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1. Introduction

Tn order to properly quantify energy balances in buildings, it is neces-
sary to know both the heat transferred by conduction and radiation and

the convective heat transfer between the differemt zones which exist
within the building. While the first two mechanisms of heat transport
are well described by theory, even if difficult to quantify in real
situations due the time-dependency of the boundary conditions in presence,
the third mechanism, which is associated to the convective air currents,
is more difficult to deal with because the variables required for the
evaluation of temperatures and airflows cannot be characterized with

enough detail.

One way to overcome this difficulty is to utilize tracer—gas techniques,
which have been proven to be a reliable way to calculate all the internal
airflows in a house, /1,2,3/. This technique can be implemented in
different ways, but the most common are the steady-state concentration
and the decay metheds. In each of them, the tests cam be carried out
with different experimental procedures.

No matter which multizone tracer—gas method is used to extract the
airflows from the tracer—gas experiments, the starting point for the
subsequent calculations is a tracer-gas balance for each zone:
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WieE ﬁij - flowrate from zone i to zone ]
Ajj - flourate from zone j to zone i
Ci - concentration in zone i
o - flowrate of tracer—gas release in zone j
n - number of zones of a building
vy - effective volume of zone j
T - time

1f the tests are to be made by the steady-state concentration method, the
left hand side of equation 1 is zero and it is not necessary to know the
effective volumes of each of the zones. However, this method requires
more elaborate control equipment in order to maintain the tracer—gas
concentration constant in all zones for the duration of the measuring

period.

195

E:t::: :zzzﬁdmezzzd,czhe req?iredhequipment is simpler than in the steady-
o , conversely, the effective volumes of
be known. In real buildin 2 Thomat iy
e kn 2s, however, there are furnishi i i
difficult if not impossible t . e T ir o ek R
ult o measure the effective vol
Then, it is usual procedure t i
; o make a rough estimate of the n
3 3 et
::: :::txgm;z:t::: calculat:gns. This assumption, however, may :zlzzzsof
i sources of error in the estimati i
airflows. 1Indeed, it is i e
i possible to show that small variati i
air volumes can lead to important changes in the calculated :E:fingonal

This paper describes a trace

p racer-gas method which allows for the si
:::::iztzndog :he effective volumes and all the pertiment ai:;::::taneom
; shed between the different zones of a buildi
implemented with a single tracer— Sl thar 16 1o b

gas /2/, demonstrating that it i

necessary to have sophisticated contrel i i 44
flows with the tracer-gas technique. e

ﬁ::u:;stare present?d both for a single zone affl for a two zone situation
sts were carried out under controlled conditions in a laboratory ’

2. Mathematical Procedure

igdmu}Z}zunifsEECESEén zones), there are (n + 1).n airflows to be evalua

% 5 e effective volumes are not known, and is i e

t £ v this is th

::t:imo;t all real situations, there are n additin;al unknowns fureacase

i obl(n + 2).n. Thus, it is necessary to establish as many equations
able to extract all the volumes from the experiments.

As Stated in the introd i

uction, there are different experimental procedures
= L P P
to J.mplement the tracgrhgas decay method, name],y:

1= zoilffire;t tracer—gases are introduced simultaneously, one in each
e ,O the building. The.ensuxng concentration evolutions of all
cers are’then recorded in each room. With this procedure only one
experiment is necessary, /5/. 3

2 - One tracer-gas is introduced into one zone and the concentrati
?vDIUth? is measured in all zones. The procedure is repeat éon
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¥~y Fy<?) tracer pgases are released into an equal number of zones of
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test is completed, the same gases are introduced into a differen:
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anée?te dur%ng the decay,.m = 0 and, after rearranging the terms
integrating the equation,it is possible to obtain:
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. T, 1, :he comp:rt?ents h:d been.designed‘nut_to res?h-an uniformly mixed state
v. [e.(t)-c. rp]= T ass e T o ue to the lower than optimum ventilation efficiency of the forced air
1 [ e A ] i=1 43 (c; J) Aoj Cjdt @ distribution system installed, /8/. Thus, uniform mixing had to be
T L2 enhanced throughout the tests with small fans placed in each compartment.

In all tests, the tracer was released in the supply air duct to each room,

Where: Agj — flowrate of external air entering zone j. Tusk Hedane Ch Aittagare

n additional mass air balance equations complete the required number
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These equations also derive from equation 1, but now m is not zero: =
T T T
B 1 . ) Fig. 1 — Schematic of the two-room space.
vj [cj (TL)‘Cj (To)j= b A,-_j (Ci‘cj)dT‘AojI cjdnf mdT  1<jen (4)
i=l T T T There were two sampling points within each cowmpartment, 0.7 and 1.8 m
2 2 9 above the centre of the floor. The concentrations of the supply and

exhaust air for each compartment were also sampled. The concentrations
were measured by a single calibrated infrared detector, which received
air from all sampling points through a multiplexer proprammed in an
appropriate sequence, /2/.

Although Janssenet al, /7/, described a procedure to evaluate the effec-
tive volumes of buildings when they had a single zone, i.e., when the
buildings could be considered as uniformly mixed, no other known methodo-
logy allows for the simultaneous calculation of volumes and airflows in a
multizone building. The objective of this paper is to demonstrate the
validity of the procedure which establishes a general methodology for
this purpose.

Comparison of the data from the three sampling points characteristic of
the compartment, the two inside the space plus the exhaust duct, also
showed that there was a good mixing within each compartment, as only
minute differences were measured (3.5% relative to the average value).
Thus, the hypothesis of uniformly mixed zones in a nonuniformly mixed
space was considered to be fullfiled. The value of the concentration of
tracer-gas representing each compartment during the supply and decay
tests was calculated as the average of the three concentrations.

3. Experimental Validation

3.1. Laboratory set-up. The tests rooms were located inside a large laboratory such that no
significant variation in the laboratory's CO., concentration was measured
due to the exhaust and exfiltration from the rooms. The background (0
concentration in the laboratory was constant within # 17 for theduration

of the tests.

The tests were conducted im a two room space, shown in Fig.l. Each room
had a desk, a chair, two computer terminals and some electrical equipment.
A central air-handling system supplied air to both compartments. Exhaust
air from the compartments was drawn by a second fan. Total supply
flowrates were measured by nozzles placed in the ducts. The tests were performed utilizing just one tracer-gas (procedure 2).
Equations (2) and (4) were integrated in each case over the whole
measuring period using Simpson's rule and the systems of simultaneous

equations were solved numerically by Gauss elimination.

The tests were performed with CO2 as a tracer and were carried out in two
ways:

. In the first, the objective was to calculate the supply air flowrate
and the effective volume of room 1. The supply and exhaust air ducts
to room 2 were shut off, the door between rooms was closed and the door
connecting room 2 to the laboratory was kept completely open.

3.2. Results

As stated earlier, the tracer-gas methodology described in the previous
sections was carried out for two kinds of tests — single zone (one com—

. In the second kind of tests, each of the rooms simulated one zone. The
partment only) and two zones (both compartments used).

door connecting the rooms could be closed or opened in different
positions and the door connecting room 2 to the laboratory was perma-—
nently closed.
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3.2.1. Single zone

A typical test of the single-zone situation is shown in Fig. 2, including
the step-up and decay of CO2 in compartment 1. Fig. 2 glso shows the
calculated and the measured airflow rates, and the physical and calculate
effective volumes for that room.

Four different tracer—gas injection rates were used for each of four
different supply airflows, for a total of sixteen tests. The results,
listed in Table 1, show that the model is able to prediect with good
accuracy the effective volume of the cempartment, with a standard error
of only 2%. The average volume also looks quite reasonable because
there was some furniture inside the room, which should account for the
1.2 m3 difference between the calculated effective volume and the measu-
red physical volume of the room.

TABLE I — Overall results for the single-zone tests

[MEASURED CALCULATED  VALUES

AIRFLOW

RATEimY h) TEST 1[TEST2HEST JTEST ¢JAVERAGE
LO2 ()| 2.9 1.9 %] 59

IV (mf h 5L | 55 51 50 [525¢ 2(39°/s)
» L‘-'irrill L3 L6 | ek L4 |ea3nzats)
T 29 39 | L9 | 59
100 v 88 | 9) 93 86 [895227(T/s)

Y Li 113 L6 L5  |LaB2 8(LY/.)
Cco2 (] 59 59 59
0 v 15 ne nt 126 [128.2045012%,)
o \‘i{ h‘.3 13 L5 46 JAL2:0M098%.]
co2 &9 69 &9 69
190 Y 154 167 154 155 [157.5255315%.)
v a2 s | w43 |eas08ns)
Yolume {lotal uerage“rrﬁ) LL2vQ9(2/s)
Mea sured votumntm’]. L5k

#® Wi Lhout accounting for furniture
) V caleulated by eqn.5 = Sim¥/h
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There are differences between the measured and calculated airflows rates.
However, the differences between the calculated and Fhe-measured supply
airflow rates are actually smaller than the n?mbers'tndtcace due.to air
leakage from the supply duct, which was-pr?551ble to quantify and
to complety eliminate with the available facilities. That fact was
checked in two of the situations listed in Table l.. For these 2_tests.
the airflow rate was calculated from the conce?tratlon produce? in the
supply duct by the tracer-gas released, according to the equation (5):

¥ mle (s)
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The airflows calculated from equation (5), shown as a footnote in Table 1,
are closer'to those calculated by the numerical procedure, confirming that
in fact air leakage cccurs in the duct length between the measuring nozzle
and the diffusers in the rooms (= 12 m). 1In all the other cases, the
concentration of tracer-gas in the supply air was higher then the maximum
measurable by the detector, and, therfore, the method could not be used
for verification: However,the indication from these two tests seem to be

'quite conclusive.

Table I also shows that there is no influence of the tracer-gas flowrate
upon the calculated values, volumes and air flowrates.

3.2.2. Two-zones

In all the 2 room studies, the total airflow supplied to both compartments
was constant. Four tests were run: one with the door between rooms
closed; another with that door completely opeyf; and the remaining two

with the door partially open, in two different intermediate positions.

The tracer-gas flowrate was also held constant.

A sample-run of this procedure is shown in detail in Fig. 3, where plots
a) and b) show the pulse and decay of COy in both compartments during the
release of the tracer-gas in compartments 1 and 2, respectively. Plot ¢)
shows the measured and calculated air flowrates and effective volumes.

Fig. 4 shows the results of all four tests. It can be seen that the
calculated effective volumes of both compartments are quite reasonabble
and, in all cases, the calculated total supply airflow is almost constant.
Moreover, the relative magnitudes of all flowrates are in agreement with
the airflow resistentes between the rooms: as the door between both
compartments is more and more open, the airflowsbetween the two rooms

also increases.

4, Conclusions
sure us1ons

A simple experimental method for simultaneously calculating the effective
volumes of rooms and the airflow. rates between them and with outdoors
has been shown to be feasible whenever steady-state conditions exist.

The method was implemented with a single tracer-gas and its validity was
experimentally verified under laboratory conditions and shown to yield
satisfactory results.

Further research is now needed to attempt the method's verification in
real buildings, under conditions which may not be as steady as in the
laboratory.
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Fig. 2 - Tracer-gas concentration
profile for the single
zone experimnent.
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Fig. 3 — Experimental and calculated values and tracer-gas concentration



