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ABSTRACT

Methods to measure airflow rates using tracer gas in single air handling units are well known.
However, in some buildings, in particular in Singapore, rooms are often ventilated with two or
more units. An adapted methodology that should be used to measure not only the airflow rates
provided by each unit, but also to determine the inter-units airflow rates and the global
ventilation efficiency is presented.
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INTRODUCTION

Methods to measure airflow rates using tracer gas are used since several decades (ASTM,
1988; Presser and Becker, 1988; Roulet and Vandaele, 1991). They are, among other uses,
applied for measuring outdoor airflow rates or all the airflow rates occurring in single air
handling units (Roulet et al., 1994). In some buildings, however, in particular in Singapore,
rooms are often ventilated with two or more units. An adapted methodology that could be used
to measure not only the airflow rates provided by each unit, but also to determine the inter-
units airflow rates and the global ventilation efficiency is presented, together with an example
of measurement.

MODELLING THE AIRFLOW PATTERN

It is common in Singapore to find office spaces ventilated as shown in Figure 1. The full
network corresponding to such a design is illustrated in Figure 2. The following symbols are

applied in the figures:
o outdoor air 1 infiltration air
s supply air e exfiltration air
r return air BA from unit B to unit A
X extract air AB from unit A to unit B

The concentration of tracer gas should be measured in the room (node 2') to separately
determine all illustrated airflow rates. This is not practical and may not be possible in many
cases, since the building management may not allow drawing sampling tubes in the office
rooms.
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Figure 1 A room with two supply units (A and B) with recirculation. Airflows are indicated
by letters and network notes by numbers (see text).
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Figure 2 Complete equivalent network corresponding to Figure 1.
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Figure 3 Proposed simplified network to determine airflow rates of Figure 1.

In order to allow determining the inter-units airflow rates without sampling air in the room, the
airflow pattern is modelled according to Figure 3. Nodes 2 are in the supply ducts. This supply
air is assumed to go partly into both return ducts and to outside by exfiltration. Infiltration is
assumed to dilute room air and ends into recirculation duct. This compromise does not allow
the exact determination of infiltration in each separate room, and biases slightly the inter-unit
flow rates. It provides, however, an estimate of these airflow rates, good enough in most cases,
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without having to sample air in the rooms. It takes account of the fact that a wall often
separates rooms.

Tracer gas 1 is injected into outdoor air duct, and tracer 2 into supply (either upwind the fan
or in supply duct), once in unit A, once in unit B. There are hence either four tracer gases, or
up to four successive experiments.

Sampling points

outdoor air

inlet duct, downwind the injection port of tracer 1,

after the supply fan, upwind the injection point of tracer 2,

supply duct, downwind enough to the injection port of tracer 2 to get good mixing,
3 return duct.

N~ = QO

All sampling points are taken in both units, 4 and B. For example, C., denotes the
concentration of tracer 1—injected in unit A—in the inlet duct of unit 4.

Main Airflow Rates

Outdoor air and supply flow rates are obtained directly from concentrations of the tracer
injected in inlet, respectively, supply ducts and measurement of concentration upwind and
downwind the injection locations:

1 I
Qyp=—4— and Op, =— 22— (1)
CiAla - CoAla CiBlb - CoBlb
I I
OQp="—"""— and Op =" (2)
C1A2a - C2A2a ClBZb - CZBZb

Conservation of airflow rates in both units provide the return airflow rates:

O4r= 04— Ouo and Osr = Ops— Oso 3)

Then, all main airflow rates can be assessed independently in each unit, applying the method
described in Roulet and Vandaele (1991), Roulet et al. (2000) and in the other papers of the
same authors in this conference. If measurements are performed in one unit only, the outdoor
air brought by the other unit(s) is included in (or aliased with) the infiltration flow rate.

Inter-Units and Leakage Airflow Rates

Applying air- and tracer mass conservation at node 3 provides two systems of three equations
allowing getting infiltration, extract and inter-units airflow rates for both units. Using a matrix
notation, these are:

For unit A

1 1 1 o) 0,
C _C3Aa C2Aa_C3Aa C2Ba_C3Aa QAx = 0 4)

oa

Cob - C3Ab C2Ab - C3Ah Csz - C3Ab QBA 0
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(CA )QA = QA;« (5)
Similarly, for unit B, we get, by permuting subscripts 4 and B:
(CB )QB = QBr (6)

In these equations, tracer a, respectively, b, could be either the one injected in outdoor air inlet
duct or into the supply air duct. Since the return airflow rates are known, these two systems
can easily be solved:

QA = (CA )71 QAr and QB = (CB )71 QBr (7
Exfiltration airflow rates are finally obtained by conservation of air at nodes 2A and 2B:
QAe = QAS - QAx - QAB and QBe: QBS_ QBx_ QBA (8)

Balance of whole rooms could be used for a check:

Que + Oe = Ouo T Opo + Oui + Osi )]

No Infiltration

If, from pressure differential measurements, it can be reasonably assumed that there is no
infiltration, or if infiltration is negligible, the systems of Eqns (4) and (6) can be greatly
simplified. For unit A, for example:

Oux +Qup =0Qus
Oux +084 =04r
(C2ua = C34a)Qax +(Capy —C3.44 )84 =0
(C24p = C3.45)Q.x +(Capp = C3.45 )0p4 = 0

(10)

from which we can easily calculate the part of the return airflow rate that comes from unit B:

QBA C2Aa B C3Aa C2Ab B C3Ab

= = (1 1)
QAr C2Aa - CZBa C2Ab - Csz
For unit B, we get similarly:
QAB — CZBa B C3Ba — CZBIJ B C3Bb (12)
QBr CZBa o C2Aa Csz o C2Ab
Finally, the parts of the return airflow rate that comes from the same units are:
&:1——@“ and %:1——@’3 (13)
QAr QAr QBr QBr
Perfect Mixing

When complete mixing occurs in the rooms and/or plenum, the concentrations of all tracers do
not differ significantly in both return ducts.
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In this trivial case, both rooms and plenum can be combined in one single node, as shown in
Figure 4. Only outdoor, supply and return airflow rates can be measured, since uncertainty on
concentration differences of Eqns (11) and (12) is too large. It can only be deduced that inter-
room airflow rates are both much larger than supply or return airflow rates.

3

Rooms and Plenum

Ao : 0 Outdoors 0 m

Figure 4 Simplest network corresponding to Figure 1 when perfect mixing occurs in the
ventilated rooms.
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EXAMPLE OF MEASUREMENT

Two measurements were performed in building HW in an office space ventilated by two units.
The space layout is illustrated in Figure 5. HW is a new modern commercial office building
with a very airtight design to reduce infiltration of unconditioned air. The office space can be
divided into two big ‘rooms’ separated by a high wooden cabinet. The arrows represent the
position of the supply and return ducts for the two units.

Room B

_ I

Room A S e S

Figure 5 Layout of the measured space, showing the two air conditioning units.

The two measurements were performed with different sets of filters, but with the same fan
speed, powered by a frequency controller locked at 50 Hz. In experiment 2, both units were
equipped with electrostatic filters, rated at 12 Pa pressure drop @ 1000 cfm (1700 m’/h). In
experiment 1, unit B was equipped with a media filter rated at 31 Pa pressure drop, unit A still
having its electrostatic filter. This significantly changed the airflow pattern in the rooms. In the
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first experiment, full mixing occurs, while a strong inter-room airflow from A to B dominates
in the second experiment. The results of the airflow rates measurements using the above
model are shown in Table 1. Only significant digits are provided. Therefore, a small airflow
rate not significantly different from zero is shown as zero.

The results show that the supply and outdoor air from both units are not balanced. The main
airflow rate in unit B is almost the double of that in unit A. The inter-rooms airflow rates are
very large in both cases. In the second experiment, the airflow rate from room A to room B is
much larger than the flow rate from the reverse direction. On the contrary, extract air from
room A into unit A is large and the corresponding flow rate is not significant in room B.

Table 1 Results from measurements: airflow rates in m’/h.

Experiment 1 Experiment 2

Unit A Unit B Unit A Unit B
Outdoor air 0 600  £100 900  £200 900  +£200 900  +200
Supply s 14100 £900 27 000 £3000 17 000 +2000 33 000 +5000
Return r 13000 +1'000 26 000 £3000 16 000 £2000 32 000 +5000
Recirculation ratio » 96 +1% 96 +1% 95 +1% 97 +1%
From other room Very large 100 +900 33 000 +5000
Extract same room x Not applicable, full mixing 16 000 +2000 O +7000

CONCLUSIONS

It is shown that the tracer gas method used fro assessing airflow rates in air handling units can
easily be extended to two—or even more—units, provided that tracer gas experiments are
performed in all units. Such measurements could be useful to explain the transfer of pollutants
from one location to another in the space, or to check the balance of the airflow rates provided
by several units ventilating the same space.
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