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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.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further—-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all su¢h-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as wellvas information about ISO's aglherence to
the World Trade Organization (WTO) principles in‘the Technical Barriers to Trade| (TBT), see
www.iso.org/iso/foreword.html.

This|document was prepared by Technical Comntittee ISO/TC 142, Cleaning equipment for @ir and other
gases, in collaboration with the European Cemmittee for Standardization (CEN) Technical Committee
CEN/TC 195, Cleaning equipment for air and other gases, in accordance with the Agreement pn technical
cooperation between ISO and CEN (Vienha Agreement).

This|second edition cancels and replaces the first edition (ISO 29462:2013), which has been technically
revided.

The main changes are as follows:
— subclause 4.2 has been modified;
— gome editorial’eorrections have been made.

Any feedbackwor'questions on this document should be directed to the user’s national standprds body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The purpose of this document is to provide a test procedure for evaluating the in situ performances
of general ventilation filtration devices and systems. Although any filter with a filtration efficiency at
or above 99 % or at or below 30 % when measured at 0,4 um can theoretically be tested using this
document, it can be difficult to achieve statically acceptable results for these type of filtration devices.

Supply air to the heating, ventilation and air-conditioning (HVAC) system contains viable and non-viable
particles of a broad size range. Over time these particles cause problems for fans, heat exchangers and
other system parts, decreasing their function and increasing energy consumption and maintenance.
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Field testing of general ventilation filtration devices and
systems for in situ removal efficiency by particle size and
resistance to airflow

1 Scope
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Normative references

document describes a procedure for measuring the performance of general ventilation
es in their end use installed configuration. The performance measurements-inely
ency by particle size and the resistance to airflow. The test procedures includé the dg
Fting of the system airflow.

brocedure describes a method of counting ambient air particles of 0,3 pim’to 5,0 pm u
1stream of the in-place air cleaner(s) in a functioning air handling systent. The procedu
eduction of particle counter data to calculate removal efficiency by patticle size.

filter installations vary dramatically in design and shape, a protocol for evaluating th
ite for filter evaluation and for system evaluation is included. When the evaluated sit
the minimum criteria established for system evaluationsthe'performance evaluation o
Iso be performed according to this procedure.

document also describes performance specifications for the testing equipment
bdures for calculating and reporting the results. " This document is not intended fo

cted filtration efficiency at or above 99 % ar4dt or below 30 % when measured at 0,4 p

e are no normative references inthis document.

[erms, definitions, and abbreviated terms

Terms and definitions
he purposes®©fthis document, the following terms and definitions apply.
nd IEC maintain terminology databases for use in standardization at the following adc

SO-Qriline browsing platform: available at https://www.iso.org/obp

air cleaning
de removal
finition and

;ﬁﬁstream and

e describes

e suitability
e conditions
fthe system

and defines
' measuring

rmance of portable or movable room air cledners or for evaluation of filter installatjons with an

m.

Iresses:

3.1.1

air filter bypass
proportion of the challenge air stream that passes around an air cleaner without interacting with the
air cleaner (test device)

[SOURCE: ISO 29464:2017; 3.1.3, modified — The preferred terms "bypass" and "sneakage" have been
deleted and "(test device)" has been added.]

3.1.2

airv

elocity

rate of air movement at the test device

Note

©ISO

1 to entry: It is expressed in m/s (ft/min) to three significant figures.
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[SOURCE: ISO 29464:2017, 3.1.2, modified — “at the test device” has been added to clarify the location,
"fpm" has been changed to "ft/min".]

3.1.3

allowable measurable concentration of the particle counter

fifty percent of the maximum measurable concentration as stated by the manufacturer of the particle
counter (3.1.12)

[SOURCE: ISO 29464:2017, 3.2.115]

3.14

coefficient pf variation
Cy
standard dejviation of a group of measurements divided by the mean

[SOURCE: IS0 29464:2017, 3.2.31]

3.1.5
coincidence error
error which| occurs because at a given time more than one particle is contained’in the measurement
volume of a particle counter (3.1.12)

Note 1 to entry: The coincidence error leads to a measured number concentration which is too low and a valpe for
the particle diameter which is too high.

[SOURCE: IS0 29464:2017, 3.2.32]

3.1.6

diluter
dilution system
system for rleducing the sampled concentration to avoid coincidence error (3.1.5) in the particle coyinter
(3.1.12)

[SOURCE: IS0 29464:2017, 3.2.46]

3.1.7
filter effici¢ncy
fraction or percentage of a challengecontaminant that is removed by a test device

[SOURCE: IS0 29464:2017, 3.1.12y-modified — The preferred term "efficiency" has been deleted.]

3.1.8
filter installation
filtration dgvices and.systems such as a single filter or a group of filters mounted together with the
same inlet ajnd outlétof air

[SOURCE: 1§0,29464:2017, 3.2.85]

3.19

general ventilation

process of moving air from outside the space, recirculated air, or a combination of these into or about a
space or removing it from the space

[SOURCE: ISO 29464:2017, 3.2.100]

3.1.10

isoaxial sampling

sampling in which the flow in the sampler inlet is moving in the same direction as the flow being
sampled

[SOURCE: ISO 29464:2017, 3.2.104]
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3.1.11

isokinetic sampling
technique for air sampling such that the probe inlet air velocity (3.1.2) is the same as the velocity of the
air surrounding the sampling point

[SOU

RCE: ISO 29464:2017, 3.2.105]

3.1.12
particle counter
device for detecting and counting numbers of discrete airborne particles present in a sample of air

[SOU

RCE: 1SS0 29464:2017 32 114]

3.1.1
part
defin

[SOU

3.1.1
refel
dry 1

3.1.1
rems
remd

ratio
the f

[SOU
adde

3.1.1
resig
diffe

Note

[soy
diffe

3.1.1
systq
remd
mea

[soy

3
icle size range
ed particle counter (3.1.12) channel

RCE: [SO 29464:2017, 3.2.137]

4
rence filter
hedia-type filter that has been laboratory tested for removal efficiency by particle size

5
pval efficiency by particle size

pval efficiency

of the number of particles retained by the filter to-the number of particles measured
Iter for a given particle-size range

RCE: ISO 29464:2017, 3.2.149, modified —The preferred term "removal efficienc
d.]

6
tance to airflow
Fence in absolute (static) pressure’between two points in a system

1 to entry: Resistance to airflow'is measured in Pa.

RCE: 1SO 29464:201%-3:1.36, modified — The preferred terms "differential pressure
rential” and "pressure-drop” have been deleted.]

7
em efficiency

val efficiency (3.1.15) of a filter system where upstream and downstream pa
urements/may be across several filter banks or other system components

RCE:ISO 29464:2017, 3.2.163]

3.1.15)

upstream of

/" has been

", "pressure

rticle count

3.1.18

HEPA filter
filters with performance complying with requirements of filter class ISO 35H to ISO 45H as per
1SO 29463-1

[SOU

3.2

AHU
D/S

©ISO

RCE: I1SO 29464:2017, 3.2.84]
Abbreviated terms

air handling unit

downstream of test device
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HVAC
OPC
RH
u/s
VAV

VFD

:2022(E)

heating, ventilating and air-conditioning
optical particle counter
relative humidity

upstream of test device

variable air volume

variable frequency drive

4 Test e(

4.1 Parti

The particle
minimum o
0,5 um to 1
particle cou

4.2 Dilut

A dilution sy
maximum ¢
aerosol con
Choose a su
the allowab
(see 9.1.2). 1]
The dilution

4.3 Pump

A pump may
not necessa
In this case

4.4 Samp

4.4.1 Gen

Figure 1 shd

Juipment and setup

cle counter

counter should be capable of measuring particles in the size range 0,3/ pim to 5,0 um|
four ranges with a minimum of two ranges below 1,0 um (for example: 0,3 um to 0,]
0 um, 1,0 um to 2,0 pm and 2,0 um to 5,0 um). For maintenance/and calibration g
hter, see 4.9.

eT

stem is required if the upstream aerosol concentrationexceeds 50 % of the particle co
pncentration at 5 % coincidence error. The dilutionysystem shall be capable of dilutin
fentration so the particle concentration level is‘within the acceptable concentration

itable dilution ratio so that the measured concentration of particles is within the lim
e measurable concentration of the particle’counter so as to achieve good statistical

system shall not change air flow to the particle counter.

 be used to control the rateyof the sample flow (g ) through the sampling probes. A puj

fhe sample flow (g,) @nd-the counter flow (q,,¢) are the same.
ling system

eral

wstheelements of a typical sampling system.

ina
pum,
f the

nter

the
imit.
its of
data

f a dilution system is used, it shall be used for both upstream and downstream sampling.

np is

'y when the counter flo (g, ) to the counter or diluter is sufficient for isokinetic sampling.
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Key
1 tlest device 7  particle counter
2 U/Sprobe 8 \pump
3 /S probe 9  flow meter
4  manometer a  g,-primary flow
5 d4ample valve b qpc - flow to particle counter
6  isokinetic sampler
Figure 1 — Sampling system
4.4.2 Sampling probes
The $ampling probe shotild consist of a sharp-edged nozzle connected to the sample line lg

auxiliary pump or particle counter. The diameter of the nozzle is dependent on the samplg

orde

4.4.3

1
5
N

N

o

i b 7
Sl —
;

8
29
i

I to get isokin€tic sampling. The diameter should not be less than 8 mm.

Sampling lines

Sam]Pling lines upstream and downstream should be of equal length and as short as poss

ading to the
flow (g¢) in

ble to avoid

losses. Material should preferably be oI a Type with minimum particle losses for Iilter 1

Software is available to calculate line losses[2l.

4.4.4 Sampling locations

nstallations.

Sampling locations should be placed close to the filter as shown in Figure 2. If the system efficiency is
to be tested, the sampling locations should be further away to achieve good mixing of airflow through,
e.g. filters, frames, doors. The measurement of the system efficiency is more difficult and therefore it is

good

©ISO

practice to plan the measurement carefully and describe in detail how it was made.
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Dimension in millimetres

]
il

A
[«)}
Juiy
(=]
1
w
=]
vl

Key
minimurh distance between the sampling probe and the filter
distance|between the end of the filter and the sampling probe
location pf sample points in y-z plane for filter efficiency tests
U/S sampling probe location

D/S sampling probe location for a filter efficiency test

W N R O >

D/S sampling probe location for a system efficiency test

Figure 2 — Sampling locations

4.4.5 Valye (manual or automatic)

A valve may| be used to switch between upstream and downstream sample locations. The valve should
be constructed so that particle losses are identical in upstream and downstream measurementp. No
influence o1] efficiency due to the valve construction is:pérmitted (for example, four-point ball valyes of
sufficient dipmeter can be used).

4.4.6 Isogxial sampling nozzle

If a pump (ske 4.3) is used to obtain isokinetic sampling, the sample line should then be fitted with an
isoaxial sanjpling nozzle directly connected to the particle counter or diluter as shown in Figure 3

b

T

Key
a2 Pump flow.
b qpc — flow to particle counter.

¢ g, -sample flow.

Figure 3 — Isoaxial sampling line to particle counter
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4.4.7 Flow meter

A flow meter is necessary if a pump is part of the sampling system. The flow meter should be located
in-line with the pump inlet or outlet.

4.5

Air velocity measurement instrument

The instrument used to measure the air velocity should have sufficient operational limits such that the
system airflow is within the limits of the instrument. The instrument should be chosen in accordance
with ISO 7726. An instrument that records data values and averages those values is recommended.
Ideally, the instrument should have the ability to correct measurements to standard sea level

atmgd

4.6

The i
such
ISO 7

4.7

The
oper

spheric pressure conditions.

Relative humidity (RH) measurement instrument

nstrument used to measure the RH of the system airflow should have sufficient operal
that the system RH is within the limits of the instrument and should bechosen in acc
726. An instrument that records data values and averages those values over time is req

Temperature measurement instrument

instrument used to measure the temperature of the §ystem airflow should hay
htional limits such that the system temperature is withid the limits of the instrumen

be chosen in accordance with ISO 7726. An instrument, that records data values and avq

ional limits
dance with
ommended.

e sufficient
L and should
rages those

operational
be chosen in
values over

valugs over time is recommended.
4.8 | Resistance to airflow measurement instrument
The jnstrument used to measure the resistance of the filter bank should have sufficient
limits such that the filter bank resistance is within the limits of the instrument, and should
accordance with ISO 14644-3. An instrument that records data values and averages those
timelis recommended.
4.9 | Test equipment maintenance and calibration
Maintenance items and schedules should conform to Table 1.
Table 1 — Apparatus maintenance schedules
After a change that
. . Incorporated
Maintenance item . Annually can alter
into each test
performance
Particle counter zero check X
Sampling system zero check
Resistance to airflow X
Air velocity X
Temperature, RH in sample air
. X
stream and at particle counter
Upstream concentration test X
Reference filter test (field) optional
Reference filter test (lab) X X
Particle counter primary
. . X X
calibration
a  Orasrequired by the equipment manufacturer.
© IS0 2022 - All rights reserved
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Table 1 (continued)

After a change that
. . Incorporated
Maintenance item . Annually can alter
into each test
performance
Temperature, RH, air velocity,
resistance to airflow equipment Xa X
calibration
Dilution system ratio check X X
Check sample probes for X
damage

[

Or as required by the equipment manufacturer.

5 Site eyaluation

5.1 Genefal

This clause |identifies the recommended minimum site conditions for performing a particle removal
efficiency test.

5.2 Filter installation pre-testing inspection

Pre-inspectjon of filters and air handling units is necessary to detérmine whether a filter installation is
suitable for pvaluation using this document. It is also used to gauge whether any potentially hazardous
conditions ¢xist that would exclude or restrict access to the«dirhandling unit.

Items proviged in Annex A are some common items that thay be reviewed during pre-testing inspe¢tion.

5.3 Apprpval for testing

Once the pr¢-testing inspection has been comipleted and the filter installation determined to be suifable
for testing, then the “approval for testing form” should be completed and signed by representatives of
the building owner or manager and the-company performing the testing. A suitable form is shown in
Annex B.

6 Test procedure

6.1 Air velocity

Air velocity|throughsthe filter installation should be maintained constant for the duration of the|test.
This is possjblezfithe fan speed is controllable through variable frequency drive (VFD) or variable air
volume (VAY)boxes and other modulating dampers are not allowed to adjust. In addition, the perce

of outside aifrthesupplyairshottdalsobe keptconstanttoreducefhactuationsinpartictecoun
would influence the test results.

The air velocity at the face of the filters should be measured using the instrument identified in 4.5. Air
velocity measurements can be taken either upstream or downstream of the filters, but downstream is
recommended. Since air velocity can vary significantly over the area of a filter installation, sampling
points should be chosen such that measurements are taken at a minimum of 25 % of the filters and
are distributed uniformly over the area of the filter installation. The measurement device should be
extended away from turbulence caused by personnel or other obstructions. The velocity coefficient of
variation (C,) (see 9.3) should be less than 25 %.

Air velocity measurements should be conducted as close in time to resistance to airflow and removal
efficiency testing as possible. This is to ensure that the system air velocity does not change significantly
between the time of the velocity measurements and the time of the resistance to airflow and removal

8 © IS0 2022 - All rights reserved
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efficiency tests. Air velocity measurements shall be conducted both before and after the removal
efficiency testing, with the velocity measurements averaged.

EXAMPLE

1st test: velocity measurement [average velocity = 2,0 m/s (394 ft/min)]

2nd test: resistance to airflow measurements

3rd test: removal efficiency testing

4th te

st: velocity measurements [average velocity = 2,2 m/s (433 ft/min)]

In thi
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6.2

The
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6.3

The
pass
equij
be m
effici
dowl
Care
rang

6.4

Resis
instr

s EXAMPLE, the reported average velocity would be 2,1 m/s (414 ft/min).

frequent velocity measurements can be taken in systems exhibiting a high degree of y
ity over time.

Relative humidity (RH)

nstrument(s) identified in 4.6 should be used for these measurenments. The RH of the
igh the filter installation is recommended to be within the range of the particle coy
H measurement device used for the duration of the test. If systém efficiency is being
YH should be measured and recorded at the locations of thé upstream and downstr
asuring filter efficiency, the RH should be measured and recorded at one of the loc3
‘feam or downstream probes. In addition, the RH should be recorded at the part
ion. Wet-bulb temperature measurements referenced to the dry bulb temperature
time may be used in lieu of RH measurements.

Temperature

nstrument(s) identified in 4.7 should*be’ used for this measurement. The temperatu
ng through the filter installation should be within the operating range of the parti
bment. If system efficiency is being:determined, the temperature (i.e. dry-bulb tempera
casured and recorded at the locations of the upstream and downstream probes. If mea
ency, the temperature should'be measured and recorded at one of the locations of the

ariability in

air passing
nter and/or
determined,
bam probes.
tions of the
icle counter

taken at the

re of the air
cle counting
fure) should
suring filter
ipstream or

1stream probes. In addition), the temperature should be recorded at the particle counfter location.

should be exercised if temperatures are extreme and/or outside of a normal equipme
b, Particle counts should not be measured if temperatures are below freezing (see Clay

Resistance €0 airflow

tance toairflow across the filter installation should be measured using the resistang
ument(s).identified in 4.8. If existing pressure reading equipment is installed, the r

airfl
are t

statiepre

w equipment may be connected to use the existing installed pressure probes. If exis
0 be utlhzed care shall be taken to ensure the ex1st1ng probes are properly 1nsta11ed

nt operating
se 8).

e to airflow
esistance to
ting probes
to read the
n the probe

should be perpendlcular to the flow with no obstructlons prlor to the probe SO as to create a vortex. If
air is being forced into the pressure probe, it reads velocity pressure instead of static pressure. Do not
use existing probes if they appear to be bent, broken, clogged, non-functioning or not installed properly
so they give an accurate reading of the resistance to airflow from the filters only. If the existing probes
cannot be restored to an acceptable level of functioning prior to the testing, they should not be used.

Ideally, resistance to airflow measurements is recorded for each filter bank separately. However,
in some cases the resistance value recorded is a combination of multiple filters in series as it can be
physically impossible to measure separate resistance to airflow values.

It is good practice to measure at least 25 values for resistance to airflow over at least two total minutes
and then average the measured values to determine the resistance to airflow. The C, should be
calculated and recorded for this data.
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6.5 Removal efficiency

6.5.1 Removal efficiency tests

6.5.1.1 General

There are three types of tests described herein.

6.5.1.2 Filter efficiency

The purpos L Uf thl.) tCDt ;D ‘I:U dctcx lll;llC thc Cff;\-;cll\,_y Uf thc fl}tcl (D) fUl ) ClllUV;lls a;l bUl 11T }Jal thleS.
Downstrearh sampling locations should be chosen such that representative samples of airpapsing
through the|filters are obtained.

6.5.1.3 Syjstem efficiency

The purpos
particles. T}
locations af
passing thr
around the {

6.5.1.4 Of

In addition {
be used to c
and therefol

NOTE In|

e of this test is to determine the efficiency of the filtration system for reémoving airQ
ne filtration system includes the filters and filter-holding frames. Downstream sam
)d/or methods should be chosen such that representative saniples of the total ail
ugh the filtration system are obtained. This includes air passing through the filter;
ilters (i.e. air filter bypass).

her “system” tests

o measuring filtration performance at the air filtration installation, this document carj
pmpare the concentration of airborne particles‘in different sections of an air handling
'e test the air handling system as a whole.

this document the results of other “system’-tests are not referred to as “efficiencies” since the

orne
pling
flow

and

also
unit

term

“efficiency” ifnplies that only particle-removal processes\{and not particle addition) are involved. As the definition

of the “syste
downstream
the downstrd

EXAMPLE

Consider th¢
15t compone
2nd compon
3rd compong

4th compong

m” gets larger due to the addition of gther HVAC system components between the upstrear
locations, significant sources of particles (e.g. from leaks in the air handling unit housing) can
am particle concentrations.

 following air handling trhit:
nt: prefilter installation

ent: cooling ¢oil

bnt: supply)fan

nt:iAfinal filter installation

n and
hffect

In this EXA

DI I 1 1 el 4 £ 41 £l : i DN J 4
NMILL, SAdHIPITS UdIl DT LdRTIT UpPSLITAIIl U LT PITiitch IS tdIIdUUIl dIIU UOWIISTUIT

m of

the final filter installation to determine the difference in airborne particle concentrations across the
four air handling unit components as a group. In this case, the “system” consists of all the components
between the upstream and downstream sampling locations.

6.5.2 Sampling method

6.5.2.1 Particle counter instrument

Particle concentrations should be measured using the particle counter identified in 4.1. The same
particle counter shall be used to measure both the upstream and downstream counts because matching
of counters cannot be guaranteed if field particles are different from the laboratory particles used for
calibration.
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6.5.2.2 Sample volume

Samples for all tests (including the zero test) shall be drawn for the time required to sample 1,0 1
(0.035 ft3) of air or 20 s, whichever time is longer. The recommended sample volume is expected to
provide sufficient particle counts for statistically acceptable results according to Clause 9. For a
removal efficiency value to be calculated, the average upstream concentration for the discrete particle
size should be a minimum of 37 counts per litre (1 048 counts per cubic foot).

In some systems, the minimum sample volume required does not yield statistically acceptable counts
for all particle sizes. In this case, a longer sampling time can be used to improve the statistical validity
of the measurement. It is not always possible to achieve statistically acceptable results in all particle

size

The
effici
stati

dllgts.

sample volume and sample time shall not be changed at any time once particle (
ency has been started. If a change to sampling volume or sample time is necessary
stical validity, the test shall be restarted so that all samples are measured using the

volume and sample time.

6.5.2

Purg
The |
samyj

6.5.2

Befo
filten
conc
foot)

6.5.2

Aftel
aero

.3 Purge sampling lines

ing should be carried out once at the start of each upstream dataset and each downstrg
purge time shall be at least five times the calculated time required for a particle to tra
le probe to the particle counter.

.4 Particle counter zero test

e efficiency testing, the zero count at the particlé.counter should be checked by conneq
directly to the particle counter and measuring'for a minimum of one-minute count. Th
entration of particles in all size ranges shall®e less than 10 counts per litre (280 cour

.5 Concentration limit

verifying the particle counter zero test, it should be established that upstream and ¢
5ol concentrations are within the range of the measuring equipment (particle cour

Conc

ntration sampling ¢an.be measured according to 6.5.2.9. Undiluted samples shall 1

ounting for
to improve
ame sample

bam dataset.
vel from the

ting a HEPA
e sum of the
ts per cubic

lownstream
ter, diluter)
in Clause 9).
ot be taken

andJ\eigh enough to producereasonable statistical accuracy for the results (as determined

The diluter
ye this level.
on ratio.

at c
ident
The 4

ncentrations abovethe allowable measurable concentration of the particle counter.
ified in 4.2 should‘be used to carry out the test if upstream particle counts are aboy
ictual concentration is then calculated from the measured concentration and the dilut

In ad a minimum

averyg

dition to~the maximum concentration limit, each particle size channel should have
hge coneentration as described in 9.1.2.

6.5.2.6") System zero test

After verifying the concentration limit, the system zero count should be checked by connecting a HEPA
filter at the downstream probe location as shown in Figure 4. Take a minimum of a one-minute particle
count through the HEPA filter and downstream sample lines. The allowable maximum concentration of
particles in all size ranges is the greater of 0,05 % of the upstream concentration or 10 counts per litre
(280 counts per cubic foot). An example is shown below.

EXAMPLE

Measured concentration = 35 300 counts per litre (1 000 000 counts per cubic foot)

Maximum leak rate = 0,05 %

Allowable concentration = 18 counts per litre (500 counts per cubic foot)
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1
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2 7
3—= > L]
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—_—
. T—
6
4
Key
1 testdevife 5 valve
2 U/Sprohe 6  particle counter
3 airflow 7  HEPA filter at downstream
4  pump
Figure 4 — Checking zero count at downstream sampling line
6.5.2.7 Ispkinetic sampling

Sampling ej
from the frd

air velocity
changing th
Figure 1). A
acceptable (|

EXAMPLE
(0.51 inches)

dc =V*

rors can occur when the collectig air velocity (i.e. in the sampling probe) is different
e-stream air velocity (i.e. in the air handling unit). To minimize these errors, ensurg that
the samplinig probe(s) is (are) aligned directly (parallel) into the air stream and that the colleftion
is matched to the free-stream air velocity. The collection air velocity can be adjustéd by
e diameter and/or number”of sampling probes or by changing the sampling flow ratq (see
supplemental pump may be used if needed. Isoaxial sampling to the particle counter is

cee Figure 3).

Assume a méastred air velocity of 1,65 m/s (325 ft/min) and a probe diameter of 13 mm

2
’ *n*CSi
4

where

q. isthe calculated sample flow, m3/s (ft3/min);

V ist
d st

C

si

12

he measured air velocity, m/s (ft/min);

he diameter of the sample probe, mm (inch);

is the unit conversion value, 1,0 x ¢ (6,94 x e3).
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In this EXAMPLE, the calculated sample flow is 2,19 x 104 m3/s (0.46 ft3/min). The collection air flow
should be set as close as possible to the calculated sample flow value +20 %.

NOTE I[sokinetic sampling has long been deemed necessary to promote the collection of representative
samples of particles in air. For isokinetic sampling, the velocity in the sampling tube or port is matched with the
velocity in the main gas stream. If the velocity in the sample tube is lower, then errors due to sampling occur
since only a fraction of the air stream in the projected flow area is sampled. Furthermore, if the differential is
too large and the main flow velocities large, some of the dynamic head can increase the static head inside the
tube, leading to further errors. If the sampling velocity is too high, the sample is greater than the projected flow
area. Sampling flows within 20 % of the main flow rate can reduce sampling errors. This range has been found to
be a good balance between the flow variations one encounters in the field and the need for isokinetic sampling.
In addition, using sample probes with aerodynamic entrance cross-sections and without large flat surfaces can

preve

6.5.2

All s
can i
tube
enco
requ
of th
shall
the d
for

6.5.2

The
locat
be af
isre
ther

q

q

1

A hig
effici
avery
the @
Eithd
shou
9.1.2

3t least five samples should-be taken at different locations over the face of a large filter

nt impaction losses, particularly of larger particles.

.8 Sampling system setup

hmple points should be connected to one sampling tube leading to the particle couf
e mounted so it is easy to switch between upstream and downstream~sample lines.
5, valves, and bends should be chosen to minimize particle concentration level chang
lintered within the air stream. It is permissible to use a portablelparticle counter if
rements of 4.1, and the particle counter is positioned in a mannefstich that a represent
b air stream is obtained. A stand (e.g. tripod) should be used to hold the particle countg
not be present in the air handling unit during sampling te~avoid sampling errors ass
isturbance of airflow patterns and sampling of particles®eléased from the operator’s |
ore information.

.9 Pre-screening of particle concentrations

yariability in the particle concentrations hoth in space (i.e. different concentrations
ions over the area of the filter installation}-ahd time (i.e. changing concentrations over
sessed to determine the most appropridaté probe location for conducting the test. To ad
ommended that each of the following:samples be taken at the upstream location prior
emoval efficiency sampling:

it least five samples should be.taken at one location to assess variability with time;

o0 assess variability over space. For small filter installations, fewer locations may be ug

rh degree of varidbility in these data can result in lower precision in the calculatg
encies. As a résult, if the C, (9.3) of either set of measurements is greater than 25 %
hge count fordany particle size channel is less than 50 particles, in which case for thq
[, limit is;50t%) for any particle size channel, then one of the following two actions shoy
r more-than the minimum number of datasets listed in 6.5.2.10 should be taken, or t

noremoval efficiency should be calculated.

iter. A valve
A1l sampling
bs from that
it meets the
htive sample
r. Personnel
bciated with
ody. See 6.1

at different
fime) should
hieve this, it
to initiating

installation
ed.

d fractional

(unless the
se channels
1ld be taken.
he sampling

[d be'\rejected. If for any particle size channel there is a concentration below the limit shown in

6.5.2.10 Dataset

Each dataset shall consist of a minimum of six individual particle samples for each probe location. A
particle sample consists of particle count data for each of the size ranges associated with the particle
counter. Additional particle samples are recommended and can lead to lower uncertainty values as
calculated in Clause 9.

6.5.2.11 Number of datasets

Multiple sample datasets shall be taken to address variability in particle concentrations both in space
(i.e. different concentrations at different locations over the area of the filter installation) and time (i.e.
changing concentrations over time). A minimum of four downstream datasets and three upstream
datasets shall be collected. Datasets shall be collected alternately downstream and upstream,
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starting with the downstream sample. For example, if seven datasets are taken, they shall be taken
in the following order: downstream, upstream, downstream, upstream, downstream, upstream,
and downstream. Additional datasets are recommended and can lead to lower uncertainty values as

calculated in Clause 9.

6.6 Sampling probes

6.6.1 Location of sampling probes

The location of the particle sampling probes should be chosen from locations with consistent and stable

velocity rea
(C, < 25 %).

6.6.2 Loc

Upstream s

ation

inae Tha ymmaaciira dualocityz at tha cananla locatinn chonld havua o conffiainnt of vyosed
HES—Re-eaSturea—veroettyatt+tne-Sapre 1ot oh-Snothtavea— o ettt

htion of upstream sampling probes

pmpling probes should be positioned so that a representative sampleyof the upst

concentratign is obtained. The inlet of the probe upstream of the filter should be locatéd within 61

(24 inches)

6.6.3 Loc

For filter ef
(12 inches)
physically p
if the coils 3

Ipstream of the filter surface as shown in Figure 2.

htion of downstream sampling probes — Filter efficiency test

ficiency tests, the inlet of the probe downstream of the-filter should be located 305
downstream of the filter and at the centre of the filter‘as shown in Figure 2. If it i
ossible to position the sample probe 305 mm (12 inchies) downstream of the filterg
re positioned within 305 mm (12 inches) of the filters), then it is permissible to locat

probe less than 305 mm (12 inches) from the filters, but not within the volume of the filter (e.g. bet]

pleats, pock

6.6.4 Loc

For the syst
downstrean
from the airn
sampling pr
such that a
This includd
require the
from differg
locations sh
Sequential
the filter in{

7 Expre:

ets, or in the filter media).

htion of downstream sampling probes>— System efficiency test

em efficiency tests, the inlet of the.probe downstream of the filter should be located §
1 as possible, but before the next major HVAC system component that can remove par
stream. For example, if the filter installation is followed by cooling coils, the downst
pbe should be located immediately in front of the coils. Samples should be taken in a mg

s air both passing through the filters and around the filters (i.e. air filter bypass). Thi
use of a sample manifold having multiple sampling probes. Alternatively, multiple san
nt single locatiéns over the face of the filter installation can be taken. These sam
ould be unifoimly distributed in space and cover the entire area of the filter installg
[pstream-dewnstream samples should be taken at similar locations relative to the f4
tallation,

ssion of results

feam
mm

mm
5 not
(e.g.
e the
veen

s far
ficles
Feam
nner

epresentative sample of the total airflow passing through the filtration system is obtajined.

5 can
hples
pling
tion.
ce of

7.1 General information

A complete report shall include all the information in the “filter installation pre-testing inspection
form” and the “approval for testing form” (see Table A.1 and Table B.1). A sample of a completed test
report is shown in Annex C with the completed forms shown in Table C.1 and Table C.2. The following
information shall also be included in a complete report:

a) owner information:
— name, address, phone, e-mail;
— Dbuilding;
14 © IS0 2022 - All rights reserved
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AHU;

system description;

b) test/AHU information:

test date and time;
filter installation date;

location of test device(s) in bank;

1 s o | H Ll - s b 1 - 1 . £ e .
SLUIITIIIAUIU Ul clVVllls Ul UICT IIISUdIIdaltlUll DllUVVlllg SAIITPIT PUIILS TUT TTSISLAIILT LU
particle sampling;

whether diluter was used;

probe locations: distance from test device (mm or inch):
— upstream;

— downstream;

whetheradownstream sample manifold having multiple sampling probes was used
a description/drawing/photo)

air supply (% outdoor, indoor or mix);
operation description (daily usage);
filter face area in the system (per bank), m# (ft2);

other remarks (abnormal or unusual-conditions, which can influence the results);

c) ilter description:

filter model(s)/description(s);

part number(s)/identification number(s);

test filter serial number (if not available, show N/A)
filter size(s) and-quantity for each size;

media type (fiberglass, charged synthetic);

media ¢olour(s);

estimated filter media area, m? (ft2);

d) equipment:

particle counter:

— manufacturer and model number;
— calibration date;

— flow rate, m3/s (ft3/min);

— particle size ranges;

© IS0 2022 - All rights reserved
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7.2 Data rcollection

1y
2)
3)

4)

5)

6)

7)

16

The data reIorted shall include the following:

— particle concentration corresponding to 5 % coincidence error;

— temperature measuring device:

— manufacturer and model number;
— calibration date;
— RH measuring device:

— manufacturer and model number;

— rcatibrationdate;

— resistance to airflow measuring device:
— | manufacturer and model number;
— | calibration date;

— air yelocity measuring device:
— |manufacturer and model number;

— |calibration date.

zero coynt data;
pre-scre¢ening of concentration;
air velogity:

i) the|average air velocity value(s) for the filter installation; if measurements are taken bgfore
and after particle readings, values should be reported for before, after and average;

ii) the|C, for each of the air veledity data sets shall be reported;
tempergture:

i) the|temperature-of the air within the system shall be reported;

ii) thel|temperature of the air around the particle counter shall be reported;

RH:

i) thelRHlof the air within the system shall be reported;

ii) the RH of the air around the particle counter shall be reported;
resistance to airflow:

i) the average resistance to airflow value(s) for the filter installation; if measurements are taken
before and after particle readings, values should be reported for before, after and average;

ii) the C, for each of the resistance to airflow data sets shall be reported;
removal efficiency:

i) the average removal efficiency shall be reported by particle size for each particle size channel
within the range 0,3 um to 5,0 pm available from the particle counter;
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channel within the range 0,3 um to 5,0 um available from the particle counter;

0,3 um to 5,0 um available from the particle counter;

the values shall be calculated as shown in Clause 9;

raw data:

i)

tables showing a summary of the data samples should be included in the final repo

the upper and lower uncertainty values shall be calculated and reported for each p

article size

the C, values shall be calculated and reported for each particle size channel within the range

rt;

8 1

8.1

Attenmtion to the possible sources of errors ensures that the measurements are as close t

as p(
treaf]
that
and Y
mini

8.2
High

airflpw. High RH increases the size of hygtoscopic particles. Particles can dry before 1

dete
hum

enhanced test method described in Clatise 10 can be used to correct the result.

8.3

Oper]
lines
rang

is requested to b€ evaluated for these conditions, it is preferable to avoid taking measurem

temp

8.4

iﬁ) the raw count data showing date, time, sample time, and raw counts for each size 1

be available if requested.

rrors and data analyses

General

ssible. This clause addresses the common causes of errors, bab is not intended as aj
ment of the subject. Furthermore, with field measurementsy. many of the conditions
tan lead to errors cannot be controlled (i.e. one takes whatiore gets). Use of replicate mg
mized.

Relative humidity (RH)

RH, typically above 80 %, can cause variations in efficiency and can increase the 1

rtion chamber in the particle countér and have a different size from that at the aj
dity can also change the refractive“index of the particles and influence the measur

Air temperature

ating conditions at ofbelow freezing lead to freezing of permanently installed sampling
and to errors in.particle counter operation if these conditions are outside the norm
b, as well as condensation and freezing of moisture on surfaces. Unless performance o

eratures.

Aeresol composition

ange should

o error-free
| exhaustive
hoted below
asurements

rerification of system stability at least ensures that anysystematic errors in the measufrements are

esistance to
eaching the
r filter. The
ed size. The

r probes and
al operating
f the system
ents at these

Sinc
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he field, the

measured particle size is dependent on the refractive index and shape of the particles. However, one
has little control over the properties of particles in the field. In general, as an overall precaution,
measurements should be avoided when the air stream appears to be laden with dark or deeply
pigmented particles such as soot or visible smoke.

8.5 Uniformity of aerosol concentration

The particle concentration in an installation typically varies with time and space. Such variations can
lead to errors in the data. To minimize such errors, the system evaluation procedures discussed in
Clause 5 and Clause 6 shall be followed. The variability in measured concentrations with respect to
time and space should be reported with the results.
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8.6 Coincidence errors — Particle counter

Coincidence errors in particle counters occur when two particles enter the viewing volume of the
counter and their coincident signals are counted as one larger signal or particle. This is more common
at higher concentrations. Instrument manufacturers generally provide data on the concentrations and
coincidence errors for their instrument. In general, particle concentrations in excess of 50 % of the
maximum concentration at 5 % coincidence error shall be avoided. At these concentrations, a diluter is
required (see 4.2) to reduce the measured concentration to within acceptable limits. As per ISO 21501-1,
the maximum concentration of the particle counter should be known. Note that when a diluter is used,
the calibration of the diluter to each particle size is required for estimating the actual (undiluted)
particle concentration. Nominal dilution ratios are not acceptable.

8.7 Parti

Particle loss
The losses 3
particles mi
results in th

Errors due
downstrean
to the instri

material sample tubes reduce diffusion losses. Loss of larger parti¢les’can be minimized by avo

sharp chang

there are sgooth changes to flow cross-sections. Lastly, isokinetic sampling as discussed in 6.

should be uj

cle losses

es can occur in sampling lines in dilution systems, if used, and in instruments,themsg
re typically significant for larger particles due to impaction on surfaces, while very ¢
nimize losses on surfaces due to diffusion. In practice, losses are notyexpected to 4
e field significantly for particles between 0,3 um to 1,0 um.

to particle losses can be minimized by duplicating the sample\tfain for upstream

1 sampling. The sampling train includes sample probes, tube lengths, and flow configur
iment(s). Minimizing sample tube lengths and the use of metallic or non-charge-reta

les in flow directions, by using ball valves instead of‘nheédle valves, and by ensuring

ed to minimize sample losses at the point of collection.

A quick est
by measuri
question. O
in ambient
aggregate Id
or apply cor

9 (Calcul

9.1 Calcu

9.1.1 General

Each datase
downstrean

g
}:can use the same particle counter used for the field measurement and use the par

ate of particle losses in any section of the-ifnileasurement system can be easily obtz
the particle concentrations before and after the device or section of the sample tra

hir to estimate the losses. If the loss iiv any part of the sample train exceeds 5 % o
ss in all the components exceeds 10.%, it can be necessary to reconfigure the sample
rection factors to the results. Software is available to calculate line losses[2l.

ation of results

lation of removalefficiency

L consists.of multiple samples. Datasets are taken sequentially beginning and ending W
1 dataset and alternating between downstream and upstream as shown in Table 2.

lves.
mall
ffect

and
Ation
ning
iding
that
5.2.7

1ined
in in
ficles
r the
train

rith a

able 2 Sampling cvcle nvnm?le

pPgcy

Sequence number

1 5 11 12

w

4 6 7 8 10

13

Downstream

Dy D, Dy D,

Upstream

Uy Uy Us Uy

9.1.2 Dataset sample average

18
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In each dataset, there is an average of the sample data for each particle size range, calculated as follows:

n
zud,c,i

(_]d,c =
n
n
de,c,i
Dd,c =i=1
n
where

Dy isthe average downstream count for dataset D, for each of the particlé|size ranjges;
74 Isthe average upstream count for dataset U, for each of the partitle size ranges;

Dy.; isthe downstream count for dataset d and particle size rangec;

U;.; istheupstream count for dataset d and particle size range c;

d is the dataset number (either upstream or downstream);
d is the number of particle size ranges;
1 is the number of samples per dataset.

9.1.3 Minimum upstream concentration

In order to calculate an efficiency value, the'average of the upstream particles measured at|the particle
counter for any particle size range should;be greater than or equal to 37 counts per litre (1 048 counts
per dubic foot). If the upstream congentration does not meet this minimum requirement, the removal
efficlency for that particle size range in that dataset shall be reported as “N/A”. The use of a diluter to
redufe the upstream concentratien to a level the particle counter can handle, can cause s¢veral of the
larggr particle size ranges tonet' meet this minimum criterion.

Upstream concentration-average:

Ud,c
ts X4

’d,con =

o~

wherte

JG-con 1S the average upstream concentration for dataset d;

t

S is the sample time of particle counter in min;

q is the particle counter flow rate in litres per min (cubic ft/min);

ﬁd,con >37 counts per litre

or

Ed,con >1048 counts per cubic foot.
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9.1.4 Particle size range efficiency

For each particle size range, there is an efficiency calculated for each upstream dataset as follows:

=[1-

[5¢c+5¢ﬂm]

x100

Ud,c

Ed,c
where

Eqc ist

d st
9.1.5 Ave

The efficien

9.2 Calcu

he removal efficiency by particle size range for each upstream dataset;

he dataset number of upstream dataset.

rage efficiency by particle size

Cy values are then averaged to determine the removal efficiency by particle size as foll

he average of the removal efficiency by particle size range for each upstream dataset v

he number of upstream samples.

lation of uncertainty

9.2.1 Ge

eral

The uncertainty on the average remeoval efficiency as defined in 9.1.4 corresponds to a two-
confidence nterval of the average, value based on a 95 % confidence level. Uncertainty values s}
also be calctfilated for the resistanee to airflow and the air velocity datasets. This statistical calcul

addresses t
due to field

9.2.2 95
The 95 % cd

e variability of this measurement but it is possible that it does not address the varia
hind environméntal changes.

o confidence limit

nfidence limit of the removal efficiency can be determined by:

alue;

tided
jould
htion
kions

&~
(3

b_"lcl,c=Ec—5><
Jn
and
E ] =E;+8x t
ucl,c —Lc¢ -
Jn
! - 2
D (Ec;i—Ec)
5. = i=1
¢ n-1
20
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Elac  is the lower confidence limit;

Eudc is the upper confidence limit;

O, is the standard deviation of the efficiency values for the particle size range;
t is the t distribution variable from Table 3;

n is the number of values;

d is the number of particle size ranges.

9.3 | Coefficient of variation (C,)

The goefficient of variation (C,) is the standard deviation of a group of measiirements diyided by the

mean. The C, shows the extent of variability of data in a sample in relation to the mean of thg

A C, yalue below 25 % is generally acceptable for most measured values;.except where noted.

Table 3 — Distributionvariable

Number of samples Degrees offréeedom t
vsn-1
3 2 4,303
4 3 3,182
5 4 2,776
6 5 2,571
7 6 2,447
8 7 2,365
9 8 2,306
10 9 2,262
11 10 2,228
12 11 2,201
13 12 2,179
14 13 2,160
15 14 2,145
16 15 2,131
17 16 2,120
18 17 2,110
19 18 2,101
20 19 2,093
21 20 2,086
22 21 2,080
23 22 2,074
24 23 2,069
25 24 2,064
26 25 2,060

© IS0 2022 - All rights reserved
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Table 3 (continued)

Number of samples Degrees of freedom t
v=n-1
27 26 2,056
28 27 2,052
29 28 2,048
30 29 2,045
inf. inf. 1,960

10 OptimLal enhanced test system

10.1 Appli

The purposq
laboratory {
laboratory g
This metho
stable, i.e. C|
for that size

Another me
the in situ t
can complef
filter witho
field. Comp4
laboratory d

10.2 Prindg

Using the erj
the efficien
varying mes:
the measurg
using a stan
should be u
preferably H

The enhanc
and valve fd
measure pa

cation of enhanced test system

p of the optional enhanced test system is to offer a method of correlation‘between stan
lest data and in situ test data. By challenging a filter that has been previdusly tested y
onditions with the same ambient aerosol in situ, a correlation of thezdata can be establi
1 should be used only where the measured air velocity and particle concentration
<25 %. The correction of particle sizing can be done only whefte the particle concentr
is statistically stable, i.e. C, < 10 %.

thod of obtaining a laboratory correlation is to remove.a*sample filter from the AHU
esting is complete and send the removed filter to an.independent testing laboratory
e an efficiency test by particle size. The laboratofy should be instructed to test the
1t loading dust or conditioning the filter and "at the average flow rate measured ij
rison of removal efficiency data to the laboratory test data of like particle size also gi
orrelation.

iple of the enhanced test system

hanced test system illustrated inFigure 5, it is possible to measure almost simultane
'y of the filter installation_and a reference filter of equivalent efficiency. The effed
surement conditions can‘thus be reduced. Additionally, the results can be used to co
d efficiencies in relatiof to the efficiency of the reference filter measured in the labor

sed both in the labetatory and with the in situ measurements. The reference filter s}
e of the same typ@and efficiency level as the filter to be in situ tested.

bd test systeém includes three sampling lines so that there is an additional sampling
r the refenence filter upstream of the test device. The aerosol sampling system is us
'ticle_Concentrations alternatively from upstream and downstream of the test devicq

reference fi

calculated bjottofor the reference filter and the test device using the procedures presented in Claug

ter<The timing of the measurement is shown in Table 4. The removal efficiency result

dard
nder
hed.
5 are
htion

after

that
used
 the

ves a

busly
ts of
frect
itory

dardized test aerosol. In order to avoid additional errors, the same optical particle co@inter

1ould

line
d to
b and
S are

e 9.
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Key

1 /S probe

2 D/Sprobe

3 valves

4  particle counter

5_ /L
11
- 1 -——!L
#
oM | |
3
. 3

V4

test device
reference filter

air flow

o~ o G

Figure 5 — Schematic of the.énhhanced test system

Table 4 — Sampling cycles in the enhanced test system

distance from.test device to downstream test local

tion

Sequence number 1 |2 (3 |4 |56 |7 (8 |9 |10 |11 |12 |13 |14 |15 |16 |[l17 |18 |19
Dowpnstream Dy D, Dy D, Ds Dg D,
Ups{ream Uy U, Us U, Us Us
Reference R R, R, R, Rs R

10.3 Determination of the corrected particle size

An gptical particle_counter sizes the particles based on their optical properties. Dufing in situ
meagurement conditions, the optical properties of the particles can differ from the opticdl properties

of th

the p

The

com

e particles used when calibrating the particle counter and when conducting laboratory tests. Thus
article cqQuriter sizes the particles differently but still counts the number of the particles correctly.
resultihg efficiency/penetration curve has comparable efficiency values at different particle sizes
aréd to the laboratory results. The particle sizes can be corrected by comparison to the laboratory

efficlency/penetration curve of the reference filter. This procedure is illustrated in Figure § for a single

part

icle size.
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201 D—1—>-@
C q D
0 1 1 A— L1 / 1 1 I | .
0,1 1 10
X
Key
X particle sjize, pm /A reference filter, measured field test/result at the OPC chpnnel
geometric mean
Y penetration, % O test device, measured field test) result at the OPC chihnnel

geometric mean

A referencg filter, laboratory calibration A  reference filter, result of size Correction
curve (pdnetration)

OPC's sizp channel @ testdevice, result of size correction
C OPC charnel geometric mean
D corrected particle size

Figure 6 — Determination ofthe corrected particle size

The penetrdtion of the reference filter measutred with in situ particles (the reference filter, meagured
field test result) at the OPC channel geemetric mean is compared to the reference filter laboratory
calibration qurve in order to find the eorrected particle size. The corrected particle size for a refefence
filter measujred field test result is the,particle size that has an equal penetration on the reference filter
laboratory ¢alibration curve. Thisyparticle size correction is also made for the test device data| The
procedure i$ then repeated for@l measured particle sizes with statistically valid data.

10.4 Pres¢ntation offesults

When the emhancedtest system is used, the test report should present, in addition to what is stated in
Clause 7, th¢ following data:

— efficien¢yof the reference filter measured in laboratory;

— efficiency of the reference filter measured using ambient particles;
— efficiency of the test device measured using ambient particles;

— efficiency of the test device measured using ambient particles and the corrected particle sizes.
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Filter installation pre-testing inspection form
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Table A.1 — Filter installation pre-testing inspection form

Air handling unit description

Yes

No

Note #

Adequate overall air tightness?

Doors have adequate seals (very little air leakage)?

Doors available on both sides of air filter banks?

Doors have provision for opening/closure from inside AHU?

olp|o|s|e

Adequate space (U/S and D/S) of filter banks for probe placement and
measurement?

Adequate space (up/down stream) of other equipment (i.e. coils, fan) for
instrument placement and measurement?

Is a multiple probe manifold needed for downstream measurément? (see 6.6.4)

Sample ports located and labelled (up/downstream) of filtexbanks?

Adequate overall interior cleanliness?

Adequate overall exterior access to AHU?

Any hazardous conditions (i.e. slip, head knockers; standing water, chemical)?

Adequate guards provided on the fans and motors?

Can the filter airflow be set to a constant value for the duration of the test?

Local instrumentation description

Yes

No

Note #

Are differential pressure gauges werking properly and calibrated?

Are pressure taps properly alighed? (i.e. not bent, broken or clogged)

Is there a velocity gauge working properly and calibrated?

Is there a temperature-gauge working properly and calibrated?

o a0 o

Is there a relative humidity gauge working properly and calibrated?

Filters/Frames description

Yes

No

Note #

Bank #1 - Proper seating/sealing of filters?

Bank #14 Clamping hardware in place?

Bank#1 - Filters free from damage?

Bank #2 - Proper seating/sealing of filters?

banK #Z - Clamping hardware 1n place’

Bank #2 - Filters free from damage?

Bank #3 - Proper seating/sealing of filters?

S e |ao T

Bank #3 - Clamping hardware in place?

—-

Bank #3 - Filters free from damage?

Utilities description

Yes

No

Note #

a.

Available electric outlet for instrument power?

b.

Adequate working internal lighting?

Note # Notes description

© IS0 2022 - All rights reserved
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Table A.1 (continued)
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Annex B
(informative)

Approval for testing form

This approval of the customer and the testing firm (contractor) allows for the gathering of filter
installation data to provide both parties with an understanding of the actual system performance
resulting in an acceptable future filtration configuration and performance.

Table B.1 — Approval for testing form

Custiomer:

Address:

Contractor:

Address:

Number of air handling units:

Environmental parameters to be measured: (resistance to airflow, air velocity, temperature and relative
humidity)

Filter installation testing protocol: ISO 29462
Comments:

Acceptance (check one box)
WitH comments: Without comments | Not accepted

Custpmer representative:

Signature: | Date:

Contfactor representative:

Signature: Date:

Air handling units to be tested
Item # Building ID AHUID
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C.1 General

A filter in
(610 mm x 6
according td

Annex C
(informative)

Example of how to complete testing

Clause 6.

A-A

Key

1 filterins
2 humidifi
3 fan

4  cooling d
5 heating (
6 door

allation

A
—

2

stallation, as shown in Figure C.1, consisting of twelve nominal full-size |fllters
10 mm) (24 inches x 24 inches) in a bank are tested. The test procedure should be,conduycted

U

8
— = D)

[ 4
ETT ¢

™ )
0 o, e |

Ay 9 oY

7 /S sample probe

8 U/S sample probe

9 manometer

10  sample pointlocation
A-A  cross-section A-A of filter

Figure C.1 — Schematic drawing of the installation

C.2 Prell'][minary forms
C.2.1 Generad

A completed “filter installation pre-testing inspection form” is attached with notes. Also, a completed

“approval for testing form” is attached. These forms are provided in Annexes A and B.

C.2.2 Filter installation pre-testing inspection form

Table C.1 — Completed sample of filter installation pre-testing inspection form

Air handling unit description Yes No Note #
a. |Adequate overall air tightness? X
Doors have adequate seals (very little air leakage)? X
Doors available on both sides of air filter banks? X

28
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Table C.1 (continued)

d. |Doors have provision for opening/closure from inside AHU? X
Adequate space (U/S and D/S) of filter banks for probe placement and meas- X
urement?
f. |Adequate space (up/downstream) of other equipment (i.e. coils, fan) for instru- X
ment placement and measurement?
g. |Does the system require a multiple probe manifold for downstream measure- X
ment? (see 6.6.4)
h. [Sample ports located and labelled (up/downstream) of filter banks? X 1
i. Adequateoverattimterior cteantiness? X
j- |Adequate overall exterior access to AHU? X
k. |Any hazardous conditions (i.e. slip, head knockers, standing water, chemical)? X
. |Adequate guards provided on the fans and motors? X
m. |Can the airflow through the filters be set to a constant value for the duration of X
the test?
Local instrumentation description Yes No Note #
a. |Are differential pressure gauges working properly and calibrated? X 3
b. [Are pressure taps properly aligned, i.e. not bent, broken or clogged? N/A
c. |Isthere a velocity gauge working properly and calibrated? X 2
d. [Isthere a temperature gauge working properly and calibrated? X 4
e. |Is there a relative humidity gauge working properly and calibrated? X 4
Filter/Frames description Yes No Note #
a. |Bank #1 - Proper seating/sealing of filters? X 5
b. |Bank #1 - Clamping hardware in place? X 6
c. |Bank #1 - Filters free from damage? X
d. [Bank #2 - Proper seating/sealing of filters? N/A
e. |Bank #2 - Clamping hardware in plade? N/A
f. |Bank #2 - Filters free from damage? N/A
g. |Bank #3 - Proper seating/sealing of filters? N/A
h. [Bank #3 - Clamping hardware in place? N/A
i. |Bank #3 - Filters freefrom damage? N/A
Utilities description Yes No Note #
a. |Available eleCtri€ outlet for instrument power? X
b. |Adequate'working internal lighting? X
Note # Notes description
1 Holes drilled for the particle sampling lines.
2 VDs-aretockedto-delver-approximatelyat 2503 m/s{(406-f/minfortesting

3 Installed gauges read 0-6 225 Pa (0-25 inch WG). Not able to read filter resistance. Should be replaced
with a 0-500 Pa (0-2 inch WG) gauge.

Not installed.

ul |

Filters missing gaskets. Gaskets replaced prior to starting test.

6 Some spring fasteners missing. Replaced prior to starting testing.
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C.2.3 Approval for testing form

Table C.2 — Completed sample of approval for testing form

Customer: S

omeone’s company, Inc.

Address: 1313 Mockingbird Lane, Some City, Some State, 12345

Contractor:

Walrus Testing

Address: 909 Blue Jay Way, Some City, Some State, 12345

Number of air handling units: 2

Environme
humidity)

Filter install

htion testing protocol: ISO 29462

Comments:

visits approy

Ve will be testing 2 different AHUs during each site visit. We will be on site a total of3

imately 6-8 weeks apart. The first test will be when filters are newly installed.

Acceptance (check one box)

With comme

nts: X |Without comments: |Not aecepted

Customer re

presentative: John Q. Customer

Signature: ]g

hn Q. Customer |Date: 27 Feb 2021

Contractorr

bpresentative: Seymour Filter

Signature: Sq

bymour Filter Date: 27 Feb 2021

Air handling units to be tested

Item # Building ID AHUID
1 12-North Mech Room AHU 12-01
2 12-North Mech Room AHU 12-02
C.3 Qualffication testing
C.3.1 General

The sampling points are located so the influence of turbulence (e.g. from door, walls) is held
he resistance to airflew.is measured across the filter and the taps are located to be as
s as achievable toceliminate reading static pressure from other than the filters. RH
e are measured onythe upstream side close to filter installation and outside the duct w
counter is located. Air flow is measured by taking a velocity profile across the entire
pst device is_selected as the closest filter to the door with a velocity measurement clg

minimum. T|
to the filter
temperaturg
the particle
bank. The td
the average

across theduct.

is 0,047 1/s

Tables C.3 t;i)

0-ft3/min).

C.27\show the data results for this example. The particle counter flow rate for all san

to a
close

and
there
filter
se to

hples

C.3.2 Velocity data

Velocity readings are taken on the downstream side of each filter maintaining the probe approximately
200 mm to 300 mm (8 inches to 12 inches) from each filter. Care is taken to not allow turbulence from
personnel influencing the values.

30
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Table C.3 — Velocity data

Velocity data set #1 Velocity data set #2 €1 Cz2 C3 C4

(before any testing) (after testing) R1
Location ‘rﬁ}:c&?/’:l?;? Location ‘rﬁ}(s)c(g}/’rg?rtl? R2

R1-C1 1,65 (324) R1-C1 1,68 (331)

R1-C2 2,07 (407) R1-C2 2,09 (411) R3

R1-C3 1,86 (366) R1-C3 1,83 (361)

R1-C4 1,91 (376) R1-C4 1,96 (385)

Rp-C1 2,25 (443) R2-C1 2,29 (451)

Rp-C2 2,32 (456) R2-C2 2,28 (448)

Rp-C3 2,04 (402)2 R2-C3 2,05 (403)

RP-C4 2,13 (420) R2-C4 2,11 (416)

RB-C1 2,09 (412) R3-C1 2,09 (411)

RB-C2 2,14 (421) R3-C2 2,12 (417)

RB-C3 1,95 (384) R3-C3 1,99 (392)

RB-C4 2,03 (399) R3-C4 2,07 (407)
Average 2,04 (401) Average 2,05 (403)

C, 8,8 % C, 8,3%

a Jelect position R2-C3

fpr particle testing.

Since
velod

the reported average velocity = 2,04 m/s (402.ft/min) and the average C, = 8,5 %, then
ity is within the acceptable range.

C.3.3 Isokinetic sampling

Calcyilate the sample flow (g.) based gh the measured average velocity. Sample probe diame

(0.51 inches) as shown in Formula (C.T).
(13)°n 1 (051)°%n 1
q. = X x2,04 or q, =———x——x402
4 1x10° 4 144
NOTH For all testing, 2,7 x 10-* m/s (0,57 cfm) is used for qs.
C.3.4 Temperature and relative humidity (RH)

Tem
points ta record the average temperature and RH.

the average

teris 13 mm

€.1)

eratureand RH are measured by placing the probe into the air flow and collecting suffficient data

Thec Aot Avrntha Aavgnragn AFfJ0
Se-aataafre-—+tr =2

Y Qa
TtV CTagt—o

Table C.4 — Temperature and RH data

Temperature Tem-pe.rataure RH RH limits?
Location o limits . .
In-duct 20,1 (68.2) 1to 38 55 oo 80
Particle to
counter 22,3(72.1) (33t0 100) 58
a  From measuring equipment specifications.
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Conclusion: Based upon the averages of the 25 readings, the temperature and humidity are within

acceptable ranges.

C.3.5 Resistance to airflow data

Resistance to airflow can be measured while the removal efficiency data is being measured. Since the
installed gauge cannot be accurately read (0 Pa to 10 Pa, 0 inch to 25 inches WG), the contractor shall
use his or her instrumentation to measure resistance to airflow.

Based upon the average of 25 readings, the resistance to airflow = 84,6 Pa (0.34 inches WG) for Cv = 3,0.

C.3.6 Parficte counter zero test

Install a HEPA filter to the particle counter air inlet for a minimum of a one-minute count medsufement.
If the calculated concentration is lower than the maximum, the test passes.

Data show the total counts for a one-minute sample.

The results phow that the zero test is within an acceptable range.

Table C.5 — Particle counter zero data

Cumulative counts
(all channels)

Calculated concentration
counts per litre (counts per

cubic foot)

Maximum cencentration
counts per litre (counts per

cubic foot)

7

2,5 (70)

10 (280)

C.3.7 Upstream particle concentrations

C.3.7.1 Pre-screening of particle concentrationin space

Using the pdrticle counter and the upstream probe, sample the particle concentration at five loca}[ions
in the duct. [The selected locations are R1-CZ, R1-C4, R2-C1, R2-C3 and R3-C2 from the diagram s

own

in C.3.2. Acquire a minimum of one samplé of 20 s at each location and determine the average particle
count and the C, for the data set. The mfiaximum C, allowable is 25 % unless the average count fof any
particle sizdq channel is less than 50 particles. For those channels, the C, limit is 50 %.

Table-G.6 — Particle concentration in space data

Maximum

Size . Differential data _ Aveljage Star_lda}rd C, C Pass_
range Particles(20 s samples, 1 location) particles | deviation | % 0/:]’ oy fail
() R1-C2 §—R1-C4 | R2-C1 | R2-C3 | R3-C2
0,3t00,5 | 19851 | 16333 | 19724 | 18793 | 16812 | 18303 1640,1 9,0 Bass
0,5t00,7 | l9323 | 7683 8732 7981 8222 8339 592 1 71 Hass
0,7to1,0 | 1456 | 1186 1379 1313 1096 1286 145,2 11,3 25 Pass
1,0t0 2,0 | 623 434 564 411 368 480 108,3 22,6 Pass
2,0t05,0 31 18 27 25 16 23 6,3 26,8 =0 Pass
> 5,02 8 4 6 4 3 5 2,0 40,0 Pass
Total 31092 (25613 |30432 |28527 |26517 (28436

a  Extradata.

Conclusion: The C, for all six channels is within an acceptable range.

32
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Using the particle counter and the upstream probe, sample the particle concentration at the location
selected from C.3.2. Sample a minimum of 5 counts of 20 s each and determine the average concentration
and the C, for the data set. The maximum C, allowable is 25 %.

Table C.7 — Particle concentration in time data

) Differential data Average | Standard C, Maxémum Pass
Slz‘(*u‘;:;‘ge Particles (20 s samples, 1 location) particles | deviation | % o or fail
1 2 3 4 5

0,30 0,5 | 18143 | 17880 | 18967 | 20461 | 19488 | 18988 1044,3 55 Pass

0,50 0,7 | 8432 | 7987 | 8321 | 8765 | 8028 8307 318,5 3,8 25 Pass

0,7f0 1,0 | 1100 985 1322 | 1213 966 1117 151,5 1356 Pass

1,00 2,0 527 489 543 518 477 511 27,2 5,3 Pass

2,0[t0 5,0 35 32 41 37 32 27 91 33,2 =0 Pass
>F5,02 5 7 6 8 4 6 156 26,4 Pass
Total |28236|27367 |29194|31002 | 28980 | 28956

a  Hxtra data.

Condlusion: The C, for all six channels is within an acceptable range.

C.3.7.3 Minimum upstream concentration

Using the particle size channel data from C.3.7.2;-average particle counts for each size ar
Concentrations and compared to the minimtim value for reporting efficiency data.

into

The minimum upstream concentration data‘is shown in Table C.8.

Table C.8 — Minimum upstream concentration data

e converted

. Minimum
Particle .
. particle
. concentration .
Size range Average . concentration .
. counts per litre . Pass or fail
(um) (particles) . | counts per litre
(counts per cubic bi
foot) (counts per cubic
foot)
0,3¢0 0,5 18988 20200 (569 634) Pass
0)5to 0,7 8307 8837 (249 198) Pass
0,7t0 1,0 1117 1189 (33 516) Pass
37 (1048)
1,0t0 2,0 511 543 (15 324) Pass
2501050 27 298223 Fait
> 5,02 6 6 (180) Fail
Total 28956
a  Extradata.

Conclusion: The concentrations are within the acceptable range for the first four size ranges in Table C.8
and no diluter is required. But efficiency should not be reported for the 2,0 pm to 5,0 um or 5,0 um to
20 pm size ranges.

C.3.7.4 Particle concentration limit

Use the cumulative data from C.3.7.2 from the minimum of 5 counts of 20 s each and determine the
average concentration and the C, for the data set.
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The maximum upstream concentration data is shown in Table C.9.

Table C.9 — Maximum upstream concentration data

Conclusion:

C.3.8 Syst

Install a HE
measureme
from C.3.7,

Data show t

Upstream Max. concentra-
concentration tion?
Cumulative data| counts per cubic counts per cubic
Count number .
Particles (20 s) metre metre
(counts per cubic (counts per cubic
foot) foot)
1 28 236 23987 (847 080)
2 27 367 29 114 (821 010)
3 29 194 31057 (875 820) 35300
4 31002 32981 (930 060) (1000 000)
5 28980 30830 (869 400)
Average 28956 30 804 (868 674)
a  Defined as 50 % of the max. concentration as stated by the particle jcounter
manufacturer.

em zero test

hen the test passes.

The average concentration is within the acceptable range and no diluter is required.

PA filter at the downstream probe location air inletfet a minimum of a one-minute ¢
ht. If the measured particle concentration is less.th@n 0,05 % of the upstream concentr

he total counts for a one-minute sample.

Table C.10 — System zero test data

ount
htion

. Measured concentration’ | Upstream concentration | Allowable concentratiion
Cumulative counts li li 1
(all charjnels) counts per litre counts per litre counts per litre
(counts per cubit:foot) (counts per cubic foot) (counts per cubic foolt)
12 4,3 (120) 30 804 (868 674) 15 (434)
Conclusion: Since the measuredparticle concentration is less than 0,05 % of the upstream concentration,

the system 7

C.4 Filte

C.4.1 Gen

I efficiency data

eral

A minimun!

£

ero test is withinthe acceptable range.

Y dat o + S 11 +ad n +h dasaznctia g id £ n £ile o adion
Or—T0uT CtataSCto—arC— oMttt O— Ot C— G Ovwirstr Catrt—SaC— OO0 C—TrcCTr 10 Catront

and

three datasets on the upstream side of the same filter location. Each dataset consists of six particle
samples of 20 s each. Each particle sample provides particle count data for each particle size channel.

C.4.2 Downstream data

The downstream probe is located 305 mm (12 inches) from the back of the test device at the centre of

the filter.
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