical

6 Ratio end SF6: the ratio of Respiratory Zone SF6 concentrations (RZ-SF6) to Difluser Zone

SF6 concentrations (DZ-SF6) during the last four minutes oftracer gas injection

7 Ratio mid SF6 - the ratio of RZ-SF6 to DZ-SF6 in the middle three minutes of injection.

8 Pattern of SF6 rise at RZ: visual impression with regard to rate ol rise in RZ-SF6, relative to

DZ-SF6 ,,Plateau" delìned as: RZ-SF6 concentrations significantly less than Dz-sF6

concentrations, without significant diflerence between Ratio-end-SF6 and Ratio-mid-SF6

Annlysis: These outcomes we[e correlated with each other. Average values of these outcolnes

grouied by characteristics of sites such as oflìce of HVAC type, were compared by T-test or

Analysis of Variance

IìESULTS:

As shorvn in Table l, there were no differences in the pattern or rate of rise in RZ-SF6 during

local or system (central) injection, although there rvere substantial, and trnexplained, differences in

the ACpH calculated lrornSF6 decay. 1'here were ¡uinintal diflèrences in the pattern, rate olrise

and calculated ACPH between afternoon and evening local releases At 7 worksites air was

supplied from two differqnt supply air ducts running to different diffusers At these sites' tracer

gor'*u, injected into both suppiy air ducts simultaneously However DZ-SF6 concentrations

r"esulting from the two injections were often very diflerent, with the result that RZ-SF6

concentrations varied widely, as did the mid-SF6 and end-SF6 ratios' making results from these

sites diflìcult to interpret.

l'able I Methodologic aspects of SF6 nteasurements

(Number)

Type ol release

Time of release

A.fternoon (3)

Evening (3)

n*o o[injections

2.'7

21
t'7

l3

.59
5'l

'75

15

75

65

<1

50

ACPH
actual

ACPH
ratio

Difluser
perform

Ratio
End SF6

Ratio
Mid SF6

System (3)

Local (3)
0.9
27

05

.17

t00%
lOjYo

t00%
100%

91%
86%

One (27)
Trvo (7)

07
0.'7

l2
08

66
8l

58

65



As shown in Table 2, the ratio of RZ-SF6 to DZ-SF6 was positively correlated with the

worksites' diffusers delivery of air relative to other diffusers in the same room, and negatively

correlated wìth room size. These ratios were also positively correlated with theoretical ACPH'

calculated from diffuser output and room volume. This could be interpreted as indicating that

delivery olair from theDZ to the RZ is lower ilthe room is larger, and is better if the diffuser

output is higher, at least relative to other sources ofair supply in the room. On the other hand

these ratioùre, if anything, negatively correlated with ACPH calculated from RZ-SF6 decay after

tracer gas irrjection was stáppeã. The more negative correlations with ACPH ratios is a reflection

of the lositive correlation of diffirser output, and theoretical ACPH, with these ratios.

Table 2 Correlation of different estimates of local ventilation performance.

Table 3 Relationship of oflice and HVAC characteristics to esti¡nates of local ventilation
pcrlormance.

(No.) ACPH
Actual

ACPH
Ratio

Ratio
End

Ln SF6

Ratio
Mid
Ln SF6

0fììce type

Closed

0pen

IIVAC type
CAV

l)attcl n

Plateau

No plateau

lnlrltrations

0f[ce/HVAC
Closed/CAV
Closed/VAV
Open/CAV
Open/VAV

l2
l2
t.3

t2
l2
08
o7

07

24
l3
l5

(24)
(t 0)

1.2

08
l0
l4

(2s)
(e)

t.l
1.0

Difr. Ratio
Perf

9'7%

88Vo

95Yo

96%

89%
98%
t00%

980

93%
87Yo

99%

end (ppb) mid(ppb)

.''t0 .60

66 .59

Ratio
End

SFe

Ratio
End SF6 I 0

Ratio Mid SF6 I 0

Ratio end Ln SF6

Ratio mid Ln SF6

Room Volt¡me

DiffiLser perlormance

Actual ACPH

Ratio ACPH

80 93

l0

Ratio
N4id

sFo

Room
Vol.

DifT.
Perf.

ACPH
Actual

ACPII

Ratio

-45

(l l)
(15)
(4)

58
62

4't
60

86

60
45
55

74

10
6'l

5l
73

99

75

50
59

8l

08

20

l9
08

23

(t8)
(4)
(7)
(s)

9483 85

a1

93

1.0

- ll

35

- ll

_))

l0

l0

40

-.06

l2

28

- 33

- 1l

-.14

-.39

-il

-01

-02

.04

1.0

-51

-49

22

75

l0

ACI'tl llatio : ACI'Il Aclual / ACI'Il'l'hcorctical
2 Dimus.r performance: Diffuser output/ Average difluser output for room
I Ratio end: RZ-SF6/DZ-SF6 at end of release
{ Ratio mid: RZ-SF6/DZ-SF6 at middle o[release

As shown in Table 3, there were substantial differences between ofIìce types or HVAC types

in these different est¡rnates of local ventilation system perlormance The plateau phenomenon was

seen in 550lo ofopen concept offices, cornpared lo only2SYo olclosed oflìces, yet the calculated

ÀCPI{ were significantly higher in these open areas. This may have been because the decay in RZ-

SF6 concentrations was due to mixing with air from other worksites in the open area, and not

actual removal by dilution with air from the ventilation system Actual air change rates were very

lorr,, consirlerably bclorv thc thcoretical rÍìtcs calculatc(l lronr nrcasurcd difììrscr otrtput
'l he pattern of clrarrgc in Iì2'-5I;6 in rcsponsc to SI;ó relcase c<-ruld bc cltaracterized as a

plateau at I I worksites, and not as a plateau at l5 sites In Figure I are shown examples of these

t\\o patterns seen at two different sites At four sites the RZ-SF6 concentrations exceeded the

DZ-SF6 concentrations These four sites were all supplied by VAV systems; diflerences in DZ-
S[:6 concentrations at the diflerent difhrsers in the sanre roonì were seen, and infiltration fronr
sites with higher DZ-SF6 may have occurred.
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FOR THE DETERMINATION OF AIR-FLOW

ABSTRÀCT

supply opening for the model experiment'

INTRODUCTION

Computational Fluid Dvnamics (CFD) and physical Model Experiments (ME) aretwo possible

methods for the determination of the air distribution system and the latter will be discussed

in the following.

ution in large
programme "

field measure

CFD-methods (1).

GOVERNING EQUATIONS AND DIMENSIONLESS NUMBERS

The cond.irions for model experiments rning equations. in

a nondimensional form (2). The go contnurty equatlon'

three Navier-stokes' equations (one ' y and z) and the


