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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The aim of ventilation is to maintain a proper hygienic status of the room by introducing outdoor air into
a room, diluting contaminants, heat, moisture or odour generated in the room, and evacuating them.
In terms of energy savings, it is also important to keep the ventilation at the required rate, in order to
reduce heat loss and heat gain under air conditioning as much as possible. Measurement of airflow rates
is often necessary, for example to check if the performance of a ventilation system is as intended, to
assess the source strength of contaminants, to ensure that contaminants are properly eliminated, etc.
The methods described here can be used to measure the ventilation rate or the specific airflow rate.

© IS0 2012 - All rights reserved v
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INTERNATIONAL STANDARD ISO 12569:2012(E)

Thermal performance of buildings and materials —
Determination of specific airflow rate in buildings —
Tracer gas dilution method

1 Scope

This|International Standard establishes an engineering standard by which to obtain the ventilation
rate/|specific airflow rate, using a tracer gas in a building space, which is considered to be of 4 single zone.

The measurement method is valid in spaces where the combined conditions concéning th¢ uniformity
of trgcer gas concentration, measurement of the exhaust gas concentration, effective mixed zone and/or
fluctpation of ventilation are satisfied.

This[[International Standard provides three measurement methods usinga-tracer gas: (1) cqncentration
decay method, (2) continuous dose method, and (3) constant concentration method.

NOTH Specific measurement conditions are given in Table 1.

2 Terms and definitions

For the purposes of this document, the following terms.and definitions apply.

21
single zone
%4
spacg where the ventilation rate/specific airflow rate is measured and which only exichanges air
with[the outside

NOTHE1 Measured in cubic metres.

NOTH 2  Conditions needed for.measurement are different for each measurement method, anjd details are
given| in Clause 4.

2.2
effeqtive mixed zone

Vemz
space within a.single zone, excluding sealed furniture or storage space, in which tracer gag supplied to

the zpne is regarded as uniformly distributed

NOTH 1.7\ Measured in cubic metres.

NOTE 2  Forced mixing of air in the zone is often needed to keep uniform tracer gas concentration.

2.3
ventilation rate

Qv

total volume of air passing through the zone to the outdoor air per unit of time
NOTE Measured in m3/s or m3/h.

2.4

specific airflow rate

N

ratio of the Qv to the volume of the effective mixed zone, per second or per hour

© IS0 2012 - All rights reserved 1
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building envelope
boundary or barrier separating the interior volume of a building from the outside environment

2.6
tracer gas

gas that can be mixed with air and measured in very small concentration in order to study airflow rate

NOTE

room air is mixed well, the room temperature approximately matches the exhaust temperature.

2.7

The tracer gas volume is defined as the value of exhaust temperature converted into density. When the

concentrat
method by W
after the en

2.8
continuous|
method by
generation (

29

constant cd
method by y
concentrati

3 Measu

3.1 Gene

One of the

constant col
of a measur
measureme
of up to sevj
longer meag
measured b

In ordertoi
necessary t
methods. In
in the effecf
mixing of in

on decay method
Fhich the specificairflow rate is obtained from the decaying curve of concentration-0bsg
| of the injection of tracer gas.

dose method

rved

which the ventilation rate is obtained from the concentration resulting from continjuous

r injection of the tracer gas

ncentration method
Vhich the ventilation rate is obtained from the injection rate.of tracer gas dosed for con
n in the space

rement method and its selection

ral

three measurement methods concentration decay method, continuous dose method
hcentration method, is used to measure the ventilation rate/specific airflow rate. Sele

stant

and
ction

ement method and data processing depends on a building structure, ventilation systemp and

nt instrument employed. Thexconcentration decay method has a limited measurement
eral hours while the continuous dose and constant concentration methods can provj
urement time up to several weeks. The guideline of selection of the method and wk
y the method is listedin-Table 1.

mprove the accuracy of measuring the ventilation rate/specific airflow rate, it is somet
b devise measupes that approximate prerequisite conditions demanded of measure
particular,iffa measurement method were used that requires uniformity of concentr
ive mixedyzone, it would be preferable to forcibly mix the internal air. In general, fd
ternalsair has little effect on ventilation rate/specific airflow rate, but there is a risk

forced mixing affects the measured ventilation rate if natural ventilation due to temperature differg

predominat

pS-and the temperature within the room is distributed significantly, or if airflow em|

time
ide a
1at is

imes
ment
htion
rced

that
nces
itted

from a fan f

or the purpose of mixing air directly impinges on the leakage areas in bulldings. In

such

instances, a mixing system needs to be improved or it would be recommended to select a measurement
method that could ensure uniformity of concentration without mixing.

In Table 1, specifications for the various applications are described as follows:

“Room concentration can be maintained uniform at initial stage only” means making the

concentration in the effective mixed zone uniform by a method such as forced mixing when
supplying a tracer gas into the zone, but allowing the concentration to be distributed in principle
with the measurement.

If it is specified that “room concentration can be maintained uniform at all times”, continuous forced

mixing of air in the effective mixed zone is preferable. However, if the constant concentration method
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is used, and if concentration is controlled by injecting the tracer gas at several places and air is
sampled at several locations, it is possible to assume that concentration is uniform without mixing.

— ‘“Average exhaust concentration can be measured” may either mean instances in which concentration in
an effective mixed zone is made uniform using mixing, or instances whereby the pressure inside azone is
keptlower than the outside when using the exhaust ventilation system, or the leakage area is extremely
low so the exfiltration rate may be ignored, and exhaust pathways may be specified beforehand.

— When using measurement methods that require the “known volume of an effective mixed zone”,
the volume of the effective mixed zone can be estimated using room dimensions. However, when

using the corresponding average inverse concentration method and average concentra

a Cl V TUTTE

does not change.

rolume of an effective mixed zone is not needed.

Measurement methods that can be applied in instances where “fluctuation in ventilat
be ignored”, are designed on the assumption that the ventilation rate/specifigairflow ra

tion method,

rfimating the

ion rate can
te over time

Table 1 — Method, application and measured quantities
Application and measured-quantities
Application What is theasured
Room Room Average Known Fluctuation |Ventilation |Flexibility
Method concentra- |concen-tra- |exhaust voluine of in ventila- rate or spe- |to transient
tioncanbe |tioncanbe |concen-tra- |effective tion rate can |cific airflow |ventilation
maintained |maintained |tioncanbe [mixedzone |beignored |rate rate
uniformat |uniformat |measured
initial stage |all times
only
Concentra- | 2-point e
i Specific air-
tion decay |decay o flow rate A
methpd method
Multi-
point S o Specific air-
decay flow rate
method
Step-
down
exhaust - o o Specific air-
concen- flow rate
tration
method
Pulse Ventilation
o o
method rate
NOTE In'‘addition to the measurement methods above, there is an intermittent dose method that allows themeasurement
the vplume of an effective mixed zone and ventilation rate at the same time. For measurement of ventilation rpte among the
otherlmeasurements, if volume of an effective mixed zone is known, the ventilation rate can be obtained by multiplying the

maintained at a constant level.

volume of the effective mixed zone by the specific airflow rate, and then converting to ventilation rate. The measurement
methods marked with “A” in the “flexibility to transient ventilation rate” column can apply, in principle, to the case where
changes in ventilation rate/specific airflow rate cannot be ignored, however, because the measurement is based on time-
mean ventilation rate/specific airflow rate, it indicates that it does not meet the measurement of transient ventilation
rate/specific airflow rate. The constant concentration methods marked with “0” indicate it meets measurement of transient
ventilation rate if the dose of the tracer gas responds accurately to the transient ventilation rate with internal concentration
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Table 1 (continued)

Application and measured quantities
Application What is measured
Room Room Average Known Fluctuation |Ventilation |Flexibility
Method concentra- |concen-tra- |exhaust volume of in ventila- rate or spe- |[to transient
tion canbe |tioncanbe |concen-tra- |effective tion rate can |cific airflow |ventilation
maintained |maintained |tioncanbe |mixedzone |beignored |rate rate
uniformat |uniformat |measured
initial stage |[all times
only
Continu- |Apet
ous dose |age of
method iffverse o o Ventilation A
cdncen- rate
trjation
nlethod
Ayerage
concen- o o ° Ventilation
tifation rate
nlethod
Station-
ary _
cncen- o S Ventilation
: rate
tijation
nlethod
Constant condentra- o Ventilation °
tion method rate
NOTE Inaddition to the measurement methods above, there is an intermittent dose method that allows the measurgment
the volume offan effective mixed zone and ventilation rate at the same time. For measurement of ventilation rate amorg the
other measur¢ments, if volume of an effective mixed zone is knowm, the ventilation rate can be obtained by multiplying the
volume of the|effective mixed zone by the specific airflow rat€j and then converting to ventilation rate. The measurgment
methods marked with “A” in the “flexibility to transient ventilation rate” column can apply, in principle, to the case Where
changes in veptilation rate/specific airflow rate cannot He'ignored, however, because the measurement is based on ftime-
mean ventilaffion rate/specific airflow rate, it indicates* that it does not meet the measurement of transient ventilation
rate/specific 4irflow rate. The constant concentrationrmethods marked with “0” indicate it meets measurement of traysient
ventilation rate if the dose of the tracer gas responds‘accurately to the transient ventilation rate with internal concentrjation
maintained at{a constant level.

3.2 Concf

3.2.1 Gen

At the start]
rate/specifi
the forced 1
the measury

entration decay method

eral

htion
se of
ired,
" one
r the

of measurement, the tracer gas is supplied in the zone to be measured, and ventil
C airflow\rate is evaluated based on the concentration decay data obtained. In ca
hixing>for uniform distribution or if the average exhaust concentration can be meas
Pment point can be limited to one. The amount of tracer gas needed is very small fo

hi ~an meacura thao amannt af iniactoad ag1a¢ aveant £
oo S 1t

e

measureme

dit ic naot roauirad ta aconrataly
S HeFegiirea+toaccdater

TC; ot cIre—or ToUTc O e ete O oo e TpT T

pulse method.

The basic equation that can be commonly applied to the methods is as follows:

dv
gas

dt

(t)

where

-C(O)ev(t) (m3/h or m3/s)
(1
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t is time, hours or seconds;

Veas(t) s total volume of tracer gasin azone at time “t” (= [fly C(x,t)dV) (m®);

X is location in a zone;
C(x, t) isconcentration at “t”, “x” in a zone (m3/m3);
Qv(t)  isventilation rate at “t” (m3/h);

Ce(t) is average exhaust concentration at “t” (m3/m3).

NOTH Formula (1) assumes that indoor-outdoor air density difference, mostly resulting-from|temperature
diffeffence can be neglected.

3.2.2 2-point decay method

With|the concentration in an effective mixed zone continuously made uniform, the time-medn air charge
rate |s calculated from the measurement start point to the end point. Itfisjnot necessary forf the specific
airflpw rate to be constant during measuring.

The following equation is established from the above conditions:

Vgas )= Vemz 'C(t)

Az ()=C(®) (2)
where
(N3] is concentration in an effectiyevmixed zone (uniform distribution) at t (m3/m3|);
%
Yemz is volume of an effective.mixed zone (no time changes are assumed) [= [[fy c(x, *)dV / CE(t)]
(m3).

Formula (1) and Formula (2)\ptrovide Formula (3) to give Formula (4).

dc Qlt
| RCPIOR ©
n C(t) 1 gz
4 1 t(¢1)
=—doga 4)
% C(e2)
wheie
t is time (t1: Measurement start point, t2: Measurement end point) (h);

(o)

_ 1
N is time-mean specific airflow rate (=——*2—24r) (1/h).
t27¢t1 1 Vemz

Based on the measured concentration data of two different time points, the time-mean specific airflow
rateis calculated for that period. During the measurement period the concentration in the effective mixed
zone must be uniformly maintained. It is necessary for the accurate measuring of specific airflow rate
that the difference in concentration between the measurement start point and end point be sufficiently
greater than the concentration measurement error.

© IS0 2012 - All rights reserved 5
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3.2.3 Multipoint decay method

Specific airflow rate is calculated when the concentration distribution in an effective mixed zone is
maintained uniform and the ventilation rate does not fluctuate over time.

Formula (5) is obtained when the ventilation rate in Formula (3) is made constant and the equation
is transformed.

logec(t)=logec(n)""(t‘tl) (5)

where N is specific airflow rate (h).

Specific airflow rate is calculated by applying the measured data of concentration using the least square
method to g straight line shown in Formula (5). The precondition that specific airflow rate_does not
fluctuate ovier time is confirmed when log.C(t) is plotted against t and there is a linearyrelationship.
Lack of a linjear relationship indicates that ventilation rate is not constant, so the specific¢ airflow rate
obtained using this method is not the time-mean specific airflow rate. In this instance)the 2-point decay
method shonld be applied.

3.2.4 Step-down exhaust concentration method

The specifi¢ airflow rate is calculated when the average exhaust concentration is measurablg, the
distribution| of the concentration in an effective mixed zone at the m€astirement start point is uniform,
and the venftilation rate does not fluctuate over time. It can alsothe applied when the concentrption
is distributed after the start of measuring. Simultaneous medsurement with the mean age df air
distribution|is possible.

When time {s integrated up to oo by making constant the-entilation rate in Formula (1), Formula [6) is
obtained

1® dy E)=Qv]® cplt)dt 6
t1 gas( ) t1 E( ) ( )
If the concenjtration in an effective mixed zone'is made uniform at the measurement start point, the requltis

Vgas(fl): VemZ'C(tl)

and after sufficient time has elapsed the result is
Vgas (oo) 40

which provides Formula (7).

c(ds)
[* cplede
tlcE /
Thatis, the reciprocal value to the mean local age of air in the exhaust outlet becomes the specific airflow
rate in the room. In the event of multiple exhaust outlets, the average exhaust concentration weighted
depending on the exhaust airflow rate at each exhaust outlet is used.

(7)

NOTE Refer to Annex F if the difference between the exhaust temperature and room temperature cannot be
ignored.

3.2.5 Pulse method
Theventilationrateis calculated when the average exhaust concentration is measurable and the ventilation

rate does not fluctuate over time. The tracer gas volume supplied at the measurement start point needs to
be accurately evaluated, but the concentration distribution in a zone does not need to be uniform.

6 © IS0 2012 - All rights reserved
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In this instance, in Formula (6), Vgas(t1) is already known, and after sufficient time has elapsed, the resultis

Vgas (oo) =0

which provides Formula (8).

Qv=

Vgas(tl)
I:CE(t)dt

(8)

where Vgas (t) istracer gas volume (=supplied tracer gas volume) retained in the room at the measurement

start

NOTH

3.3

3.3.1
With|

amoynt of the dosage and concentration measurement data. If a nieasurement method t

unifd
used
of th

extends, however, the method can be applied to measurement that extends for a long time.

fian + . (020
CITIIIC bl \_lll )-

For the tracer gas volume, a value of exhaust temperature converted into density issused,

Continuous dose method

General

the tracer gas being supplied continuously in the zone, the ventilation rate is meas

rmly distributed concentration throughout the effective mi%ed zone with the tracer ga
it normally requires multiple concentration monitoring-peints to verify the uniform
e concentration. The amount of the tracer gas supplied increases as the measur

ured by the
nat requires
s supplied is
distribution
ement time
The passive

meagurement that uses carbon dioxide generated by exhalation of residents as the tracer gag, is also one
of the continuous concentration methods.
The basic equation that can be commonly appliéd‘to the methods is as follows:

dV a5 ()

+HEE— () - cg)eve) 9)

dt

wherte m(t) is dosage of tracer,gas at “t” (m3/h).
3.3.1 Average inverse concentration method
The fime-mean specificZajirflow rate is calculated from the start to the end of measuring, where the
concentration distribGtjen in an effective mixed zone is maintained uniform. It is not necegsary for the
ventilationratetobgconstantduringmeasuring, buttheinstantaneous concentrationduringmgasurement,
the instantaneous‘dosage of tracer gas, and the volume of the effective mixed zone are required.
The following.€quation is established based on the assumed conditions.

A v ) "

CE(L‘) =C (t)
where

C(t) is concentration in an effective mixed zone (uniform distribution) at t (m3/m3);

Vemz is volume of an effective mixed zone (m3).
Formula (9) and Formula (10) provide Formula (11), which gives Formula (12).

dc mi\t
Vemzjtzjtz( )dtJfZQv(f)dt (11)
refe) ()

© IS0 2012 - All rights reserved 7
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— c
QV|:E:|+ Vems loge (tl) (12)
cl e cc(ea)

where

t is time (t1: Measurement start point, t2: Measurement end point) (h);

_ 1

Qv is time-mean specific airflow rate (= jtZQv(t)dt) (m3/h);

t2—t1 t1
m\t
{ﬂ} - [t2 ( )dt (m3/h).
cl ta1e1 81 C(t)

(m/c) isin general different to (;z/E) . When the tracer gas dose during measuring is gonstant and|is m,
(m/c) is repglaced by m(1/c¢). When there is sufficient measuring time, the effect of'thé second term on
the right side in Formula (12) is diminished, so in such circumstance this method.may be applied also to

instances

w
zone. Imijately after the start of tracer gas dosing, the concentration is generally small, which {
ong effect of delaying the response to the concentration medsurement system includinig the

to have a st
sampling sy
be used for

3.3.3 Avel

The ventilat|
mixed zone

stem, and causing errors in the measured concentration yalue, so at this point data mug
falculating the ventilation rate.

fage concentration method

jon rate that does not fluctuate over time whemithe concentration distribution in an effej
has been made constantly uniform is calculated. When there is sufficient measuring

calculation
the measuri

Once Formu|

.

g.

(10) is supposed for Formula (9)integration in the measuring time provides Formula

ere sufficient accuracy is not obtained for estimation of the volume of the effective mixed

ends

tnot

ctive
fime,

s possible using only the time-mean tracer gas dose and time-mean concentration dyiring

(13).

(13)

(14)

2¢ dt=1"2m(t)de - “2ac
Itl (t)Q t) ¢ ftlm(t) t Vemzjtl
If Qy(f) = Q, without the ventilation'rate changing over time, Formula (14) is obtained.
Q=£— Vimz C(tZ):C(Cl)
C 1 ¢t1 G
where
- 1
m=——{Zh(c)ar (m3/h);
t27t1 1
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12¢(¢)ae (m3/m3).

t2-¢1 t1

C=

When there is sufficient measuring time, the effect of the second term in Formula (14) is relatively minor

and can be ignored. However, in the event that the ventilation rate changes over time, if the
theorem in Formula (13) were applied, Formula (15) would be obtained.

c(e2)-¢(e1) e <E<t
The { } é

c
but it does not end up as the time-mean ventilation rate. The ventilation rate obtained fromH
is sujtable in cases where the purpose is to simulate generation of the contaminating.subs
roon} using tracer gas dosing, and estimate the time-mean concentration to which“the i
exposed. Therefore, when it is possible to measure the instantaneous concentration and in
dosape of tracer gas for the purpose of measuring the mean ventilation rate,the’inverse cc
metHod should be used.

Vemz

ol5)-2-

t27t1

3.3.4 Stationary concentration method

The yentilation rate is calculated when the ventilation rate does ngtfluctuate over time, unde
in which the average exhaust concentration is measurable. Itan‘also be applied when cond

mean value

(15)

| measuring,
ormula (15)
tance in the
nhabitant is
stantaneous
ncentration

r conditions
entration in

a zorle is distributed.
Formula (16)is obtained whenastationary stateisreachedand thereare no temporal changesinFormula (9).
m
dom (16)
Cg
whertte
m is tracer gas dose (m3/h);
[E  is average exhaust concentration (m3/m3);
That]is, the ventilation rate\s obtained by dividing the constant concentration by the tracer gas dose.
3.4 | Constant concentration method
In orjder to makerthe concentration in an effective zone regularly constant at targeted valug, the tracer
gas dose shouldbe controlled and the ventilation rate evaluated from the dosage of tracer ga§. Even when

the internaliair is not uniformly mixed, by establishing multiple tracer gas dose points an
points,itiis possible to make the concentration distribution uniform. Special equipment is
controlthe tracer gas dose

$

measuring
ecessary to

The basic equation to be applied is as follows (background concentration has been set at 0 for ease of

understanding).

0= dVgas(t)

dt =m(t)_ctargetQ(t)

where

© IS0 2012 - All rights reserved
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Crarget  is target concentration for constant concentration method (m3/m3);
Qv(t)  isventilation rate at time t (m3/h);

m(t) is tracer gas dose at time t (m3/h);

Accordingly, ventilation rate is calculated using the following equation,

o(t)- () (18)

Ctarget

3.5 Type|of tracer gas

Six types of tracer gas as listed in Table 2 are used to measure the ventilation rate in a zofie.

Table 2 — Types of tracer gas

. _— Sulfur hexafluor-| Perfluoro Nitrogen rhon-
b
Type of gag Helium 2 Carbon dioxide ide c carbon d Ethylene ¢ oxide
. CF4(PFC-14)
Cheml:c:ill He CO, b SFg ¢ CoHy N20
Symbo. C2F6(PEG:16)
Infra- Inf d Infrared gas
Measurement red gas nirare absorption Infrared gas
GC-TCD GC-ECD |gasabsorp-| GC GC-ECD hid
method absorp- . & FID absorptipn
. tion
tion & GC
Example of
lower limit 300 x10-6 | 1x10-6 | 70 x 10-6 0,001 x-1076 — 0,1 x10-6 0,1 x 10p6
detection
Permissiblg — 5000 x 106 1/000 x 10-6 — — 25 x 1016
concentratign
Relative denj- Example,
sity agains 0,138 1,545 5,302 PFC-14: 3,06 0,974 1,53
air [] PFC-16: 4,80
Global warnp- Example,
ing potentigl — 1 23900 PFC-14: 6 500 — 310
(GWP) PFC-16: 9 200

NOTE 1 In addition to those gaSes-above, nitrogen, carbon monoxide, ethane, methane, isobutene, cyclobutanoctoflugride,
Bromomethanetrifluoride, dichlerodifluoridemethane, and dichlorotetrafluoridemethane can be also used as tracer gas.

NOTE 2 The fiC in the tabl€ indicates general Gas Chromatography, the GC-TCD is the gas chromatography using Th¢rmal
Conductivity Detector.and’GC-ECD using Electron Capture Detector.

NOTE 3 The (ilobdl Warming Potential is defined as relative green house effect potential per weight against carbon digxide.

NOTE 4 Infrdredgas absorption includes both TS (transmission spectroscopy) and PAS (photoacoustic spectroscopy).

a  Helium is chemically stable.

b CO; is dissolved in water and can be adsorbed with building materials or furniture, and is not suited for precise
measurement. However, if the measurement does notrequire critical accuracy, COz is often used. CO generated by occupants
or any other internal source shall be taken into account. If this CO; emission rate is not known, this tracer cannot be used.

¢ SFehasalarge global warming potential and should not be used in alarge amount. SF¢ is an inactive gas. If it is heated to
500 °C it generates toxic gases. Therefore, it should not be used in a space where a fan heater is used and SF¢ flows through
the heat source.

d  PFC has alarge Global Warming Potential and should not be used in large amounts.
e Ethylene is flammable and should be handled with a great care.

f N0 has a large Global Warming Potential and should not be used in large amounts. N0 is dissolved in water, and
reacts with aluminium. It ignites at a high temperature. Great care must be exercised not to use it over its permissible
concentration as it affects health.
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Measurement instruments required are listed in Table 3 in accordance with the group of measurement
methods listed in Table 1. Each apparatus is defined as a means of dosing and distributing the tracer gas,
collecting air samples, serving as an analyser to measure gas concentration, and other measurement devices.

Table 3 — Group of measurement methods and measurement instruments

Measurement instrument

Measurement method Tracer gas Tracer gas Tracer gas Tracer gas Dther equip-
Lo concentration
generator distributor collector . ment
instrument
Cylinder and |Blower for Manual Gas con¢centra- |Rleader or
. valve with flow | mixture suction and tion.detector or |recorder
2-point decay
meter a bag made of gas concentra-
method L )
polyvinylidene ftion'analyzer
fluoride
Cylinder and |Blower for Teflon tube Concentration 2fpoint decay
Lo valve with flow | mixture or and gas suc- analyser njethod
Céncen- Multi-point decay a ive for di .
( method meter pipe for dis-  |tion.pump
tratipn decay tribution and
meethod duct mesh
Step-down method |Cylinderand |Blower for Teflon tube Concentration Recorder and
at exhaust concen- |valve with flow | mixture f and gas suc- analyser PC
tration meter 2 tion pump
Container of Notrequired |Teflon tube Gas concentra-  |Rlecorder and
Pulse method known vol- and gas suc- tion analyser PC
ume ¢ tion pump
Average of inverse |Precision flow™ | Blower for Teflon tube Concentration Recorder and
concentration meter systém | mixture and gas suc- analyser pPC
method and eylinder b tion pump
a. Active |Precision flow |Blower for Teflon tube Concentration Rlecorder and
Average |method qmetersystem |mixture and gassuc-  |analyser PC
Conkinuous | concen- and cylinder b tion pump
dosgmethod | tration |}, pas.) |Specificgen- |N.A. Specific sam- |Concentration  |N.A.
method |gjGe erator (doser) d pler g analyser
method
. Precision flow |Notrequired |Teflon tube Concentration Rlecorder and
Statienary concen-
: meter system and gas suc- analyser PC
tration method ; .
and cylinder tion pump
Cylinder with |Blower for Teflon tube Concentration Plrocess con-
Copstantconcentration method |feedback mixture and gas suc- analyser troller
control € tion pump

the zone.

a [n(lnding afloat type flow meter

¢ Ex: graduated syringe or mass flow meter with timing controller.

f Mixing is needed only at the initial stage of the measurement.

& Activated carbon tubes adsorb evaporated carbon hydride.

d Including aluminium tube of finger size for dosing carbon hydride by evaporating it gradually.

b Including valve with accurate orifice flow meter or electronic mass-flow controller. Generally, the cylinder should have a
pressure of 1 MPa, and capacity of 10 1to 15 I and a weight of between 5 kg and 10 kg.

e Doser of compressed tracer gas, having a combination of a flow meter and feedback control system for concentration in

© IS0 2012 - All rights reserved
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3.6.2 Tracer gas dosing device

3.6.2.1 General

The dosing rate must be accurately measured. Table 3 outlines the combinations, but a suitable volume
should be chosen in accordance with each test method in Table 1 and the tracer gas used in Table 2.
When the gas flow rate is measured, the temperature is simultaneously measured for the gas mass flow
rate estimation. A valve with a heater attached should be prepared to prevent cooling and freezing at the
valve in case a large volume of carbon dioxide etc. is emitted.

The following measures are needed for promoting a uniform mixing.

3.6.2.2 Fa

Fans for pr
temperaturg

3.6.2.3 Sy

Pipingand dj

3.6.3 Trad

3.6.3.1 Materials for sampling apparatus

Materials uf
absorbent, 1

are preferabjle. Metal foil is suitable for flexible containers@ther permissible materialsare polypropy

polyethylen
on the tracej
injecting thd

3.6.3.2 Po

This includd
times the m
made airtig]

3.6.3.3 Sampling network for on-site analysis

Thetubenet
switch, and
sample air i

n for mixing

operly mixing inside a testing zone are needed. However, this is not desirable \

nchronous emission of tracer gas

ict system etc. for distribution/emission by branched piping when multiple outlets are prep

fer gas sampling apparatus

ed for the tracer gas sampling system, which ate mainly piping and tubes, shall be
on-reactive, and non-diffusive to the tracer gas.in use. Glass, copper, and stainless stee

e, and polyamide. Fluorine-coated tubing, so-called Teflon tubing, is often used. Depe]
r gas, materials to avoid include soft plastics. Tubes (especially plastic tubes) used ong
 pure tracer should never be used.forair sampling.

rtable sampler

s gas tight syringes, flexible bottles, and sample packs having the capacity of at least {
nimum air concentration sample in the gas analyser. The portable sampler must have
1t so that the sample-air is not diluted or does not become contaminated.

work comiprises manifold for directing multiple sample pipestothe gasanalyser,a changg
h pump:that leads to the analyser, but normally it is integrated and programmed so th4
b suctioned at determined time intervals, and directly connected to the gas analyser.

e layers exist in the zone that would affect the ventilation rate and specificiairflow ratg.

when

ared.

non-
1 etc.
lene,
1ding
e for

hree
been

over
t the

3.6.4 Gas

analyser

The gas analyser must be suitable for the tracer gas and supposed concentrations. The analyser must
also be strictly calibrated and kept within a measuring error of + 5 %. If there is a concern about analyser
drift, the analyser should be calibrated at the beginning and end of the test. The advantage of a gas
analyser is the possibility of measuring continuous real time indoor contaminants, e.g. CO2, TVOC, CO,

Formaldehy

12

de.
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4 Procedure

4.1

Building preparations

The measurement method in this International Standard deals with the single zone ventilation
measurement. In case the zone needs uniform concentration with multiple rooms, all internal doors
in the rooms may be open and an appropriate mixing device may used, in order to achieve the uniform
concentration in the rooms.

If measuring were to be performed on a single room within the building, even if internal doors and doors

leadi

ng to an adjacent room were intentionally sealed so that there may be no leakage from

an adjacent

roony, in many instances air would pass into an adjacent room via leakage areas in the ceili
be diffficult to limit it to just the target room.

4.2

In ad
conn|
wind
port
size

dime

4.3

4.3.1
In 4.

4.3.1

With|
basis

whet|

Ancillary measurements

|dition to the zone subject to ventilation measurement, the air temperature of adj4
ected by openings, cracks, ductsand pitsismeasured and recorded. Datajon external airt
speed, and wind direction are collected using the nearest meteorological observatid
hble weather observation apparatus. The building ventilation system operating condi
bf envelope openings are measured. If the measurement method requires the volume
nsions of the zone must be measured.

Concentration decay method

Calculation of 2-point and multi-point methods

B.1.1 and 4.3.1.2 the calculation of the 2-point'and multi-point method are described.

.1 2-point decay method

the measurement of room concentration at two points, the average specific airflow rg
is given from Formula (19).

1 C(t1)
= log

(1/h)

is‘mean time specific airflow rate (1/h or 1/s);

[(t1) is room concentration at “t1” (m3/m3);

ng so it may

icent rooms
bmperature,
n station or
tion and the
bf Vemz, the

te on a time

(19)

C(t2) is room concentration at “t2” (m3/m3);

t1 is start point of measurement (h);

t2 is end point of measurement (h).

4.3.1.2 Multi-point concentration decay method

The multiple-point concentration decay method can be used when the gas concentration decay process
can be measured multiple times at intervals ranging from several minutes to around one hour. The least

© ISO
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square method is applied to the gas concentration when at least three points are measured, and the
predicted value for the specific airflow rate (N) is calculated using the following equation.

np
>t i
=1

|

N =

where

N

np np
-2 logeC(tj)—np~ by tj-logg C(t})
j=1 =1
: (20)
np 5, (np
np : Z tj —( Z t]]

=1 =1

is the estimated specific airflow rate;

4
Ct)

Ny

By using pe
of measured
airflow rate
in Annex E,

4.3.2 Pro¢

In each met]
high in the 7

Step 1: Mix
concentrat

Step 2: Obt

Step 3: Obtg
sample is re

Step 4: Obta

This test md
upper meas
gas is suppli
initial conce
centre, in ad
then sample

i
ln first sample data of decaying samples.

is the j-th elapsed time from the decay process starting t1 = 0;
is the measured gas concentration at time (tj);

is the total number of measured elapsed time points (np is > 3).

Fiod T, where multiple measured elapsed points can be obtained;and nyp, the total nupnber
elapsed time points, the measurement errors that cause an estimated error in the spgcific
N can be minimized. This can be realized if we take the product NTy, from the curve shown
iwhere Ty, is an optimum period realizing minimized errorof N.

redure of 2-point and multi-point methods
nod, the decaying process of gas concentration isumeasured after the initial concentratjon is
one being measured, with the following steps:

the tracer gas after it is dosed or released and distributed, and check the uniformity of
n in the space with obtained samples 6£initial condition.

in second sample data of thé.decaying process for 2-point method. At least one additjional

quired for multi-point method.

n the last sample of thedecaying process to check the uniformity of concentration in the gone.

p the
racer
fthe
h the
re is

thod is outlined-inFigure 1. To make the initial concentration at step 1 that is close t
irable limit of(fthe gas concentration analyser, a sufficient and necessary amount of t
ed into the Zane. The tracer gas within the zone is then mixed. To confirm uniformity ¢
ntrationysamples of air are taken from at least two points (three in total) away fron
|dition<to the centre of the zone, and the sampling time is recorded. Air from the cen
d twoctimes and the sampling times are recorded.

The exhausttat

AIF
T

on.

14
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a Y
«/
5
- /\760&»
6——————H— g
| X
!
— Y o?
/ 3 4
5 =]
1
X
Key
1 tracer gas a  stepd
2 data gathering, gas dose/air collection control b step2
3  das dose apparatus c.~Step 3
4  das concentration measuring instrument d "~ step4
5 1nixing fan X elapsed time concentration measuring by sampling
pouch, etc.

6  dhecking of spatial distribution Y concentration

Figure 1 — Overview of tracer gas decay method

4.3.3 Calculation of step-down exhaust concentration method and pulse method

In 4.8.3.1 and 4.3.3.2-th€ calculation of the step-down exhaust concentration method and the pulse
metHod is described

4.3.3.1 Step-down exhaust concentration method

The gpecgificairflow rate is calculated from Formula (21) from the uniform distributed condentration of
point at-start of measuring and the exhaust ventilation concentration data.

c(t1)
_ 21
J;iCE (t)dt (21)
ole,)

a

chE(t)dtzIttlzcE(t)dH (22)

tog £ (£) = tog € (¢2) ~a(t —2) (23)

where
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is specific airflow rate (1/h);
Ce(®)
C(t1)

t1

is exhaust concentration at “t” (m3/m3);

is the uniform distributed concentration at start point (m3/m3);
is start time of measuring (h);

t

is the end time of measurement (h);

the estimated value related concentration decaying after ¢ (1/h).

To calculate
time points
ventilation

Formula (22

interpolation of semi-log curve fitting with the measured data that decays stably and lineatly along time

4.3.3.2 Py

the right denominator in Formula (21), the changes in concentration among the measure
s approximated by linear fit. Practically it is difficult to conduct measuring untilthe exl
roncentration has sufficiently lowered. Therefore, Formula (21) may be approximatg
). The estimated coefficient a of concentration decay is calculated by Formdla-(23) usin|

Ise method

ment
haust
d by
o the
axis.

The ventilat O the

room and th

ion rate is calculated from Formula (24) from the tracer gas,velume dosed initially t
e exhaust ventilation concentration data.

Vga

(24)

is time (h);
t1

Qv
Vgas(t1)
Cg(?)

is point at start of measuring (h);

is ventilation rate (m3/h);

is tracer gas volume supplied to room at start of measuring (m3/h);
is exhaust ventilatignyconcentration (m3/m3).

pints
htion

ed to
then

To calculate|the denominator in Formula (24), the changes in concentration among the measured p
are approximated usinglinear fit. When it is difficult to conduct measuring until the exhaust ventil
concentratign has sufficiently lowered, and the changes in concentration after time t; are regard
be approxinpated.ifi;Formula (22) as per the step-down method at exhaust concentration method,
the denominatet in Formula (24) may be calculated from Formula (23).

4.3.4 Procedure of the step-down exhaust concentration method and pulse method

For the step-down discharge method, after the initial concentration is increased high, measure
the decaying process of concentration continuously for a long time until the concentration becomes
almost the same as the atmosphere. For the pulse method, just before the gas is dosed into the zone
in a transient time, start measuring the accurate amount of injected gas, increased concentration by
dosing, and discharged amount of the gas over the decaying process continuously for a long time until
the concentration is deemed to be the same as atmosphere. Each method requires continuous time
integration of the change in concentration. In the event that discrete gas concentration can only be
measured, the time interval of the measurement must be good enough, e.g. one minute.

Both of these are restricted in application to zones with mechanical exhaust equipment, so for measuring
ventilation, the exhaust concentration needs to be measured continuously over a long period. Figures 2
and 3 outline the measuring methods. Conditions in which the ventilation rate does not change over a
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long period of time are also needed. If there are multiple exhaust outlets, the airflow wei

ghted mean

exhaust concentration for these must be calculated. Airflow at each outlet is unknown, so to enable
measurement of this airflow weighted mean exhaust concentration, it is sometimes possible to measure
the concentration after a mixing point where these multiple exhaust outlets have merged into one

exhaust duct.

These measurement methods require uniformity of room concentration at the initial stage. Here,
instancesin whichthe mean exhaustconcentrationis measurable without makingthe room concentration

uniform are those in which mechanical ventilation is performed using an exhaust fan, and

the internal

room pressure becomes negative in relation to the pressure outside. Thus leakages may be ignored, or

instances in which the mechanical exhaust volume is known beforehand are to be consider

ably greater

than[the extiltration rate, and the errect ol the leakage may be ignored.

Howegver, caution should be exercised if artificial mixing is not performed. For example, if|
outldt is in the upper part of the zone and the external air supply is in the lower-part, ca
displlacement flow effect, the decay of the exhaust concentration may initially be(slew and {
rapid from when the gas in the zone is replaced by fresh outside air. Therefore,major erro
if th¢ decay from the initial effective period to thereafter is estimated without measui
concentration over a sufficiently long period.

the exhaust
1sing a near
hen become
I's can occur
'ing the gas
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a
/
[
N — — — — — —)
M= 5 .
| X
1
SHY
1
Key
1 tracer gas X  Elapsed time in the case of displacement ventilation,
the decay curve may suddenly change
data gathering, gas dose/air collection control Y Concentration
gas dose|apparatus a . Pransition period.
gas concentration measuring instrument b " A long time is needed until the concentration hais
sufficiently attenuated.
5  check ofuniformity of initial gas concentration ¢ Inthe case of displacement ventilation, the decgy
distribution curve may suddenly change.
6  other exhaust must not exist d  After confirmation of uniformity of room
concentration distribution.
7  Airflow yeighted mean discharge doncentration
must be measured
Figure 2.4~ Overview of step-down exhaust concentration method

18 © IS0 2012 - All rights reserved


https://standardsiso.com/api/?name=1f2d5c1ca1f664e050e087b998a86d38

ISO 12569:2012(E)

7
AN —
g pla Y1
- 5
7 \N
X
Y2 |\
O ° :
a
1 [0000—{Q
X
Key
1  Tracer gas X elapsed time
2 Dbata gathering, gas dose/air collection control Y4\ gas supply
3 has dose apparatus Y2 concentration
4  (as concentration measuring instrument a  Inthe displacement ventilation, the corfcentration
decay may rapidly change.
5 [an be applied only for mechanical exhaust b Along time is needed.
6 ther exhaust must not exist ¢ Known quantity of gas is instantaneoudly released.
7  Airflow weighted mean exhaust concéntration must
e measured
Figure 3 — Overview of pulse method
Even| if, as per Figure 4, a short circuit flow occurs from the supply inlet to the exhaust dutlet, a long

enoulgh measuring period must be exercised in order to provide whole characteristics ¢f the decay

curv
the 7
atter
erroj

b. Because'there is a risk this may lead to errors, namely because under actual conditigns whereby
one targeted for measuring has become a place of stagnant ventilation, leading to delays in the
uation of exhaust concentration, and forcing the measurements to be cut off in a ljmited time,
ssoccur because attenuation thereafter is approximated using extrapolation, and als¢ the zone is

easily affected by disturbance fluctuations.
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X
Key
1  Tracer gas X  elapsed time
Data gathering, gas dose/air collection control Y concentration
Gas dosg apparatus a  Concentration at the representative point in the
zone;
4 Gas condentration measuring instrument b Exhaust concentration.
5  Short cirfuit

4.4 Continuous dose methods

4.4.1 Cald

Through thi
volume of t]
concentrati

ot

Figure 4 — Measuringerror by short circuit flow

ulation of average of inverse concentration method

s method the avérage ventilation rate is obtained from the following equation, applyir:lrgl the
racer gas dose\from the start to the end of measurement, uniformly distributed roo air
n and effective mixing zone volume.

Vemz ce 1)
Tog

(25)

t
5.t C[tz]

where
&1

62

o

20

is the time at which measurement starts (h);
is the time at which measurement ends (h);

is the mean time ventilation rate(m3/h);

m ml mk mn
—|=|—+.+—+...+—|/n
¢ €1 Cx Cn .

)

is the number of measurements;
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Vefc is the effective mixing zone volume (m3);

Cx is the k¢n measurement of room concentration (m3/h);
mg is the k¢ volume of tracer gas dose (m3/m3);

C(t1) is the room concentration at “t1” (m3/h);

C(t2) is the room concentration at “t2” (m3/h).

Data from immediately after the start of tracer gas dosing must not be used. The acquisi

mus

the tjme they had stabilized.

4.4.2 Procedure of average of inverse concentration method

In thiis method, the tracer gas is supplied usually at a constant flow rate keeping uniform
in the zone while measuring the concentration of the gas in the zone..After gas concent
stabillized, the mean time ventilation rate is obtained by the integrated-ratio of tracer gas
against gas concentration between the 2-points.

Ther]
howyq
miny

efore, it is preferable to measure both tracer gas supply rate'and gas concentration c
bver, when the measurement is carried out in discrete times, time intervals must b|
te to minimize time differential error.

In order to verify transient ventilation rate over timejatleast two ranges should be measuy

Figu
be cq
gas g
spati
conc

e 5 outlines this test method. So that the completion of the gas concentration elevation
upply rate, an apparatus is needed to ernable continuous measuring and recording. Fuj

bntration in the zone. Typically, 30.min are appropriate for measurement intervals.

The
conc
shou

racer gas flow rate must be set so that errors are within 2 % of the target concentration
entration is within a deteetable range for the gas analyser. The gas concentration wit
Id be mixed so that the gas-Concentration variation within the zone is less than 10 %.

tion of data
flow rate in
Hopted from

distribution
ration being
supply rate

pntinuously,
e about one

ed.

process can

nfirmed, and because of gas concentration.changes and the necessity of the integral valjie of a tracer

thermore, a

al multi-point measuring apparatusswould be preferable for also confirming the unifojrmity of gas

,and so that
hin the zone
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Y1

~o

Y2

1
X
Key
1 tracer gas X elapsed timé
2 data gathering, gas dose/air collection control Y1 concentration
3  gas doselapparatus Y2 gas supply
4 gas concpntration measuring instrument a  Usable.
5 mixing fan b \Récommended.
6  fluctuatipn in ventilation can be allowed
Figure 5 — Overview of average of inverse concentration method
4.4.3 Calqulation of average concentration method
The ventilation rate is calculated’by inserting into Formula (26) the mean concentration from the
measuremeht start point to the'end point and instantaneous concentration at start and end point.
m (¢,)=E
QV:$7 / efc (tz)_ (tl) (26)
C th—t1 C

where

t1 15 The measurement start point (hJ;

t2 is the measurement end point (h);

Qv is the ventilation rate (m3/h);

_ . - Foot o et

o is the mean tracer gas supply rate (m -m mk mnj (m3/h);

n
- - +...+ +...+
c is the time-mean room concentration (C _a Ck C“j (m3/m3);
n

22
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n is the number of concentration measurements;

Vemz is the effective mixing zone volume (m3);

C(t1) is the room concentration at t1 (m3/m3);

C(t2) is the room concentration at t (m3/m3);

Ck is the k¢, room concentration measured (m3/m3);

my is the tracer gas supply rate at k (m3/h).

Whe
metH
right
meet
conc

In th

whet

h using the average concentration method according to the passive method incltd
od, C(t1) and C(tz) cannot be measured, so evaluation of the order should be perfor
side of Formula (27) so that the second term on the right side of Formula (29)'may be
this demand, a sufficiently long mean time is used or the measurement stanttime is se
bntration is stabilized.

C
2_t1>>=VefC
m

C(tz )—C(tl)

b “ty > = Ve
m
is instance, Formula (28) is used to calculate the ventilation rate.
m
V ==
c
e

1 is the measurement start point (h);
2 is the measurement endpoint (h);

Dv  is the ventilation rate (m3/h);

- +...+ +...+
is the mearni-tracer gas supply rate | m= "1 mk "n | (m3/h);
h g pply
n

i i i - +.o.+0, et
iSthe time-mean room concentration [C -4 Ck C“J (m3/m3);
n

ing the PFT
med for the
ignored. To
t after room

(27)

(28)

4.4.4 Procedure of average concentration method

Follows the procedure as the average concentration method (Figure 6). While the average of inverse
concentration method bases [(m/c) m/C = average of (gas supply flow rate)/(gas concentration) in the

Formula (12), the average concentration method relies on (;/5) (m/C) as seen from Formula (14), and

averaging of gas supply rate and room concentration is made separately.
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ulation of stationary concentration method

icer gas supplied steadily to the room, this method is used to obtain the ventilation
rmula (29), applied with the average exhaust concentration obtained after the
concentrati¢on has become stationary. If the exhaust concentration is measured several timeg
bplied to the equation.

rate
foom
, the

(29)

Qv  isthe ventilation rate (m3/h);

m is the tracer gas supply rate (m3/h);

Cg isthe stationary exhaust concentration (m3/m3).

4.4.6 Procedure of stationary concentration method

This method only applies to a zone where a mechanical ventilation system is installed. The tracer gas
is supplied at a constant flow rate into the zone with the flow rate being measured. When a stationary
state has reached, the gas supply rate and stationary exhaust concentration are measured.
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An outline is shown in Figure 7. In order to measure stationary exhaust concentration accurately, the
exhaust concentration must be measured continuously over the long term. Conditions are also needed to
ensure that the ventilation rate does not change during this period. If there are multiple exhaust outlets,
such airflow weighted mean exhaust concentrations must be measured. Although the airflow at each
exhaust outlet is not known, it is possible to measure this airflow weighted mean exhaust concentration
by setting the measurement point at a position downstream from a mixing point at which these multiple
exhaust outlets have merged into one exhaust duct.

With this measurement method the room concentration does not need to be uniform. This method
can be applied if the measured exhaust concentration represents more than 90 % of exhaust air
concentration leaving from the zone. This situation is realized when exhaust only ventilation system or
balajficed ventilation system with larger airilow rate setting for exnaust ran 1s installed sothat the room
is kept negative pressure in relation to that of outside, or the zone is sufficiently airtightfpr negligible
exfilfration flow rate to the outside.

Y
AC T — Y1

A
\
4
o

-5 ‘ .
V<Aff g
X
I Y2
GOzl ‘
A
1
L
X
Key
1 fracer gas X elapsed time
2 data acquisition, gas dose/air collection control Y1 concentration
3 das supplydpparatus Y2 gas supply
4 gasconcentration measuring instrument a  transition state and not to be used
5 negligibly small exfiltration flow rate b canbe used
6 airflow weighted mean exhaust concentration must

be measured

Figure 7 — Overview of stationary concentration method

4.5 Constant concentration method

4.5.1 Calculation of constant concentration method

This method is used to obtain the transient ventilation rate using the following equation applied with the
amount of tracer gas dose and uniformly distributed concentration, which is controlled at a constant value.
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If the concentration in the zone consisting of spaces in building is kept at the same concentration, this
method allows the determination of a combined airflow rate from multiple spaces that comprise the
entire building.

ovin =28 (30)

Refer to previous equations for the meaning of the symbols.

In order to calculate accurately the instantaneous ventilation rate it is necessary for the room
v, de(t
Jefe 40 Q(t)

concentration to be constantly kept in the vicinity of the target concentration thus

Ctarget  dt

Formula (31) is used when the time-mean specific airflow rate is required.

= (31)

SHEN

where

is|the time-mean specific airflow rate (m3/h);

@ |

m =(m1+"'+mk+"'+mn)/n (m3/h);

C :(C1+...+Ck+...+cn)/n (mg/m3);

n is{the number of concentration and tracer gas@ose [ - |;

ck  is|the k¢ room concentration measured {m3/h);

my  is|the k¢, tracer gas dose measured (m3/h).

4.5.2 Pro¢edure of constant concentration method

Generally, tHe amount of the tracergasis controlled for injection to a zone consisting of two or more spaces
in such a waly that the concentratjon at each space becomes constant and uniformly distributed, and the
amount of ghs dosed is meastised. The tracer gas is mixed to keep the concentration uniform so that the
distribution|in each zone.dogs not become more than 10 %. The difference between zones should npot be
more than § %. The amatnt of air flowing from outside directly to a zone without passing through the
connecting Zone(s) canybe obtained by the amount of gas supplied and constant concentration measpired.

Figure 8 out]ines this test method. It is important that the measured concentration value that can befused
for calculating:the ventilation rate must be virtually the target concentration and stable. In other wprds,
a measured value tramsitional to thisstate must ot be used. It s atso ecessary to Comntinue measuring
up until it can be confirmed that these concentrations become constant. When temporal discrete
measurement is performed, it is necessary to conduct measurements every several minutes in each space.

When the constant concentration method is used for long-term measurements, the measurement period
is broken down into short time periods, e.g. 30 min, and the results analysed for each of those short
periods so that the trend over time of changing air change rate (or airflow rate) with weather or other
parameters may be assessed.

When the gas concentration as a controlled variable and the gas dose flow rate as the operating variable
are used for a feedback process, a control algorithm is needed to minimize deviations from the target
concentration. To make the concentration constant, an adaptive control or proportional/integral/
differential control may also be used.
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Figure 8 = Overview of constant concentration method

5 Accuracy

Based on the coneéntration of the tracer gas, the accuracy of the ventilation rate/specific pirflow rate
obtalned from thé\equations in this clause are subject to the following factors:

— Dose proeédure of the tracer gas and concentration distribution in a zone;

— Tracer gas sampling method and its storage method;

— Measurement instrument of the tracer gas concentration;
— Variation of wind, outdoor temperature, and the schedule of the HVAC system.

Errors occurring due to the above factors can be largely attributed to, a) errors in concentration
measurement, and, b) errors in non-uniform concentration distribution due to inadequate mixing of
tracer gas. The effect of errors in concentration measurement on the resulting ventilation rate/specific
airflow rate differ depending on the measurement method However, if the standard deviation of the
concentration error is known, the error in the ventilation rate/specific airflow rate could be estimated
using the error propagation rule. It is also possible to conduct analysis on the confidence interval. Annex
A shows the method for calculating the confidence interval for several measurement methods.
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5.1 Tracer gas dose procedure and room concentration distribution

According to the measurement method shown in Table 1, the room concentration distribution caused
by the tracer gas dose method and the airflow characteristics may provide errors in the estimated
ventilation rate. In cases of the pulse method and continuous dose method, an error in tracer gas dose
has a direct effect on ventilation rate so it is important to control the accuracy. Refer to Clause 4 for the

effects of room concentration distribution on estimated ventilation rate.

5.2 Tracer gas sampling and storage method

Inappropriate positioning of the tracer gas sampling points can have a major effect on the concentration
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5.3.4 Accuracy of tracer gas analyser

{n. Refer to 4.5 concerning collecting piping materials.
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5.3.5 Calibration of tracer gas analyser

The tracer gas analyser should be calibrated at least at two concentrations (2 types: zero gas and span
gas) within the expected range of concentrations to be measured. If the analyser does not have the linear
response or its response is not known, more than three concentrations are necessary for the calibration.
Calibration should ideally be performed before conducting a series of measurements. When the constant
concentration method is employed, calibration must be performed before and after measuring, and when
other measuring methods are employed, calibration should also be performed after the completion of
measuring if there is a concern about the effects of drift. The standard gas concentration is measured
and the value checked to confirm the absence of a large drift. If drift is observed, the drift during the
measuring should be estimated and the measured concentration corrected. However, if the error caused
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by drift exceeds 5 %, the preference would be to not perform correction but conduct measuring again
after calibrating the analyser.

5.3.6 Standard gas concentration

The concentration of the standard gas used for calibration must be + 3 % of the indicated concentration
at a probability of 95 %.

As outlined, it is vital that concentration measuring should be highly accurate in order to measure
ventilation rate with a high degree of accuracy. However, in view of the nature of error propagation,
caution should be exercised to ensure highly accurate measuring, by investigating beforehand

appr

5.4
tion

It is
spee

Dpriate measuring conditions such as measurement time period and volume of gas gen

Changes in outside wind and outside air temperature and schedule of air
ing system

d, outdoor air temperature, room temperature, and the schedule of the air condition

the 7one targeted. Corresponding to how ventilation is determined ptinrarily by driving
temperature difference between zones, and mechanical equipment)ithe ventilation rate ¢
chanjge differently. Even in mechanically ventilated rooms, depending on the type of air

systdm, such as when it is a variable air volume system, it maycalso be affected by outside

Befo

‘e measuring, ventilation rate variability should be invéstigated and if changes are a

meaguring method that permits ventilation rate changes sheuld be selected (see Table 1).

6

6.1

Test report

General

The report must include the following information:

a) Information about specific conditions where measurements were made, particularly

d)
e)
f)

uilding structure and its envelope;

nformation about ventilation, the air conditioning system and openings for ventilatior;

escription that the-mneasurement was made as per the specifications set forth;
easurement method and instruments employed;
ata collected and results of measurement;

ate of‘imeasurement.

The follewing shows examples of the content in the report for each of the above items.

6.2

Prating rate.

condi-

possible that the changes in ventilation rate may occur in response to changes in (Iltside wind
i

g system in
force (wind
hanges may
fonditioning
wind speed.
hticipated, a

focusing on

All details necessary to identify the simulation tested

a) Use, dimensions, construction of walls, windows, doors, roof, foundation, overall heights of the
enclosure and other important envelope features (including representative photographs);

b) Building information: name, address;

c) Site description: site plan sketch of structures, roads, terrain, major obstructions to wind flow,
orientation of the enclosure, and the location of the meteorological station;

d) Zone description: a plan and section sketch of the zone, volume of zone.

6.3

Details of heating and ventilation systems
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, ventilation and air conditioning system: the type, capacity, and mode of ventilation;

ical ventilation: the type, number, capacity, and locations of fans;

Natural ventilation: the type, dimensions, number and locations of doors, windows, openings,
chimney flues, and other natural ventilation openings;

The type, number, size and location of exterior air inlet and outlet openings;

Leakage sites: any obvious sites or those that have been determined by such means as infrared
thermography or infiltrometry.

Gas anallyser: type of analyser and the date, method, and results of its calibration;

thefollowing tests: contémination, uniformity of concentration, equilibrium, and specific airfl

a) Heating
b) Mechan
c)
d)
e)
6.4 Test(
a) Purposq
b) Testme
c) Distriby
locatior]
concent]
d) Samplir
initial s
the zong
e)
f) Data ad
concent]
g) Ancillay
wind sj
measur
6.5 Colle
a) Record
b) Record
c) Calculat
or Qv fr
NOTE
d) Ancillan

rfonditions and apparatus
e of the test;
thod: concentration decay, continuous dose, or constant concentration;

[tion of tracer gas: the type of gas, method of injection, volume of initial injection, inje
s, initial concentration, metering or volume measurement systemj-injection rate, t
ration, and method of distribution;

g of tracer gas: location of sampling sites, method of spatial testing, sampling inte
hmpling time, method of sampling, and method of testingfrom dilution or contaminati
e and sampling system;

quisition and control: the format for obtaining and recording date; for the con
ration test method, report the type of equipment and algorithm used to control the prg

y measurements: the method used. for obtaining indoor and outdoor temperat
eed and direction, and other meteorological observations; height and location of
ements; and means used for meaguring other phenomena, such as door or damper posit

cted data and results
pf tracer gas injection: the time, place, and amount;

pf tracer gas concefitration: the time, location, and concentration of specimens obtaing

ion of specificairflow: the type of calculation, time period for calculation, calculation
bm conceftration and injection data;

When calculating the uncertainty, see Annex A.

ction
hrget

rval,
on in

stant
cess;

ures,
wind
ions.

d for

of N

v imformation: wind cpppd and direction, indoor and ontdoor temperatures

6.6 Date of the test

Test period with indoor and outdoor environmental conditions at start and finish.
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Annex A
(normative)

Confidence intervals

A.1 General

This|annex discusses the confidence levels and confidence intervals for the specific
detefmined by the multi-point decay method, which is a type of concentration decay

hirflow rate
method, the

ventjlation rate determined by the average concentration method, which is a type, of contjinuous dose

metHod, and the ventilation rate determined by the constant concentration method.

The accuracy of the ventilation rate obtained as a result is expressed using ‘statistical prdcedures, i.e.
ventilation rates are expressed within a range with a probability. The-range is called th¢ confidence

interjval and the probability is called the confidence level.

A.2 | Multi-point decay method

The foncentration resulting from ventilation may change with time, and the regressio

n method is

applied to analyse to what extent this can be explained by changes in time in the multi{point decay

metHod. Using the following procedure, the level of confidence for the specific airflow rate

N given as a

constant value is expressed statistically. Details onthe regression method are given in the literature [2].

The regression method applies each measured-time t;j as an independent variable, and con
as arl induced variable, resulting in the specific airflow rate N calculated from the regressio
for tIe independent variable ¢;.

The predicted standard error En for theregression coefficient corresponding to the specifica

centration C
n coefficient

rflowrate N

is thgn calculated. The standard erroris the square root of the variance of the mean of the valug¢s calculated

(sampple mean), i.e. it is the standard deviation of the sample mean and shows the mean Vari:lzce.

Assumingerrorsintheregression equation are normally distributed, the standard error of thie regression
coefflicient corresponding to the specific airflow rate N is found from Formula (A.1).
N
EN = (A.l)
® (g’
P PN
A
k ~ N2
2 (7 -71)
sp CA=L (A.2)
K—2
where
Y; is the measured value of InCj;
Yi is the estimated value of InCj;
ti is the measurement time for each sample, in seconds or hours;
t is the average value of the measurement times, in seconds or hours;
k is the number of samples.
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sisavalue adjusted by the degree of freedom k - 2 of the error in the regression equation for a population
of measured sample, that is, the concentration error, when it is assumed to be normally distributed.

The variance in concentration for the population is not known beforehand, so it is substituted for that
in which the variance in the measured values for the concentration, that is, the sample is divided by the
degree of freedom k - 2. Two is subtracted because two degrees of freedom were used to calculate the
two regression coefficients.

The confidence limit Fy for the specific airflow rate N for a level of confidence of 100(1 - a) against the
k units of the sample group is expressed as Formula (A.3) using a t-distribution table because the level
of freedom of EN is k — 2.

Here, the t-distribution table is used because the sample size is not that large and Ey is not@ yalue
directly calqulated from the measured value.

Fy@=N}Ey t(k-21-a) (A.3)
where
t is the value obtained from a t-distribution table;

1-a is the confidence level of N;

k is the number of samples.

Table A.1 — t-distribution table

Freedqm level “

0,1 0,05 0,025 0,01 0,005
1§ 3,078 6,314 12,706 31,821 63,657
D 1,886 2,920 4,303 6,965 9,925
3 1,638 2,353 3,182 4,541 5,841
1 1,533 2,132 2,776 3,747 4,604
b 1,476 2,015 2,571 3,365 4,032
b 1,440 1,943 2,447 3,143 3,707
7 1,415 1,895 2,365 2,998 3,499
B 1,397 1,860 2,306 2,896 3,355
D 1,383 1,833 2,262 2,821 3,250
10 1,372 1,812 2,228 2,764 3,169
L5 34+ 753 2134 2-602 2047
20 1,325 1,725 2 2,086 2,528 2,845

A.3 Average concentration method

The following procedure shows the statistical level of confidence in the calculated constant value for
ventilation rate for sufficiently long measuring time. The predicted variance for concentration C is
determined using Formula (A.4) as the estimate of the population variance, i.e. the unbiased variance.
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Here, the second item in the numerator on the right is organized in the form of a fraction in which mean

k

ki=1

1
— ¥ ¢; hasbeen altered.

k
kY cl-
i=1

k
> ¢

E

k(k-1)

2
2 :|
s

(A4)

The confidence level is, for example, « = 0,05 and 1 - @ = 0,95. By t-distribution, the upper and lower
limits of C in relation to the mean of Cin t(k - 1, 1 — @) are calculated using Formulae (A.5) and (A.6).

whet

If the
m, C

A4

This
soug
calcu

Conf
that
using

Anal

1-«a

is the time-averaged value of the concentration, in m3/m3;

is the confidence level of ¢ .

equilibrium tracer gas concentration is known and, itis assumed the variance for tra
hin be ignored, then the values corresponding to Q, can be found using Formulae (A.5)

C

m
v, up
u

p
m

v,low =
Clow

Constant concentration test method

procedure has built-in{indicators of bias and precision when performing calculatio
ht, so this value may(eé compared with C to calculate bias. The precision of € may be ¢
lating the estimate®f variance using Formula (A.4).

dence levelsata@ and 1 - a is 0,05 and 0,95, for example. Because the sample size is in
arge, the mean value of C and the upper and lower limits for Cin ¢t (k- 1, 1 - a) should b
b Formulae)(A.5) and (A.6), using t-distribution where the level of freedom is k - 1.

ysis_of the confidence interval for Q, is performed in accordance with the algorithm

Co) 1

(A.5)

(A.6)

cer gas dose
and (A.6).

(A7)

(A.8)

nS. Ctarget IS
stimated by

general not
e calculated

that relates

olm(£).

© ISO

2012 - All rights reserved

33


https://standardsiso.com/api/?name=1f2d5c1ca1f664e050e087b998a86d38

ISO 12569:2012(E)

Annex B
(normative)

Method to estimate ventilation rate Qy and effective mixed zone

volume Vepz simultaneously [34]

B.1 Gene€

This methogl is named the intermittent dose method but is sometimes called a system identific

ral

htion

method frogn the mathematical point of view. In this method, the ventilation rate and effective nmiixed

zone volum¢ are estimated by the least square method from the measured values, df tracer gas
gas concentration changes. The following explains under the conditionthat the ventilption

changes and
flow rate Qy

B.2 Adva
a) Two pay
Whenu

rate, if t
the marf

b) Univers
a multi
conside

c) Thisis{
canber]
method
differen
but thig
regress
evaluat

d) Itis poq
betwee
for obta
enable {
calculat

and effective mixed zone volume Ve, are constant in certain periods,

ntages and disadvantages of the intermittent dose‘method

ameters, ventilation rate and effective mixed zone volumé)can be simultaneously estim|
5ing a method employing an assumed effective mixed zohe volume to estimate the ventil
he assumed value is completely wrong, then the ventildtion rate may also be complete
k. The intermittent method therefore avoids this xisk.

plity: this method can be expanded easily tarsuit not only a single room model buf]
ble room one. By consistency of theory, tlie software used is the same thereby s4
Fable resources.

statistical method so it is robust tocthe ill effects of different types of error and the mg
ptionally used to evaluate errors@inestimated results. The principle relies on the least sq
so it is robust to probable errors in value. The actual cause of the error is controlled
ce between the actual phehomenon and the mathematical model as shown in Figurg
is also expressed as a residual error in the equation. The present method uses mu
on analysis and a sjimilar residual error analysis procedure, thereby enabling a pf
on by such error cause.

sible to also follow changes over time in ventilation rate etc. and to determine differg
n the actual phehomenon and the model. A measuring period over several hours is reqy
ining an-estimate for the ventilation rate etc., but shifting this period gradually w

dose

ated.
htion
ly off

also
ving

thod
uare
by a
b B.1,
tiple
oper

nces
hired
rould

he deterinination of the changes over time in the same way as when the moving avers
ed. Ifithere is a large difference between the estimated effective mixed zone volume an

ical room capacity, then it could be assumed that problems have arisen, such as insuffi

geis
the
cient

e) Comparatively elaborate equipment is required for gas supply control and concentration
measurements. Equipment is required for gas intermittent dose and supply flow measuring, and
continuous concentration measuring.

f) Comparatively intricate measured data analysis is required. Measured data analysis that works out
simultaneous equations and inverse matrices is required.
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B.3 Basic equation model

The basic equation model arises from the following equation reproduced from Formula (9). The exhaust
concentration Cg in this equation is generally unclear due to exfiltration, etc. Assuming the mean
concentration C of the target zone is Cg = C, Formula (B.1) is established.

dVg (¢
L() = m(t) -Cg (t)QV (t) (Reproduced from Formula (9) in the present text)
dt
dc
Vemz = Qy (co-c)+m (B.1)
whertte

) is the tracer gas concentration in the outside air;

Vetc is the effective mixed zone volume;

Dy is the ventilation rate;
m is the tracer gas dose.

B.4 | Formulation of multiple regression analysis

Formulation should be conducted to enable the use ofatrexisting multiple regression analy$is program.
Assuming the Ve and Qp parameters are not known and the tracer gas dose m is known, the tracer gas
dose|is moved to the left, and the unknown member for calculation is moved to the right.

dc
mz_Vefc';'*'QV'(CO_C) (B.Z)

The regression equation in the multiple regression analysis corresponding to this is degcribed by a
comimonly used symbol. With the'so-called target variable defined as y and the two explainged variables
expressed as x1 and xp, the regression coefficients related to these are defined as a; and dz. Normally,
the constant member ag introduced may be regarded as 0.

y:al~xl+a2~x2 (B.B)

The gbove Formulae(B.2) and (B.3) are compared. -m corresponds to y, -Vemz corresponds fo a1, and Qy
corr¢sponds te\a2. —dc/dt corresponds to the explained variable x1, but (Co - C) correspondg to x2. In the
multjple regression analysis, it is necessary to obtain many of the explained variables anld the target
varigblesets that correspond to them as measured or observed values under various conditions.

B.5 Method of calculating multiple regression model variables

Obtaining many explained variables in the multiple regression model and their corresponding target
variable sets can be achieved by continuous measuring over a long period along the time axis. This long
period T is divided by the At short time interval, and the explained variables and corresponding target
variable sets are created from each At interval. In order to obtain explained variables with big changes
and their corresponding target variables, the tracer gas dose is changed to create a change in the gas
concentration.
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However, using a derivative term with each passing moment, a negative influence is apt to occur as
a result of errors in the measuring instruments and minute changes, so an integrated form is used.
Formula (B.2) is integrated from temporal spatial (k - 1)At to At to obtain Formula (B.4).

jkAt

Fem (j-1)at g,

I e (B.4)

S
The integral of the first item in the right member is an increment of the concentration from (k - 1)At to
kAt. The integrals of the other two items calculate the area within the interval of At. About one minute
is used for At in a large number of measurements. Most of the time the temporal changes during this
period may approximate a linear interpolation. In contrast, it is necessary to work out the time gaps to

the extent that errors are not exacerbated even with linear interpolation. The approximate integrals
from linear |nterpolation in each item in Formula (B.4) are defined by smy, pCk, and sCk.

)At mdt = —

s My :I(kkA_Ll)Atmdt;%-{m(kAt)erI:(k—l)At]} [B.S)
b Ck :j(kk% 1)Atdc:C(kAt)—C|:(k—1)At:| (B.6)
s Cic =[5 ppCo —Chae = %[co(km) ~Ckar) | B.7)
[ cotk-1at |-c[k -]
From this, Formula (B.4) can be re-written into the following equation.
—smie =Vt (< i )+ Q- (5 k) (B.8)

If this Form
for calculat
becomes ev

B.6 Meth

For Formuld

ula (B.8) is compared to the multiple regression equation of Formula (B.3), the msg
ing each variable in order to apply the existing multiple regression analysis pro
ident.

od using an existing multiple regression analysis calculation program

(B.8) mentioned above,ifa/combination of n{ units of measured data from temporal sp

thod
Fram

atial

k =1 to ntisobtained and arranged‘in a matrix row, the following equation results.
'_sml I -p€1) (sC1
—gMy “pC2) 503
~sM3 “bC3) 43 v
. - . .| "emz (B_g)
Qy
“sMnt (_ant)' (ant)
By notation in a normal multiple regression analysis, this equation is expressed as follows:
Y=X-A (B.10)

Here, the content of A in particular is t [Vemz, Qy]. Also, the working equation of parameter A becomes
the following:

e | (xn) ()

A special calculation program does not need to be created for this calculation and error analysis because
the existing multiple regression analysis program is performed. However, it is necessary to prepare
each variable calculated by Formulae (B.5) to (B.7) using a spread sheet, for example. Also, as shown

Vetc

o (B.11)
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in Figure B.2, accuracy can be estimated using equation residual analysis that is calculated using

Formula (B.1) from the estimated Ve and Qy.

Y1 A
A A
/ /
\ N ﬂ
R
)
- Q)Q’
@)
gV
K@
@)
Y2 <§<
a BN

\

Key O ‘

X  glapsed time %\
Y1 doncentration

Y2 gas infusion rate
he original rectangle and approximated trapezium are the same.

a  Theare
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Key
X  elapsed fime
Y concentration

1 residual error

Figure B.2 — Gas concentration changes and their residual errors
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Annex C
(informative)

Considerations when measuring the ventilation rate of large spaces

When the ventilation rate of large spaces is measured using the step down method, it is important
to make the concentration within the space uniform from the start. The following are some effective
metHods to make concentration uniform:

a) (onduct the step up method beforehand;
b) Distribute gas when only the recirculation air is circulated without intake of/eutdoor ajr;
c) Distribute the gas when the air conditioner is operated;

d) Distribute gas when the floor heater is operated;

e) Distribute a suitable amount of the gas from as many places as possible;

f) Istablish as many ancillary fans as possible to circulate the.gas.
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Annex D
(informative)

Effects of internal and external temperature difference,
temperature change, and outside air concentration change during
the measurement period

dt

D.1 When temperature and tracer gas concentration in a single zone are-homoge-
neous
Temperature and tracer gas concentration in a single zone can be maintained homgegeineous by the use
of mixing fans, then the following Formula (D.1) for the conservation of the mass ef tracer gas is applied.
NOTE Tdmperature in a zone is homogeneous, so the exhaust temperature is equal tothe temperature in thezone.

d (¢ t 0t t

;( PikVemz ) = pm=+ poKoQoi — pikQjg (D.1)
where

toi is the density of tracer gas in the zone, (kg/m3);

too is the density of tracer gas in the outside ai,(kg/m3);

t is the density of tracer gas during traeér gas injection, (kg/m3);

K is the volume concentration of tracer gas in the zone, (m3/m3);

Ko is the volume concentration.of tracer gas at outside air, (m3/m3);

m’ is the tracer gas dose, (m3/h);

Qoi is the ventilation rate’/from the outside to the zone, (m3/h);

Qio is the ventilation’rate from the zone to the outside, (m3/h);
Formula (D.[l) can be‘ceplaced by Formula (D.2) using ideal gas law for the tracer gas.

i[ﬁ)zm& (D.2)

T; T T To T
where
Tj is the temperature in the zone, in Kelvin [K];

To  isthe outside temperature, in Kelvin [K];

T is the tracer gas supply temperature, in Kelvin [K].
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