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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
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it rights. ISO shall not be held responsible for identifying any or all sueh“patent rights. Details of
atent rights identified during the development of the document will be in the Introdug¢tion and/or
e [SO list of patent declarations received (see www.iso.org/patents);

frade name used in this document is information given for the-éonvenience of users gnd does not
[itute an endorsement.

Ain explanation on the voluntary nature of standards, the meaning of ISO specifi¢ terms and
pssions related to conformity assessment, as well ‘as’information about ISO's adherence to the
d Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following
www.iso.org/iso/foreword.html.

document was prepared by Technical Committee ISO/TC 163, Thermal performance and energy use
b built environment, Subcommittee SC 1, Fest and measurement methods.

third edition cancels and replaces the'second edition (ISO 12569:2012), which has been technically
ed.
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Introduction

The aim of ventilation is to maintain a proper hygienic status of the room by introducing outdoor air
and 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.

vi © ISO 2017 - All rights reserved
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Thermal performance of buildings and materials —
Determination of specific airflow rate in buildings —
Tracer gas dilution method

1 Scope

This|document establishes methods to obtain the ventilation rate or specific airflow rate in a building
space (which is considered to be a single zone) using a tracer gas.

The neasurement methods apply for spaces where the combined conditions concérning th¢ uniformity
of trgcer gas concentration, measurement of the exhaust gas concentration, effective mixedzone and/or
fluctpation of ventilation are satisfied.

This|document provides three measurement methods using a tracer gas:concentration defcay method,
contjnuous dose method, and constant concentration method.

NOT}H Specific measurement conditions are given in Table 1.

2 Normative references

Therk are no normative references in this document,

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO gnd IEC maintain terminologicaldatabases for use in standardization at the following dddresses:

— ISO Online browsing platform; available at http://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31
single zone
%4
space which only-exchanges air with the outside

3.2
effe¢tivé mixed zone

Vemz
space within a single zone (3.1], excluding sealed furniture or storage space, in which tracer gas (3.6)
supplied to the zone is regarded as uniformly distributed

Note 1 to entry: Measured in cubic metres.
Note 2 to entry: Forced mixing of air in the zone is often needed to keep uniform tracer gas concentration.

3.3
ventilation rate

Qv

total volume of air passing through the zone to the outside per unit of time

Note 1 to entry: Measured in m3/s or m3/h.

© IS0 2017 - All rights reserved 1
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specific airflow rate

N

ratio of the ventilation rate (3.3) of a zone to the volume of the effective mixed zone (3.2), per second or

per hour

3.5
building en

velope

boundary or barrier separating the interior volume of a building from the outside environment

3.6

tracer gas
gas that can|

3.7

concentrat
method by 1
observed af

3.8

continuous,
method by {
generation (

3.9

constant cag
method by ¥
for constant]

4 Measu

4.1 Gene

Selection of
system and
decay meth
ventilation 1
time of up t
a longer me
measured b

In order to i
necessary t
methods. In
in the effecf

be mixed with air and measured in very small concentration in order to study airflow

on decay method
which the specific airflow rate (3.4) is obtained from the decaying curve‘of concentr
Ler the end of the injection of tracer gas (3.6)

dose method

r injection of the tracer gas (3.6)

ncentration method
vhich the ventilation rate (3.3) is obtained from.the’injection rate of tracer gas (3.6) d
concentration in the space

rement method and its selection

ral

a measurement method and data processing depends on the building structure, ventil
measurement instrumentemployed. One of the three measurement methods (concentr
bd, continuous dose méethod and constant concentration method) is used to estimat
rate or specific airflgw, rate. The concentration decay method has a limited measure

several hours whil®the continuous dose and constant concentration methods can pr
hsurement time‘up to several weeks. The guideline of selection of the method and w
y the methodisJisted in Table 1.

mprove the'accuracy of deriving the ventilation rate or specific airflow rate, it is somet
b deviSe“measures that approximate prerequisite conditions demanded of measure
particular, if a measurement method were used that requires uniformity of concentr

!

rate

htion

Vhich the ventilation rate (3.3) is obtained from the concentration resulting from contirfuous

osed

htion
htion
e the
ment
vide
at is

imes
ment
htion
rced

iv®mixed zone, it would be preferable to forcibly mix the internal air. In general, fd

mixing of internal air has Iittle effect on ventilation rate or specific airflow rate, but there is a risk that
forced mixing affects the measured ventilation rate if natural ventilation due to temperature differences
predominates and the temperature within the room is distributed significantly, or if airflow emitted
from a fan for the purpose of mixing air directly impinges on the leakage areas in buildings. 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.

© ISO 2017 - All rights reserved
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— [Ifitis 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
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” can either mean instances in which concentration
in an effective mixed zone is made uniform using mixing, or instances whereby the pressure inside
a zone is kept lower 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.

: Stg-meastrementme s-thatrequire-the“knowrvetun v pd zone”, the
rolume of the effective mixed zone can be estimated using room dimensions. Howeyer] when using
the corresponding average inverse concentration method and average concentration method, high
dccuracy for estimating the volume of an effective mixed zone is not neededif & suffjciently long

fime is taken to evaluate the ventilation rate.

— Measurement methods that can be applied in instances where “fluctuation in ventilation rate can be
ignored” are designed on the assumption that the ventilation rate or §pecific airflow rate over time
does not change.

— The tracer gas volume is defined as the value of exhaust temperature converted into d¢nsity. When
the room air is mixed well, the room temperature approximately matches the exhaust temperature.

— Inaddition to the measurement methods in Table 1, there.s an intermittent dose method that allows
the measurement of the volume of an effective mixed«zene and ventilation rate at the same time.

For measurement of ventilation rate among the other measurements, if volume of an effe¢ctive mixed
7one is known, the ventilation rate can be obtained by multiplying the volume of the eff¢ctive mixed
zone by the specific airflow rate, and then converting to ventilation rate.

© IS0 2017 - All rights reserved 3
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Table 1 — Relationship of method, application and estimated quantities

Application and measured quantities
Application What is measured
Room Room Flexibility
concentra- Average Fluctu- S L
Method . concentra- Known L Ventilation | to signif-
tion can be | . exhaust ation in :
o tion can be volume of o rate or icantly
maintained o concentra- . ventilation e .
. maintained | . effective specific air-| transient
uniform . tion canbe | rate can be o
s uniform at mixed zone | . flow rate | ventilation
at initial . measured ignored
all times rate
stage only
Concen- o-
tration ppint Specific air-
— . — — — A
decay decay flow rate
method ethod
Multi-
ppint . . . o . Specificair- 0O
decay flow rate
method
Step-
dpwn
ekhaust . . . . S Specific air- 0
cpncen- flow rate
tration
njethod
Pulse . - . A . Ventilation 0
ethod rate
Continu- er-
ous dose |age of
method |ipverse o . o . . Ventilation A
cpncen- rate
tration
ethod
erage
cpncen- Ventilation
- — d — o . O
tration rate
ethod
Sta-
tjonary Ventilation
cpncen- = — . — . O
. rate
tfation
ethod
Constant cotjcen- . . . . . Ventilation A
tration method rate
“e” indicates th&necessary condition for the application to measure the quantity according to each method.
“—” indicates that it is not a necessary condition for each method to be applied.
“A” indicates reasonable applicability because the basic equation to derive the measurement method permits temporal
change in ventilation rate.
“O” indicates difficulty because the basic equation to derive the measurement method assumes constant ventilation rate.

4.2 Concentration decay method

4.2.1 Principle

At the start of the test, the tracer gas is supplied in the zone where the ventilation rate is to be evaluated
based on the concentration decay data obtained. In case of the forced mixing for uniform distribution
or if the average exhaust concentration can be measured, the measurement point can be limited to one.

4 © IS0 2017 - All rights reserved
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The amount of tracer gas needed is very small for one measurement, and it is not required to accurately
measure the amount of injected gas except for the pulse method.

The basic equation that can be commonly applied to the methods is as given in Formula (1), expressed
in m3/h or m3/s:

L), )0, 8
where

i is the time,in h ors;

feas(® is the total volume of tracer gas in a zone at time t [: J.H Vv C(x,t)dV} Sinm3;

p is the location in a zone;

C(x, t) isthe concentration att, xin a zone, in m3/ms3;
Qy(t) is the ventilation rate at ¢, in m3/h;
Cr(6) is the average exhaust concentration at “t”, in m3/m3.

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

4.2.2 Two-point decay method

With| the concentration in an effective mixed_zene continuously made uniform, the time|average air
chanige rate of measuring period is calculated from the measurement start point to the end point. It is
not rlecessary for the specific airflow ratetobe constant during measuring.

Fornjula (2) is established from the abgve conditions:

Woas (£)=Vemgz -C(t)

(2)
g (t)=C(¢)
whertte
[(t) istheconcentration in an effective mixed zone (uniform distribution) at ¢, in m3/m3;
Vemz is¢he volume of an effective mixed zone (no time changes are assumed)
[: [[J vetee)av fog (t)] in m3,
Formula (1] and Formula [Z] provide Formula 3] to give Formula [4]:
ty d t t
J‘z C:_J'zQ()'t 3)
tq C(t) tq Vemz
— C(t
F= 1 log, Elt2) @
ty =ty C(tz)
where

© IS0 2017 - All rights reserved 5
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t isthetime,in h;
t1 isthe measurement start point, in h;
ty isthe measurement end point, in h;
_ . e 1 20(t) | .
N is the time-mean specific airflow rate | = I dt |,in 1/h.
ty—ty 7t Vemz

Based on the measured concentration data of two different time points, the time average specific

airflow rate during measuring period 1s calculated tor that period. During the measurement period, the

concentrati
measuring d
point and ef

4.2.3

Specific airf
maintained

Formula (5)

transformeq

log, C(8

where

N

Specific air
square met}
not fluctuat
Lack of a lin
obtained us
decay meth

4.2.4 Step-down exhaustcomncentration method

The specifid
distribution|

and the ventilation“rate does not fluctuate over time. It can also be applied when the concentr
ed after the start of measuring. Simultaneous measurement with the mean age (

is distribut
distribution|

!

Multipoint decay method
uniform and the ventilation rate does not fluctuate over time.

:

is the specific airflow rate, in h.

1od to a straight line shown in Forhiula (5). The precondition that specific airflow rate
e over time is confirmed when logeC(t) is plotted against t and there is a linear relation

ing this method is not thé time-mean specific airflow rate. In this instance, the two-

n in the effective mixed zone shall be uniformly maintained. It is necessary for thelaced
f specific airflow rate that the difference in concentration between the measurement
d point be sufficiently greater than the concentration measurement error.

irate
start

low rate is calculated when the concentration distribution in an‘effective mixed zone is

is obtained when the ventilation rate in Formula (3) is made constant and the forma

)=log.C(t;)-N(t—tq)

low rate is calculated by applying'the measured data of concentration using the
ear relationship indicates that ventilation rate is not constant, so the specific airflow

d should be applied.

airflow rate~is calculated when the average exhaust concentration is measurable
of the concéntration in an effective mixed zone at the measurement start point is uni

is:possible.

hla is

6)

least
does
ship.

rate
hoint

, the
form,
htion
f air
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When time is integrated up to co by making constant the ventilation rate in Formula (1), Formula (6) is
obtained:

j:dvgas (t)=Qv j:cE (¢)dt

(6)

If the concentration in an effective mixed zone is made uniform at the measurement start point, the
result is

Vgas (tl ) =Vemz 'C(tl )

and ¢

-—

whid

That

ifter sufficient time has elapsed, the result is
gas () =0

h provides Formula (7):

_c(t)

l LWCE (t)dt

is, the reciprocal value to the mean local age of air in_the‘exhaust outlet becomes

airflpw rate in the room. In the event of multiple exhaust outlets, the average exhaust cc

weig|
NOTH

ignorf

4.2.5

The

venti
poin
unifd

In thi
resu

l

whic

hted depending on the exhaust airflow rate at each exhaust outlet is used.

ed.

Pulse method

lation rate does not fluctuate overitime. The tracer gas volume supplied at the measuj
needs to be accurately evaluated; but the concentration distribution in a zone does nq
rm.

is instance, in Formula(6}, Vgas(t1) is already known, and after sufficient time has
tis

(gas (oo) =0
h provides Formula (8):

Vgas (tl )

) S

(7)

the specific
ncentration

Refer to Annex F if the difference between the exlidust temperature and room temperatiyire cannot be

ventilation rate is calculated whenthe average exhaust concentration is measurable and the

ement start
t need to be

elapsed, the

(8)

(Cc (r\dr

n
IV

Jtl 7

where

Vgas(t) is the tracer gas volume ( = supplied tracer gas volume) retained in the room at the meas-

urement start time ¢t1, in m3.

NOTE For the tracer gas volume, a value of exhaust temperature converted into density is used
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nuous dose method

4.3.1 Principle

With the tracer gas being supplied continuously in the zone, the ventilation rate is measured by the
amount of the dosage and concentration measurement data. If a measurement method that requires
uniformly distributed concentration throughout the effective mixed zone with the tracer gas supplied is
used, it normally requires multiple concentration monitoring points to verify the uniform distribution
of the concentration. The amount of the tracer gas supplied increases as the measurement time
extends; however, the method can be applied to measurement that extends for a long time. The passive

measureme

nt that uses carbon dioxide generated by exhalation of residents as the tracer gasis als

one

of the contij

The basic fo

(¢

dv,

gas

dt
where

m(t) ig

4.3.2 Ave

The time-m
concentrati
the ventilat
measureme
required.

Formula (10

juous concentration methods.

Fmula that can be commonly applied to the methods is as given in Formula (9):

—m(e)~Cy (e)ov(¢)

the dosage of tracer gas at t, in m3/h.

rage inverse concentration method

ban specific airflow rate is calculated from the start to the end of measuring, wher
n distribution in an effective mixed zone is maihtained uniform. It is not necessar

ht, the instantaneous dosage of tracer gas;anid the volume of the effective mixed zon

) is established based on the assumed conditions:

(9)

e the
y for

ion rate to be constant during measuring,-but the instantaneous concentration dfiring

£ are

Vgas (t) = Vemz 'C(t)
(10)
Ce(t)=F(t)
where
C(t) igthe concentratiémin an effective mixed zone (uniform distribution) at ¢, in m3/m3;
Vemz i9the volume.ofan effective mixed zone, in m3.
Formula (9)and Fernitla (10) provide Formula (11), which gives Formula (12):
t t,m(t t
Ve | ac_2ml) ) (20 g 11
wC(e) T ()
— % C(t
Q, :{ﬂ}r emz_Jog., (1) (12)
Cl -ty 77 C(tz)
where
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m

the 1
to in
mixe
tend
including the sampling system, and causing errors in the measired concentration value, so
data

4.3.3

The

mixe

calc

then

Once

If Qv

whet
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t is the time, in h;

t1  isthe measurement start point, in h;

t;  isthe measurement end point, in h;

- . e 1 ta .

Q, Isthe time-mean specific airflow rate | = P— Q, (t)dt | ,in m3/h;
27t 7t

| 1 ctom(t)

—| = dt, 3/h.
o] T e

) is in general different to (r?z/E) . When the tracer gas dose during measut'ing is corj

n/C) is replaced by (1/C) . When there is sufficient measuring time, the effect of the sec

ight side in Formula (12) is diminished; so in such circumstance, this method may be
stances where sufficient accuracy is not obtained for estimationZef the volume of {
d zone. Immediately after the start of tracer gas dosing, the coneentration is generally
5 to have a strong effect of delaying the response to thelconcentration measuren

d

~

shall not be used for calculating the ventilation rate.

Average concentration method

yentilation rate that does not fluctuate over timie when the concentration distribution in
d zone has been made constantly uniformiis‘calculated. When there is sufficient mea
lation is possible using only the time-mean tracer gas dose and time-mean concentr

neasuring.

y

Formula (10) is supposed for Formula (9), integration in the measuring time provides F
ty t2

C(t t)dt= t dc
(0)(e)de= [ m(€) e Vo [

t) = Q, without the ventilation rate changing over time, Formula (14) is obtained:

{c@z);c(tl)}

C
t
! f “m(t) dt,in m3/h;

-tz
dt<V,,,
tq

):@_ Vemz

Ve

C ty~tf

=

=

stant and is

ond term on

applied also
he effective
tmall, which
hent system
at this point

an effective
suring time,
htion during

brmula (13):

(13)

(14)

Uy —=1171

1

C

tZC dt i 3 3
P Ll (t)dt,in m3/m3.

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 mean
value theorem in Formula (13) were applied, Formula (15) would be obtained.

|:C(t2)_c(t1):|, ty <&

c
The ventilation rate obtained in Formula (15) provides the ventilation rate at a time during measuring,
but it does not end up as the time-mean ventilation rate. The ventilation rate obtained from Formula (15)

2@_ Vemz
C t-ty

Qv(¢)

<

2 (15)

© IS0 2017 - All rights reserved 9
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is suitable in cases where the purpose is to simulate generation of the contaminating substance in the
room using tracer gas dosing, and estimate the time-mean concentration to which the inhabitant is
exposed. Therefore, when it is possible to measure the instantaneous concentration and instantaneous
dosage of tracer gas for the purpose of measuring the mean ventilation rate, the inverse concentration
method should be used.

4.3.4 Stationary concentration method

The ventilation rate is calculated when the ventilation rate does not fluctuate over time, under
conditions in which the average exhaust concentration is measurable. It can also be applied when
concentration in a zone is distributed.

Formula (16
Formula (9)

m
QV_CE

where

m ist
Cg ist
That is, the

4.4 Consf

) is obtained when a stationary state is reached and there are no temporal chang

he tracer gas dose, in m3/h;
he average exhaust concentration, in m3/m3.

Fentilation rate is obtained by dividing the constantconcentration by the tracer gas dg

rant concentration method

In order to make the concentration in an effective zone\régularly constant at targeted value, the t

gas dose sh
when the i
measuring
necessary t

The basic ed

buld be controlled and the ventilation rate evaluated from the dosage of tracer gas.
ternal air is not uniformly mixed, by-establishing multiple tracer gas dose points
oints, it is possible to make the cohcentration distribution uniform. Special equipmg
control the tracer gas dose.

juation to be applied is givénin Formula (17) (background concentration has been se

for ease of understanding):

dv,

d|

0

where

Ctarget 1

Qv(®)

1

s (¢)

¢

= m(t) _CtargetQ(t)

s the tatget concentration for constant concentration method, in m3/ms3;

s‘the ventilation rate at time ¢, in m3/h;

es in

(16)

racer
Even

and
ent is

rat0

(17)

m() i

s the tracer gas dose at time t, in m3/h.

Accordingly, ventilation rate is calculated using Formula (18):

Q(¢)

m(e).

Ctarget

4.5 Type
Six types of

10

of tracer gas

tracer gas as listed in Table 2 are used to measure the ventilation rate in a zone.

(18)
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Table 2 — Types of tracer gas

. C Sulfur hexafluo- | Perfluoro Nitrogen
b
Type of gas Heliuma Carbon dioxide ridec carbond Ethylenee monoxidef
i CF4(PFC-14
Chemt:c?l He COyb SFgc ( ) CoHy N2O
Symbo C2Fg(PFC-16)
Measure- Infrared Infrared I:tf)l;?)l;e(ii%is Infrared gas
GC-TCD gas ab- | GC-ECD | gas ab- GC GC-ECD b 8
ment method sorption sorption and FID absorption
p p and GC
Ex ulp}c of
lower limit | 300 x 10-6 | 1 x 10-6 |70 x10-6| 0,001 x 10-6 — 0,1x10-6 0,1 x 10-6
detection
Perjmissible
comcentra- — 5000 x 10-6 1000 x 10-6 — = 25x10-6
tion
Rbklative EXAMPLE:
nsity 0,138 1,545 5,302 PFC-14: 3,06 0,974 1,53
against air [-] PFC-16: 4,80
lobal EXAMPLE:
warmin
p tentiaﬁ — 1 23900 PFC-14: 6 500 — 310
WP) PFC-16:9 200

NOTE 1 In addition to those gases above, nitrogen, carbon monoxide; ethane, methane, isobutene, cyclobutahoctofluoride,
Bronjomethanetrifluoride, dichlorodifluoridemethane, and dichlefotetrafluoridemethane can be also used ap tracer gas.

NOTE 2 The GC in the table indicates general Gas Chromatoegraphy, the GC-TCD is the gas chromatography ysing Thermal
Condpuctivity Detector and GC-ECD using Electron Capture€Detector.

NOTE 3 The Global Warming Potential is defined as relative greenhouse effect potential per weight against cirbon dioxide.
NOTE 4 Infrared gas absorption includes both transmission spectroscopy (TS) and photoacoustic spectrosdopy (PAS).
a elium is chemically stable.

b 07 is dissolved in water and can be adsorbed with building materials or furniture, and is not suit¢d for precise
meadqurement. However, if the measurement does not require critical accuracy, COz is often used. COy|generated by
occupants or any other internal sourcgshall be taken into account. If this CO2 emission rate is not known, this|tracer cannot
be uged.

¢ JFe has alarge global warming potential and should not be used in a large amount. SF¢ is an inactive gas} If it is heated
to 5(|0 °C, it generates toxic7gases. Therefore, it should not be used in a space where a fan heater is used pnd SF¢ flows
throygh the heat source.

d  BFC has a large global warming potential and should not be used in large amounts.
e Hthylene is flathmable and should be handled with a great care.

f N0 has“alarge global warming potential and should not be used in large amounts. N0 is dissolved|in water and
reactls with\aluminium. It ignites at a high temperature. Great care shall be exercised not to use it over ifs permissible
conc¢ntration as it affects health.

4.6 Measurement apparatus

4.6.1 General

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.

© IS0 2017 - All rights reserved 11
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Table 3 — Group of measurement methods and measurement instruments

Measurement instrument

tubeand gas
suction pump

Measurement method Tracer gas | Tracer gas | Tracer gas Tracer gas Other
L concentration .
generator | distributor | collector . equipment
instrument
Cylinder and |Blower for |Manual suc- |Gas concentra- |Recorder or
. valve with  |mixture tion and bag |[tion detector or |computer
Two-point decay
flow metera made of pol- |gas concentra-
method L !
yvinylidene |[tion analyser
fluoride
Cylinder and |Blower for  |Polytet- Concentration |Recorder or
L. valve with  |mixtureor |rafluoroeth- |analyser computelr
Multi-point decay : .
flow metera |pipe for dis- |ylene (PTFE)
method o
tribution and|tube and gas
Concentra- ductmesh  |suction pump
tion decay 5 -
method Cylinder and |Blower for |Polytet- Concentration |Recordef and
Step-down method |valve with  |mixturef rafluoroeth- |analyser computefr
at exhaust flow metera ylene (PTFE)
concentration tube and gas
suction pump
Container Not required | Polytet- Gas concentra- |Recordef and
of known rafluoroeth-” |tion analyser |computefr
Pulse method volume¢ ylene (RTFE)

a  Including

b Including
a pressure of

¢ Exampleq
d  Including

e Doser of g
the zone.

f  Mixingis
g  Activated

a float type flow meter.

needed only at the initial stage/of the measurement.

carbon tubes adsorb evaporated carbon hydride.

are graduated syringe or mass flow meter with\timing controller.

valve with accurate orifice flow meter or electronic mass-flow controller. Generally, the cylinder should|
| MPa, capacity of 101 to 151 and a weight of betweén 5 kg and 10 kg.

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

ompressed tracer gas, having a combination of a flow meter and feedback control system for concentrat

have

onin

12
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Table 3 (continued)

Precision Blower for |Polytet- Concentration |Recorder and
Average of inverse |flow meter |mixture rafluoroeth- |analyser PC
concentration system and ylene (PTFE)
method cylinderb tube and gas
suction pump
a.Active |Precision Blower for |Polytet- Concentration |Recorder and
method |flow meter |mixture rafluoroeth- |analyser computer
. Average system and ylene (PTFE)
Continuous concen- cylinderb tube and gas
dose tration suction pump
method
method |p, Passive |Specific Not Specific Concentration ” | Not
method |generator Applicable |samplerg analyser Applicable
(doser)d
Precision Not required | Polytet- Concefitration |Recorder and
Stati flow meter rafluoroeth- |analyser domputer
tationary concen- d lene (PTFE)
tration method system an y
cylinder tube and gas
suction purhp
Cylinder Blower for |Polytet- Concentration |Rrocess con-
with feed- |mixture raflugroeth- |analyser tiroller
Congtant concentration method |back ylene (PTFE)
controle tube and gas
suction pump

cluding a float type flow meter.

|
l[:cluding valve with accurate orifice flow meter or electronic mass-flow controller. Generally, the cylindg
Esure of 1 MPa, capacity of 10 1to 15 1 and a weight of between 5 kg and 10 kg.

xamples are graduated syringe or mass flow metenwith timing controller.
cluding aluminium tube of finger size for dosinigcarbon hydride by evaporating it gradually.

I
Iroser of compressed tracer gas, having a combination of a flow meter and feedback control system for co
bne.

lixing is needed only at the initial stage of the measurement.

\ctivated carbon tubes adsorb gvaporated carbon hydride.

r should have

hcentration in

4.6.] Tracer gas dosing device

4.6.1.1 General

Tabl¢ 3 outlines’the combinations, but a suitable volume should be chosen in accordang
test method\in/Table 1 and the tracer gas used in Table 2. When the gas flow rate is m{
temperatupe is simultaneously measured for the gas mass flow rate estimation. A valve w
attaghed“should be prepared to prevent cooling and freezing at the valve in case a larg
carbondioxide etc is emitted

The

e with each
basured, the
ith a heater
e volume of

following measures are needed for promoting a uniform mixing.

4.6.2.2 Fan for mixing

Fans for properly mixing inside a testing zone are needed. However, this is not desirable when
temperature layers exist in the zone that would affect the ventilation rate and specific airflow rate.

4.6.2.3 Synchronous emission of tracer gas

Piping and duct system, etc. for distribution or emission by branched piping when multiple outlets are
prepared.

© IS0 2017 - All rights reserved
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4.6.3 Tracer gas sampling apparatus

4.6.3.1 Materials for sampling apparatus

Materials used for the tracer gas sampling system, which are mainly piping and tubes, shall be non-
absorbent, non-reactive, and non-diffusive to the tracer gas in use. Glass, copper, and stainless steel, etc.
arepreferable. Metal foilissuitable for flexible containers. Other permissible materialsare polypropylene,
polyethylene, and polyamide. Fluorine-coated tubing, so-called Polytetrafluoroethylene (PTFE) tubing,
is often used. Depending on the tracer gas, materials to avoid include soft plastics. Tubes (especially

plastic tubes) used once for injecting the pure tracer should never be used for air sampling.

4.6.3.2 Pq

This includd
times the m
made airtig]

4.6.3.3 S4

The tube n
changeover
so that the
analyser.

4.6.4 Gas

The gas ang
also be calih
of £5 %. If {
and end of t
indoor cont;

5 Procedure

5.1 Build

The measur
case the zon
open and arj
the rooms.

If measurin
doors leadit

rtable sampler

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

mpling network for on-site analysis

ptwork comprises manifold for directing multiple sample pipes to the gas analyy

hree
been

er, a

switch, and a pump that leads to the analyser, but normally itds integrated and programimed

sample air is suctioned at determined time intervals, ard)directly connected to th

analyser

lyser shall be suitable for the tracer gas and supposed concentrations. The analyser
rated and kept within the maximum permissible measurement error (see JCGM 200:2
here is a concern about analyser drift, the*analyser should be calibrated at the begir
ne test. The advantage of a gas analyseris the possibility of measuring continuous real
iminants, e.g. CO2, TVOC, CO, Formatdehyde.

ing preparations

b gas

shall
012)
ning
time

ement method in'this document deals with the single zone ventilation measurement. In

e needs uniformyconcentration with multiple rooms, all internal doors in the rooms m
appropriatéixing device may be used, in order to achieve the uniform concentrati

b werie-to be performed on a single room within the building, even if internal door;
1g-tonan adjacent room were intentionally sealed so that there may be no leakage fro

adjacent ro

hy be
bn in

and
m an

m-in many instances air would pass intoan :\H}':\t‘pnf room via ]p:\l(agp areas in the cd

iling

so it may be

difficult to limit it to just the target room.

5.2 Ancillary measurements

In addition to the zone subject to ventilation measurement, the air temperature of adjacent rooms
connected by openings, cracks, ducts and pits is measured and recorded. Data on external air
temperature, wind speed, and wind direction are collected using the nearest meteorological observation
station or portable weather observation apparatus. The building ventilation system operating condition
and the size of envelope openings are measured. If the measurement method requires the volume of
Vemz, the dimensions of the zone shall be measured.
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5.3 Concentration decay method

5.3.1 Calculation of two-point and multi-point methods

In 5.3.1.1 and 5.3.1.2, the calculation of the two-point and multi-point methods are described.

5.3.1.1 Two-point decay method

With the measurement of room concentration at two points, the average specific airflow rate on a time
basis is given from Formula (19), expressed in 1/h:

(19)

—
T
Il
gQ
[¢°]

where

IV is the mean time specific airflow rate, in 1/h or 1/s;

[(t1) isthe room concentration at “t1”, in m3/m3;
¢ (t2) isthe room concentration at “t2”, in m3/ms3;
il is the start point of measurement, in h;

i) is the end point of measurement, in h.

5.3.1.2 Multi-point concentration decay method

The multiple-point concentration decay method'can be used when the gas concentration d¢cay process
can be measured multiple times at intervals’ranging from several minutes to around 1 jh. The least
squafe method is applied to the gas concentration when at least three points are measured, and the
predjcted value for the specific airfloW,rate (N) is calculated using Formula (20):

p p p
Dty | 2loge C(ty)5m, - Dty loge C(t)
=1 | j=1 j=1

N 5 (20)
0 I’lp
2
iy 2t |
Jj=1 j=1
where
N is the estimated specific airflow rate;
tj is the j-th elapsed time of accumulated increments of j times from the decay process start-

ingt1 = 0;
C(tj) is the measured gas concentration at time (t);
np is the total number of measured elapsed time points (ny is 23).

By using period T, where multiple measured elapsed points can be obtained, and ny, the total number
of measured elapsed time points, the measurement errors that cause an estimated error in the specific
airflow rate N can be minimized. This can be realized if we take the product NTy, from the curve shown
in Annex E, where Ty, is an optimum period realizing minimized error of N.
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5.3.2 Procedure of two-point and multi-point methods

In each method, the decaying process of gas concentration is measured after the initial concentration is
high in the zone being measured, with the following steps.

a) Mix the tracer gas after it is dosed or released and distributed and check the uniformity of
concentration in the space with obtained samples of initial condition.

b) Obtain first sample data of decaying samples.

c) Obtain second sample data of the decaying process for two-point method. At least one additional

sample is required for multi-point method.
d) Obtain the last sample of the decaying process to check the uniformity of concentration in the gone.
This test meathod is outlined in Figure 1. To make the initial concentration at step a) that/s close tp the
upper measjirable limit of the gas concentration analyser, a sufficient and necessary amount of tracer
gas is supplied into the zone. The tracer gas within the zone is then mixed. To confirmjuniformity of the
initial concgntration, samples of air are taken from at least two points (three in_total) away from the
centre, in addition to the centre of the zone, and the sampling time is recorded:Alir from the centre is
then samplgd two times and the sampling times are recorded.
The exhaust air from the measuring system shall be placed to outside indorder to avoid recirculatign.
a) Measuring by sampling pouch, etg.
X A
Lol 222222222 VTTITTTTITIIIS
7
A
6-——f———
1
- — ’ 1
y |
e |
5
/P 1 -
/ A j | X
’ | I
VITITTTTITTTTITTTITITIIS O G rssrs. | I
I Y
- I ‘
|
aS'e i :
1
X
h) Continuous measuring
=7 etk d i ialiailet =
Key
1 tracer gas X elapsed time
2 data gathering, gas dose or air collection control Y concentration
3  gas dose apparatus a  Stepl.
4 gas concentration measuring instrument b Step 2.
5 mixing fan ¢ Step 3.
6  checking of spatial distribution d  Step 4.

Figure 1 — Overview of tracer gas decay method
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5.3.3 Calculation of step-down exhaust concentration method and pulse method

5.3.3.1 General

In 5.3.3.2 and 5.3.3.3, the calculation of the step-down exhaust concentration method and the pulse
method is described.

5.3.3.2 Step-down exhaust concentration method

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

C(t
N:w(—l) (21)
f Cg (t)dt
t
oo [tz Ce(tz)
Jtl CE(t)dz,uL1 C (¢£)de+— (22)
Ibg. C(t)=log.C(ty)—a(t—t,) (23)
where
N is the specific airflow rate, in 1/h;

Cg(t) isthe exhaust concentration at ¢, in m3/m3;

[(t1) isthe uniform distributed concentration at start point, in m3/m3;

il is the start time of measuring, in'h;

i) is the end time of measurement, in h;

i is the estimated valuerelated concentration decaying after tp, in 1/h.

To calculate the right dedominator in Formula (21), the changes in concentration [among the
meagurement time points is approximated by linear fit. Practically, it is difficult to conducft measuring
until the exhaust ventilation concentration has sufficiently lowered. Therefore, Formula [21) may be
apprpximated by Farmula (22). The estimated coefficient a of concentration decay is calculated by
Formula (23) using-the interpolation of semi-log curve fitting with the measured data|that decays
stably and lineatly along time axis.

5.3.3.3 , Pulse method

The Yentilation rate is calculated from Formula (24) from the tracer gas volume dosed initially to the
room and the exhaust ventilation concentration data:

Vgas (tl ) (24)

Q=—7
Ll Cg (t)dt

where
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Qv
Vgas(t1)
Ce(?)

2017(E)

is the time, in h;

is the point at start of measuring, in h;

is the ventilation rate , in m3/h;

is the tracer gas volume supplied to room at start of measuring, in m3/h;

is the exhaust ventilation concentration, in m3/m3.

To calculate the denommator in ormula |24) the changes in concentratlon among the measured pomts

are approxim

concentratig
be approxi
the denomif

5.3.4 Pro

For the ste
the decayin
almost the {
in a transie
dosing, and
the concent
integration
measured, t

Both of thes
ventilation,

and Figure ]
over a long

mean exhat
enable meas
measure the
one exhaust

These meas
instances i
concentrati
and the intd
may be ignd
considerabl

hn has suff1c1ently lowered and the changes in concentratlon after time tz are regard
lated in Formula (22) as per the step-down method at exhaust concentration method,

jator in Formula (24) may be calculated from Formula (23).

cedure of the step-down exhaust concentration method and pulse méthod

p-down discharge method, after the initial concentration is increased high, meg
p process of concentration continuously for a long time until the-eoncentration bec
ame as the atmosphere. For the pulse method, just before the-gas is dosed into the
ht time, start measuring the accurate amount of injected gas, increased concentratig
discharged amount of the gas over the decaying process-centinuously for a long time
ration is deemed to be the same as atmosphere. Each method requires continuous
of the change in concentration. In the event that discrete gas concentration can on
he time interval of the measurement shall be good@nough, e.g. 1 min.

the exhaust concentration needs to be meastred continuously over a long period. Fig}
b outline the measuring methods. Conditions in which the ventilation rate does not ch
period of time are also needed. If theré.are multiple exhaust outlets, the airflow weig
st concentration for these shall be calculated. Airflow at each outlet is unknown,
urement of this airflow weighted ;mean exhaust concentration, it is sometimes possil
concentration after a mixing point where these multiple exhaust outlets have mergecd
duct.

urement methods require uniformity of room concentration at the initial stage.
n which the mean\exhaust concentration is measurable without making the
n uniform are these in which mechanical ventilation is performed using an exhausg

red or instabkes in which the mechanical exhaust volume is known beforehand are

Yy greater than the exfiltration rate, and the effect of the leakage may be ignored.

However, c

outlet is in the"upper part of the zone and the external air supply is in the lower part, causing a

rnal room pressure becomes negative in relation to the outside pressure. Thus, leak

sure

bmes
zone
n by
until
time
ly be

b are restricted in application to zones with meehanical exhaust equipment, so for measfiring

ire 2
ange
hted
50 to
le to
into

Here,
rfoom
t fan
ages
to be

tion:should be exercised if artificial mixing is not performed. For example, if the exhaust

near

displacement flow effect, the decay of the exhaust concentration may initially be slow and then be
rapid from when the gas in the zone is replaced by fresh outdoor air. Therefore, major errors can occur
if the decay from the initial effective period to thereafter is estimated without measuring the gas
concentration over a sufficiently long period.
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lata gathering, gas dose/air collection control

as dose apparatus

as concentration measuring instrument

heck of uniformity of initial gas concentrdtion distribution

ther exhaust shall not exist

irflow weighted mean discharge concentration shall be measured
lapsed time in the case of displacement ventilation

oncentration

has dosing period.

A long time is neededwuntil the concentration has sufficiently attenuated.

[n the case of displacement ventilation, the decay curve may suddenly change.

onformation,of uniformity of room concentration distribution.

Figure 2 — Overview of step-down exhaust concentration method
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2
X

Key
1 tracer gas
2 data gathering, gas dose or air collection control
3 gas doselapparatus
4 gas concpntration measuring instrument
5 can be applied only for mechanical exhaust
6  other exiaust shall not exist
7  airflow weighted mean exhaust concentration shall be measured
X  elapsed fime

Y1 gas supply
Y2 concentration

a  In the di$placement ventilation, the concentration decay may rapidly change.
b Along time is needed.

¢ Known duantity of gas+is instantaneously released.

Figure 3 — Overview of pulse method

Even if, as per Figure 4, a short circuit flow occurs from the supply inlet to the exhaust outlet, a long
enough measuring period shall be exercised in order to provide whole characteristics of the decay
curve. Because there is a risk that this can lead to errors, namely because under actual conditions
whereby the zone targeted for measuring has become a place of stagnant ventilation, leading to delays
in the attenuation of exhaust concentration, and forcing the measurements to be cut off in a limited
time, errors occur because attenuation thereafter is approximated using extrapolation, and also the
zone is easily affected by disturbance fluctuations.
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b fxhaust concentration.
¢ Air supply.

Figure 4 — Measuring error by short circuit flow

5.4 | Contintious dose methods

5.4.1 _‘Calculation of average of inverse concentration method

Through this method, the average ventilation rate is obtained from Formula (25), applying the volume of
tracer gas dose from the start to the end of measurement, uniformly distributed room air concentration
and effective mixing zone volume.

A _|m Vemz C(tl)
Q —[—}+ P— log, C(tz) (25)

© IS0 2017 - All rights reserved 21


https://standardsiso.com/api/?name=1958f75f883658ae7f5a7bd06cd90513

ISO 12569

i
i

I

i

:2017(E)

s the time at which measurement starts, in h;

s the time at which measurement ends, in h;

s the mean time ventilation rate, in m3/h;

my

_M;

Cl’l

ot
k

s the number of measurements;

Vemz 1
Cx
mg
C(t1)
C(t2)

Data from i
shall start f]
which t1 ch

i

from the tinpe they had stabilized.

5.4.2 Pro

In this meth
in the zone
stabilized, t
against gas

Therefore, i
however, wi
minimize tii

In order to

Figure 5 ouf]
be confirme
gas supply 1
spatial muly

s the effective mixing zone volume, in m3;

s the k¢, measurement of room concentration, in m3/h;
s the k¢n volume of tracer gas dose, in m3/m3;

s the room concentration at t1, in m3/h;

s the room concentration at tz, in m3/h.

mmediately after the start of tracer gas dosing shall notbé used. The acquisition of
rom immediately after tracer gas dosing, and then the time-mean specific airflow rg
hnged calculated in trial bases, and the results of calculation of ventilation rate adq

cedure of average of inverse concentration-inethod

od, the tracer gas is supplied usually at-a constant flow rate keeping uniform distrib

data
te in
pted

ition

while measuring the concentration_of‘the gas in the zone. After gas concentration being

he mean time ventilation rate is obtained by the integrated ratio of tracer gas supply
concentration between the two points.

[ is preferable to measure both tracer gas supply rate and gas concentration continug
len the measurement is carried out in discrete times, time intervals shall be about 1 n
me differential error.

erify transient ventilation rate over time, at least two ranges should be measured.

lines this testymethod. So that the completion of the gas concentration elevation proces
d and because of gas concentration changes and the necessity of the integral value ofat

rate
usly;

in to

S can
racer

ate, an appdratus is needed to enable continuous measuring and recording. Furthermgre, a

i-point'measuring apparatus would be preferable for also confirming the uniformity g

concentrati

n ihthe zone. Typically, 30 min are appropriate for measurement intervals.

f gas

The tracer gas flow rate shall be Set so that errors are within 2 % of the target concentration and so
that concentration is within a detectable range for the gas analyser. The gas concentration within the

zone should

22

be mixed so that the gas concentration variation within the zone is less than 10 %.

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=1958f75f883658ae7f5a7bd06cd90513

ISO 12569:2017(E)

VELLLLZZ il 2l Ll 1////1/// - 1 - - 1
g e/ / st
1 1 vOoooU
v ’
4 g
] .
v g
1 ’ c c
—- ’ I
Vi g
] .
/ / -
7 ’ X
/
A / i
rrr e rrrrrrrrrrrrrrrrrIry Response concentration
% /
B, !
4
N X
<< (O"Dosing of the tracer gas
Key \\
1 fracer gas X  elapsed time
2 data gathering, gas dose or air collection control Ydo@oncentration
3  das dose apparatus $ gas supply
4 gdas concentration measuring instrument A‘\Q a  transient state and not recommended tp use.
5 mlixing fan (@) b Recommended.
6 uctuation in ventilation can be allowedc\)lt c averaging time (=t - t1)
N\

5.4.3

measgu

VN

)V
whet| eC)

Figure 5 — ngew of average of inverse concentration method

O

Calculation of aves concentration method

rement star

The pentilation rate ﬁ %lculated by inserting into Formula (26) the mean concentrati

Q. int to the end point and instantaneous concentration at start and end

_m ém C(tz):c(tl)
@2 —l c

A

point.

{1
)
Qv

m

is the measurement start point, in h;
is the measurement end point, in h;

is the ventilation rate, in m3/h;

_ my+-+mp+--+m )
is the mean tracer gas supply rate (m= 1 k ”),m m3/h;

n

Ci+-+Cp+---+Cp
n

is the time-mean room concentration (E = }, in m3/m3;
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the effective mixing zone volume, in m3;
the room concentration at t1, in m3/m3;
the room concentration at t2, in m3/m3;
the k-th room concentration measured, in m3/m3;

the tracer gas supply rate at k, in m3/h.

When using the average concentration method according to the passive method including the PFT

<h dba narfon

faor

method, C(tand-Etto)cannotbemeastred,se-evaluationof-the-ordershowld-beperfermed—for the
right side off Formula (27) so that the second term on the right side of Formula (29) may be ignokgd. To
meet this dgmand, a sufficiently long mean time is used or the measurement start time is set after foom
concentratign is stabilized.
C(t2)—C(tq)
ty =ty Pp——Vey (27)
m
In this instajnce, Formula (28) is used to calculate the ventilation rate:
m
C
where
t1 is the measurement start point, in h;
tz is the measurement end point, in h;
Qy is the ventilation rate, in m3/h;
- . 4" mqg+...+m,+...m .
m is the mean tracer gas supply rate (m =1 k L ], in m3/h;
n
— = C{+..+Cp+...C
¢ isthe time-mean room Concentration [C =1 k n ] in m3/m3;
n
5.4.4 Profredure of average concentration method
Follows the procedure/as the average concentration method (see Figure 6). While the average of inyerse
concentratign method bases [(m/C)m/C = average of (gas supply flow rate)/(gas concentration) in
Formula (12),the average concentration method relies on (r?z/E)m/C] as seen from Formula (14), and

averaging o

24

f gas supply rate and room concentration is made separately.
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{< O Dosing of the tracer|gas

fracer gas X e@ed time

1

2 data gathering, gas dose or air collection control Y1-%oncentration

3  das dose apparatus gas supply

4 gas concentration measuring instrument A‘\Q a  Transient state and not recommended {o use.
5 1nixing fan (0) b Recommended.

6

only applicable in case of mechanical ven(ﬂatlon c averaging time (=t - t1)
S
N
Figure 6 — O‘g)rview of average concentration method

O

5.4.3 Calculation of st '&fary concentration method

ied steadily to the room, this method is used to obtain the venlilation rate
, applied with the average exhaust concentration obtained aftqr the room
come stationary. If the exhaust concentration is measured severall times, the
o the formula.

With| the tracer gas
by using Formula
concentration h

average is ap%@'

OVG~> %‘% (29)

where

Qv isthe ventilation rate, in m3/h;
m s the tracer gas supply rate, in m3/h;

Cg s the stationary exhaust concentration, in m3/m3.

5.4.6 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 shall 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 shall 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

balanced vefitilation system with larger airflow rate setting 1or exnaust fan 1s installed so tha oom
is kept negaltive pressure in relation to that of outside or the zone is sufficiently airtight forQ igible

exfiltration flow rate to the outside. q/
% .
6 R <O(b
= ] Y1 N a '\(1/ b
M / (">= /

e
e
¢

AL LLLALLL L AR

\\<
O
~AAf . X

[ \\,Q Response of concentration

T TTTTTIITTT IS TITTETIITITIFIIrs $

ALT_LLLTLLL ACARRRRRR LY N

3 4

B\
o
o

.

O : Dosing of the tracer gas

1 tracer gas ?\ X elapsed time

2 data acqlisitionygas dose or air collection control Y1 concentration

3 gassupply ratus Y2 gas supply

4  gas concentration measuring instrument a Transition state and not to be used
5 negligibly small exfiltration flow rate b Can be used.

6 airflow weighted mean exhaust concentration shall

be measured

Figure 7 — Overview of stationary concentration method
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5.5 Constant concentration method

5.5.1 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.

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.

Q, (t):% (30)

Refer to previous equations for the meaning of the symbols.

In order to calculate accurately the instantaneous ventilation rate, it.is 'necessary fdqr the room
concentration to be constantly kept in the vicinity of the target concentration thus

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

0, = (31)

O3

wherte

0, is the time-mean specific airflow rate, int3/h;

S|

=(mq +---+my +---my,)/n, in m3h;
. =(Cy+4Cy ++--Cp)/n, i m3/m3;
n is the number of concentration and tracer gas dose [ - |;

€  isthe k¢, room concéntration measured, in m3/h;

g is the ke, tracér'gas dose measured, in m3/h.

5.5.2 Procedute-of constant concentration method

Gengrally, theramount of the tracer gas is controlled for injection to a zone consisting of fwo or more
spaces in Such a way that the concentration at each space becomes constant and uniformly|distributed,
and the amount of gas dosed is measured. The tracer gas is mixed to keep the concentratfion uniform
so thatthe distribution-in-each zone does not become more than 10 9% The difference between zones
should not be more than 5 %. The amount of air flowing from outside directly to a zone without
passing through the connecting zone(s) can be obtained by the amount of gas supplied and constant
concentration measured.

Figure 8 outlines this test method. It is important that the measured concentration value that can be
used for calculating the ventilation rate shall be virtually the target concentration and stable. In other
words, a measured value transitional to this state shall not be used. It is also necessary to continue
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
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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 may be used and proportional,
integral, or differential control may also be used.
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xO
e v
1 tracer gas . 8 roomB
2 data gathering, gas dose or air collect'@ontrol X elapsed time
3  gas dose|apparatus O Y1 concentration
4 gas concpntration measuring in@rment Y2 gas supply
5 mixing fan \% a  Notrecommend to be used.
6  fluctuatipn in ventilatio o’oz/ved b Usable measured value.

@Eure 8 — Overview of constant concentration method

?\
2

6 Accuraey

6.1 General

Based on the concentration of the tracer gas, the accuracy of the ventilation rate or specific airflow rate
obtained from the formulae in this clause are subject to the following factors:

— dose procedure 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, outside temperature, and the schedule of the HVAC system.
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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 or
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 or 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.

6.2

Tracer gas dose procedure and room concentration distribution

Acco
by th
ventj
has 4
effec

6.3

Inap
ina
can §
used

6.4

6.4.1

It is
accu
attri
conc
discy

6.4.2

The
trace

6.4.3

A trg
conc

le tracer gas dose method and the airflow characteristics may provide errors-An-t

lation rate. In cases of the pulse method and continuous dose method, an erroftliir tra
direct effect on ventilation rate so it is important to control the accuracy. Refer'to Cla;
ts of room concentration distribution on estimated ventilation rate.

Tracer gas sampling and storage method

bropriate positioning of the tracer gas sampling points can have-dmajor effect on the cq
vone and the ventilation exhaust. Caution should also be exércised because concentr
ometimes occur due to adsorption depending on the collécting piping material and g
concentration. Refer to 5.5 concerning collecting piping materials.

Tracer gas concentration measuring instruments

General

extremely important to control the accuracy of the tracer gas analyser for perfor
rate concentration measurements.\The tracer gas analyser should be determine
butes such as its resolution, accuracy, and drift, and in view of the relationship with tH
bntration used. To maintain its aectiracy, it shall also be calibrated when appropriate. T
|sses accuracy control of the tracer gas analyser.

Resolution

r gas analyser, The minimum concentration to be used should be at least 20 times the

Tracer. gas analyser drift

cer gas:densitometer with minimal drift should be selected for long-term measuring|
erif about the effects of drift, the standard gas (calibrated standard gas for which the cq

is kn|

rding to the measurement method shown in Table 1, the room concentration distribytion caused

e estimated
cer gas dose
1se 5 for the

ncentration
ation errors
as type and

ming highly
d based on
e tracer gas
he following

minimum tracer gas)concentration to be used should be decided based on the resolution of the

resolution.

If there is a
ncentration

own) concentration should be measured at any time and the measured data correctsd

d. However,

when the error rate of the read value exceeds 5 % of the standard gas, the measured value shall not be
corrected but the measuring instrument (zero and span adjustment) should be calibrated instead of
correcting the measured value.

6.4.4 Accuracy of tracer gas analyser

It would be preferable to select a tracer gas analyser so that the difference in gas analyser output
concentration and standard gas concentration when measuring the calibrated standard gas is no more

than

© ISO

5 % for the concentration of the used range.

2017 - All rights reserved

29


https://standardsiso.com/api/?name=1958f75f883658ae7f5a7bd06cd90513

ISO 12569

:2017(E)

6.4.5 Calibration of tracer gas analyser

The tracer gas analyser should be calibrated at least at two concentrations (two 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 shall 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. H
correction i

6.4.6 Standard gas concentration

The concent
at a probabi

As outlined
ventilation

caution shag
appropriate

6.5 Chan
conditioni

It is possibl
speed, outd
the zone tai
temperatury
change diffg
system, suc}
Before meaj
measuring I

7 Testreport

7.1 Gene

The report 4

owever, 1T the error caused by driit exceeds 5 %, the preference would be to not pen
ut conduct measuring again after calibrating the analyser.

ration of the standard gas used for calibration shall be +3 % of the indicatéd concentr
ity of 95 %.

it is vital that concentration measuring should be highly accurate in order to me3
rate with a high degree of accuracy. However, in view of the mature of error propagg
uld be exercised to ensure highly accurate measuring,<by investigating before
measuring conditions such as measurement time period-and volume of gas generating

pes in outside wind and outdoor air temperatire and schedule of air
ng system

e that the changes in ventilation rate can gceur in response to changes in outside

por air temperature, room temperature, anid the schedule of the air conditioning systq
geted. Corresponding to how ventilatién is determined primarily by driving force (|
e difference between zones, and mechanical equipment), the ventilation rate change
rently. Even in mechanically ventilated rooms, depending on the type of air conditig
1 as when it is a variable air voltume system, it can also be affected by outside wind sj
uring, ventilation rate variability should be investigated and if changes are anticipat
nethod that permits ventilation rate changes should be selected (see Table 1).

ral

hall include the following information:

a) ISO nu

[

particularly focusing on building structure and its envelope;

bet and the information about specific conditions where measurements were

form

htion

sure
tion,
hand
rate.

wind
m in
wind
b can
ning
beed.
ed, a

hade,

b)
‘)
d)
e)
f)

data col

information about ventilation, the air conditioning system and openings for ventilation;
description that the measurement was made as per the specifications set forth;

measurement method and instruments employed;

lected and results of measurement;

date of measurement.

The following subclauses show examples of the content in the report for each of the above items.
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Details necessary to identify the simulation tested

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

Building information: name, address.

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.

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

Details of heating and ventilation systems
Heating, ventilation and air conditioning system: the type, capacity, and mode of yentilgtion.
Mechanical ventilation: the type, number, capacity, and locations of fans.

Natural ventilation: the type, dimensions, number and locations of, doors, windowss, openings,
himney 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

hermography.
Test conditions and apparatus
Purpose of the test.

[est method: concentration decay, continuous dose, or constant concentration.

Distribution of tracer gas: the type ofigas, method of injection, volume of initial injectipn, injection

locations, initial concentration, metering or volume measurement system, injection

q

q

$ampling of tracer gas: lgcation of sampling sites, method of spatial testing, sampl

oncentration, and method of distribution.

initial sampling time, méthod of sampling, and method of testing from dilution or cont3
the zone and sampling system.

(ras analyser: type-of analyser and the date, method, and results of its calibration.

Data acquisition and control: the format for obtaining and recording date; for t
¢oncentration test method, report the type of equipment and algorithm used to control

Ancillary measurements: the method used for obtaining indoor and outside te

rate, target

ng interval,
Imination in

he constant
the process.

mperatures,
ion of wind

ind>speed and direction, and other meteorological observations; height and locat

Collected data and results

Record of tracer gas injection: the time, place, and amount.

er positions.

Record of tracer gas concentration: the time, location, and concentration of specimens obtained for

the following tests: contamination, uniformity of concentration, equilibrium, and speci

fic airflow.

Calculation of specific airflow: the type of calculation, time period for calculation, calculation of N

or Qy from concentration and injection data.
NOTE When calculating the uncertainty, see Annex A.

Ancillary information: wind speed and direction, indoor and outside temperatures.
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7.6 Date of the test

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

Confidence intervals

General

This
detel
vent]
metH

The
venti
inter

A2

The

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

metH
a cor

The
C, as

coefflicient for the independent variable ¢

The

rate,
valug
mea

regrq

Tr:
Assuming errors in the-regression equation are normally distributed, the standard ¢

annex discusses the confidence levels and confidence intervals for the specific
'mined by the multi-point decay method, which is a type of concentration decay
lation rate determined by the average concentration method, which is a type of cont
od, and the ventilation rate determined by the constant concentration method.

hccuracy of the ventilation rate obtained as a result is expressed using ‘statistical prd
lation rates are expressed within a range with a probability. The-range is called thg
val and the probability is called the confidence level.

Multi-point decay method

concentration resulting from ventilation may change\with time, and the regressio

od. Using the following procedure, the level of cenfidence for the specific airflow rate
stant value is expressed statistically. Details en the regression method are given in Re

‘egression method applies each measuredtime, t;, as an independent variable, and co
an induced variable, resulting in the(specific airflow rate, N, calculated from thg

predicted standard error, E\, for_the regression coefficient corresponding to the spe

N, is then calculated. The standard error is the square root of the variance of the

s calculated (sample mean);'i.e. it is the standard deviation of the sample mean an
ariance.

bssion coefficienteorresponding to the specific airflow rate, N, is found from Formula

hirflow rate
method, the
inuous dose

cedures, i.e.
b confidence

h method is
point decay
, N, given as
ference [2].

ncentration,
regression

cific airflow
mean of the
1 shows the
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he measured value of loge Cj;
he estimated value of loge Cj;
he measurement time for each sample, in s or h;

he average value of the measurement times, in s or h;

he number of samples.

ation

of measured

The varianc
in which thd
degree of fr
two regress

The confide
k units of th|

’I}'ncfpd hy the dpgrpp of freedom k—2 ofthe errorin the regression equation fora pnpnl
sample, that is, the concentration error, when it is assumed to be normally distribute

e in concentration for the population is not known beforehand, so it is substituted fo

variance in the measured values for the concentration, that is, the sample is divided b|
bedom k - 2. Two is subtracted because two degrees of freedom were use@d-te calculat]
jon coefficients.

hce limit Fyy for the specific airflow rate, N, for a level of confidenceof-100(1 - a) againg
e sample group is expressed as Formula (A.3) using a t-distributioti'table because the

of freedom ¢f Ey is k - 2.

Here, the t-(
not a value (

Fy(t)=

where

listribution table (see Table A.1) is used because the sample’size is not that large and
lirectly calculated from the measured value.

N+Ey -t(k-2,1-0)

the value obtained from a t-distributien‘table;
the confidence level of N;

the number of samples.

Table A.1 — t-distribution table

.

that
y the
e the

t the
level

EN is

(A.3)

Freedgm level 0(

0,1 0,05 0,025 0,01 0,005
1 3,078 6,314 12,706 31,821 63,657
P 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
5 476 2,015 2,571 3;365 #4032
6 1,440 1,943 2,447 3,143 3,707
7 1,415 1,895 2,365 2,998 3,499
8 1,397 1,860 2,306 2,896 3,355
9 1,383 1,833 2,262 2,821 3,250
10 1,372 1,812 2,228 2,764 3,169
15 1,341 1,753 2,131 2,602 2,947
20 1,325 1,725 2 2,086 2,528 2,845
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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.
Here, the second item in the numerator on the right is organized in the form of a fraction in which mean

k
lzci has been altered.
ki 1

=

k koY

AW _(ZQ)
2 =1 i=1

B k(k-1) (A-4)

The tonfidence level is, for example, @ = 0,05 and 1 - @ = 0,95. By t-distributiof; the uppdr and lower
limitk of C in relation to the mean of Cin t(k - 1, 1 — a) are calculated using Forriulae (A.5) and (A.6).

s ~ N
Gy =C+t(k-1,1-a)- — (A.5)
| ~ S
Crow =C—t(k-1,1-0)- — (A.6)

where

YT

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

1-a isthe confidence level of C .

If the equilibrium tracer gas concentration-is known and it is assumed the variance for trager gas dose
m, cgn be ignored, then the values corréesponding to @, can be found using Formulae (A.7) gnd (A.8).

m
Qyup =—— (A7)
Cup
m
()v,low =— (A.8)
Clow

A.4 | Constant-concentration test method

This|procedure has built-in indicators of bias and precision when performing calculatiops. Ctarget is
sought, 40 this value may be compared with C to calculate bias. The precision of C may be gstimated by
calcylating the estimate of variance using Formula (A.4).

Confidence levels at @ and 1 - a is 0,05 and 0,95, for example. Because the sample size is in general not
that large, the mean value of € and the upper and lower limits for Cin t (k- 1, 1 - a) should be calculated
using Formulae (A.5) and (A.6), using t-distribution where the level of freedom is k - 1.

Analysis of the confidence interval for Q) is performed in accordance with the algorithm that relates
C(t) to m(t).
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Annex B
(normative)

Method to estimate ventilation rate Q, and effective mixed zone

B.1 Gene€

This metho

volume Ve, simultaneouslyl31[4]

ral

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

htion

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

zone volum
changes and
ventilation f

B.2 Adva

a)

b)

d)

f)

36

Two p3
estimat
the vent
complef

Univers
a multi
conside

This is
method

b are estimated by the least square method from the measured values, of tracer gas
gas concentration changes. The following subclauses explains under the eondition th3
low rate Q, and effective mixed zone volume Ve, are constant in ceftain periods.

ntages and disadvantages of the intermittent dose‘method

rameters, ventilation rate and effective mixed zone_velume, can be simultane
ed. When using a method employing an assumed effective mixed zone volume to esti
ilation rate, if the assumed value is completely wrongythen the ventilation rate may al
ely off the mark. The intermittent method therefore avoids this risk.

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

a statistical method so it is robust,to the ill effects of different types of error an
can be rationally used to evaluate errors in estimated results. The principle relies o

least s
control
in Figur
multipld
proper

It is pos
betwee
for obtad
enable
calculat

are method so it is robust.to probable errors in value. The actual cause of the er

e B.1, but this is also expressed as aresidual error in the equation. The present method
e regression analysis-and a similar residual error analysis procedure, thereby enabl
pvaluation by such errer cause.

sible to also follow changes over time in ventilation rate, etc. and to determine differe
n the actual phenomenon 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
t the

busly
mate
50 be

also
wving

1l the
n the
or is

ed by a difference betweentthe actual phenomenon and the mathematical model as shown

uses
ing a

nces
hired
rould

he deterimination of the changes over time in the same way as when the moving aver3
ed. Ifthere 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

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.

Comparatively, intricate measured data analysis is required. Measured data analysis that works
out simultaneous formulae 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.

dV g ()

gas

222 () (6)0, (1

NOTE Reproduced from Formula (9).

Yemz ——=Q, (Co—C)+m (B.1)
dt
where

Co  isthe tracer gas concentration in the outdoor air;
Vemz is the effective mixed zone volume;
D,  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.af an existing multiple regression analy$is program.
Assuming the Vemz and Qy, parameters are not kn@wn and the tracer gas dose m is known, the tracer gas
doselis moved to the left, and the unknown member for calculation is moved to the right.

dac
1tm==Vy. ., -E+QV (Co—C) (B.2)

The fegression 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 explainled variables
expressed as x1 and xp, the regression coefficients related to these are defined as a; and dz. Normally,
the constant member agp-introduced may be regarded as 0.

/=al~X1 +a2'X2 (Bg)

Formulae (B&2)fand (B.3) are compared. -m corresponds to y, —Vemz corresponds to| aj, and Qy
corr¢sponds-t0 az. —dC/dt corresponds to the explained variable x1, but (Cp - C) correspopds to x3. In
the multiple regression analysis, it is necessary to obtain many of the explained variables and the target
varigblejysets that correspond to them as measured or observed values under various condiFions.

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).

Ji

k-1)At dt

kAt
(k-1)A

kAt

_I (k-1)At

At dC

mdt =V, (B.4)

de+Q, [~ (Co—C)dt

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 t
from linear

at errors are not exacerbated even with linear interpolation. The approximate inte
nterpolation in each item in Formula (B.4) are defined by smy, ,Cx, and sCk.

prals

kAt At
gmy = k_l)Atmdt57-{m(kAt)+m[(k—1)At]} (B.5)
kAt
Cy = dc=C(kAt)-C|(k-1)At B.6
k= Jyac (kat)=c[(k-1)ar] (B.6)
KAt _ At
s Cx :.[(k—l)At(CO —C)dt:7[C0 (kat)—C (kAt) [+[ Co (k—1) At |- (k=1)Ac ] (B.7)
From this, Formula (B.4) can be re-written into Formula (B.8):
_smk:Vemz'(_bCk)+Q'<ka) (B.8)
If Formula [B.8) is compared to the multiple regressign equation of Formula (B.3), the method for
calculating each variable in order to apply the existing multiple regression analysis program becpmes
evident.
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B.6 Method using an existing multiple regression analysis calculation program

For Formula (B.8), if a combination of n¢ units of measured data from temporal spatial k
obtained and arranged in a matrix row, Formula (B.9) is the result:

—omy ] (=5C1)(sC1) |
—.m, | |(=6C2).(sC2)
—sM3 (=bC3).(sC3)

|~s Mnt (_ant)'(ant)

By n¢tation in a normal multiple_regression analysis, this is expressed as Formula (B.10):
N=X-4A

=1tontis

(B.9)

(B.10)

Heref the content of A in particular is t[Vemz, Qy]. Also, the warking formula of parametef A becomes

Formula (B.11):

A:[g‘;m]:(fx-x)_l ~(tX~Y)

(B.11)

A spgcial calculation program does not need:t¢’ be created for this calculation and erfor analysis
becapise the existing multiple regression analysis program is performed. However, it is necessary to
preppare each variable calculated by Formulae (B.5) to (B.7) using a spread sheet, for example. Also,

as shown in Figure B.2, accuracy can be estimated using equation residual analysis that i
using Formula (B.1) from the estimated*Vemz and Q,.

A
A
(|~
/ /\\ 7Lj\\

Y14

s calculated

>y

a) Response of concentration
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Y2 4
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b) Dosing of the tracer gas '\q’

Key c)
X elapsed fime Oi\\
Y1 concentifation {<
Y2 gas infugion flow rate QQ

A time intgrval segmentation using linearly interpolated approximatim\\
a  The areals of the original rectangle and approximated trapezium aré.the same.

%
&
Figure B.1— Time interval segmentation for obtain@ multiple regression analysis variables
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1 difference between predicted and measured
X  elapsed time
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Figure B.2 — Gas concentration changes and their differences
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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) dlistribute a suitable amount of the gas from as many places as possible;

f) establish 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 outdoor air concentration change during
the measurement period

D.1 Wheh temperature and tracer gas concentration in a single zone are
homogengous

Temperaturg and tracer gas concentration in a single zone can be maintained homegeiteous by the use
of mixing faps, then Formula (D.1) for the conservation of the mass of tracer gas is.applied.

NOTE Tgmperature in a zone is homogeneous, so the exhaust temperature is equal to the temperatyre in
the zone.

d ([t t st t

E( PifVemsz ) = pm'+ poKoQoi — piKQjo (D.1)
where

tp; is the density of tracer gas in the zone, in kg/m3;

tpo is the density of tracer gas in the outdoor air, in kg/m3;

tp is the density of tracer gas during tracer;gas injection, in kg/m3;
K is the volume concentration of tracer'gas in the zone, in m3/m3;
Ko is the volume concentration oftracer gas at outdoor air, in m3/m3;
m' is the tracer gas dose, inm3/h;

Qoi is the ventilation rate from the outside to the zone, in m3/h;

Qio is the ventilatiod Tate from the zone to the outside, in m3/h.

Formula (D.[l) can bereplaced by Formula (D.2) using the Ideal Gas Law for the tracer gas:

d KVem_zLﬂ'Jr KoQoi KQjp
dt T; } T T, T;

D.2)

where

T; isthe temperature in the zone, in Kelvin (K);
To is the outside temperature, in Kelvin (K);

T  isthe tracer gas supply temperature, in Kelvin (K).

42 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=1958f75f883658ae7f5a7bd06cd90513

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Measurement method and its selection
	4.1 General
	4.2 Concentration decay method
	4.2.1 Principle
	4.2.2 Two-point decay method
	4.2.3 Multipoint decay method
	4.2.4 Step-down exhaust concentration method
	4.2.5 Pulse method
	4.3 Continuous dose method
	4.3.1 Principle
	4.3.2 Average inverse concentration method
	4.3.3 Average concentration method
	4.3.4 Stationary concentration method
	4.4 Constant concentration method
	4.5 Type of tracer gas
	4.6 Measurement apparatus
	4.6.1 General
	4.6.2 Tracer gas dosing device
	4.6.3 Tracer gas sampling apparatus
	4.6.4 Gas analyser
	5 Procedure
	5.1 Building preparations
	5.2 Ancillary measurements
	5.3 Concentration decay method
	5.3.1 Calculation of two-point and multi-point methods
	5.3.2 Procedure of two-point and multi-point methods
	5.3.3 Calculation of step-down exhaust concentration method and pulse method
	5.3.4 Procedure of the step-down exhaust concentration method and pulse method
	5.4 Continuous dose methods
	5.4.1 Calculation of average of inverse concentration method
	5.4.2 Procedure of average of inverse concentration method
	5.4.3 Calculation of average concentration method
	5.4.4 Procedure of average concentration method
	5.4.5 Calculation of stationary concentration method
	5.4.6 Procedure of stationary concentration method
	5.5 Constant concentration method
	5.5.1 Calculation of constant concentration method
	5.5.2 Procedure of constant concentration method
	6 Accuracy
	6.1 General
	6.2 Tracer gas dose procedure and room concentration distribution
	6.3 Tracer gas sampling and storage method
	6.4 Tracer gas concentration measuring instruments
	6.4.1 General
	6.4.2 Resolution
	6.4.3 Tracer gas analyser drift
	6.4.4 Accuracy of tracer gas analyser
	6.4.5 Calibration of tracer gas analyser
	6.4.6 Standard gas concentration
	6.5 Changes in outside wind and outdoor air temperature and schedule of air conditioning system
	7 Test report
	7.1 General
	7.2 Details necessary to identify the simulation tested
	7.3 Details of heating and ventilation systems
	7.4 Test conditions and apparatus
	7.5 Collected data and results
	7.6 Date of the test
	Annex A (normative)  Confidence intervals
	Annex B (normative)  Method to estimate ventilation rate Qv and effective mixed zone volume Vemz simultaneously[3][4]
	Annex C (informative)  Considerations when measuring the ventilation rate of large spaces
	Annex D (informative)  Effects of internal and external temperature difference, temperature change, and outdoor air concentration change during the measurement period
	Annex E (informative)  Estimation error minimizing method in two-point and multi-point decay methods
	Annex F (informative)  Propagation of error analysis
	Bibliography

