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Foreword

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

1 Scope

ThisInternational Standard prescribesamethod oftestingthe ventilationand energyrelated performance

of h
supp

2 Normative references

The
indig
refer
ISO 3

ISO ]
Cross

ISO §

3
For t

3.1

outdoor airflow

OA

voluine of outside air entering(the ventilator

Note
Note

3.2

supp
SA

outslde aifyafter passing through the ventilator

Terms and definitions

emental heating (except for defrost), cooling, humidification or dehumidification comf

following documents, in whole or in part, are normatively referenced\in’ this docun
pensable for its application. For dated references, only the editign)cited applies. |
ences, the latest edition of the referenced document (including any“amendments) appl

966:2008, Measurement of fluid flow in closed conduits — Velogity-area method using Pito

167-1:2003, Measurement of fluid flow by means of pressure’differential devices inserte
-section conduits running full — Part 1: General principles.dnd requirements

801:2007, Industrial fans — Performance testing using standardized airways

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

1 to entry: Indicated in'Figure 1 as 1.

D to entry: Also referved to as ‘entering supply air’.

ly airflow

contain any
onents.

ent and are
For undated
es.

[ static tubes

d in circular

Note

te’entry: Indicated in Figure 1 as 2

Note

3.3

2 to entry: Also referred to as ‘leaving supply air’.

return (extract) airflow

RA

indoor air entering the ventilator

Note

Note

© ISO

1 to entry: Indicated in Figure 1 as 3.

2 to entry: Also referred to as ‘entering exhaust air’.
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exhaust airflow

EA

indoor air after passing through the ventilator

Note 1 to entry: Indicated in Figure 1 as 4.

Note 2 to entry: Also referred to as ‘leaving exhaust air’.

Key

1 outdoor

2  supplya

3

4  exhaust

5 ventilatd

6 indoors

7  outdoor
Figur

3.5

station

location in
airflow are

Note 1 to ent
airflows indi

3.6
coefficient
COE

\

hirflow (OA) (entering)
rflow (SA) (leaving)

return airflow (RA) (entering)

hirflow (EA) (leaving)
r
de

Kide

e 1 — Schematic numbering ofiairflows for heat and energy recovery ventilators

the test apparatusfat ‘which conditions such as temperature, humidity, pressur
measured

» o« » o«

Fy: These locations are identified as “station 17, “station 2”, “station 3” and “station 4” for each
Cated in Figuse 1.

pf energy

e, or

bf the

total exchar

power input

Note 1 to entry: The equation for determining the coefficient of energy is given in 8.6.

3.7
rating poin

ts

1g8ed energy between the airstreams plus the power value of moving air, divided by the

sets of supply and return airflows, static pressures at inlets and outlets, and speed control setting,
achieved during the airflow performance measurement, at which thermal performance tests (and
exhaust air transfer tests, if applicable) are performed

© ISO 2014 - All rights reserved
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effective work

EW

total exchanged energy between the airstreams plus the power value of moving air minus the power input

Note
Note

39

1 to entry: The equation for determining the effective work is given in 8.7.

2 to entry: Effective work is expressed in W.

power value of moving air

rate

of pressure energy and kinetic energy of the air delivered hy the ventilator

Note
Note

3.10
gros|
meay

Note

3.11
max
thela

Note
each

3.12
mini
thes

Note
each

3.13
net §
portj

Note

Note

1 to entry: The equation that determines the power value of moving air is given in 8.6.1.

P to entry: Power value of moving air is expressed in J/s for Pyma.

s effectiveness

ured effectiveness, notadjusted for leakage, motor heat gain, or heattransfer through th

| to entry: The sensible, latent or total gross effectiveness of an HRV or ERY, at equal airflows, is de

imum rated airflow

Epeed control setting at which the test is performed:

mum rated airflow
mallest supply and return airflows, specified by the manufacturer,atwhich an airflow test

speed control setting at which the test is performed.

upply airflow
on of the leaving supplyairflow that originated as entering supply airflow

1 to entry: The nefsuipply airflow is represented by the variable Qsanet, measured in m3/s.

2 to entry: The-equations for determining net supply airflow are given in 8.4.1 (ducted un

(undycted units),

3.14
net s

upply airflow ratio

ratiol

determined bv dividing net supnplv airflow bv supnplv airflows
7 [=] rr-J 7 rr - J

e unit casing

scribed in 8.5.

rgestsupply and return airflows, specified by the manufacturer, atwhich an airflow testis performed

1 to entry: For ventilators with speed control devices, different maximum rated airflows may e defined for

sperformed

1 to entry: For ventilators with speed control devices, different minimum rated airflows may e defined for

ts) and 8.4.2

Note

3.15

1 to entry: Expressed as a percentage, and described in 8.4.1 and 8.4.2.

speed control device
device incorporated into the ventilator which controls the speed of the fan

3.16

standard air
dry air with a density of 1,2 kg/m3

Note

© ISO

1 to entry: These conditions approximate dry air at 20°C and 101,325 kPa absolute.
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static pressure differential
absolute difference between inlet static pressure and outlet static pressure for each of the two airstreams

EXAMPLE

3.18

Static pressures measured at |X2-X1 |, or |X4-X3 |

thermal performance measurement
test procedure which measures the temperature and humidity of the supply air when a ventilator is

operating w

3.19

ith the outside air and return air at specific psychrometric conditions

unit exhauy
UEATR

tracer gas co
gas concent

Note 1 to ent
Note 2 to ent

3.20
ventilator
self containg

3.21

energy recovery ventilator

ERV
ventilator w

3.22
fresh air m

qmy

leaving supply mass airflow rate at station 2

3.23
heat recovd
HRV
ventilator w

3.24
unducted v
heat recover
of the airfloy

3.25
ducted ven

bt air transfer ratio

ncentration difference between the supply airflow and the outdoor airflow divided by the t
ation difference between the return airflow and the outdoor airflow, at a specified airfloy

Fy: The equation for UEATR is given in 8.3.

'y: UEATR is expressed as a percentage.

bd unit that includes fans to move air through the heat/enérgy exchanger

hich is designed to transfer both heat and moisture between two isolated airstreams

ass flow rate

ry ventilator

hich is designed to transfer only heat between two isolated airstreams

entilator
y ventilator.ot énergy recovery ventilator which is not intended for connection of ducts t
v inlets arputlets except for model specific exterior termination systems as defined in 3

Lilator

racer

b any
.27

heat recove

FIES N FiES N h T P SR l1_1c b £ —
y VEIIUIALOUI O TIICT gy TCLUVEL y VCIILIIAtOT WIIICIT 1S HILCITUCU 10T CUIIICCLIUIT O GuUCtS U

one

or more of the airflow inlets or outlets and intended to address a range of static pressure differentials
from the duct(s)

3.26
duct

insulated or uninsulated closed passage for air that is installed as part of the ventilation system in
lengths determined by the needs of application, and is separate, prior to installation from exterior

termination

s such as weather hoods

© ISO 2014 - All rights reserved
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3.27

model-specific exterior termination system

weather hoods, fittings and through-wall penetrations designed by the ventilator manufacturer
specifically for installation with a specific model of ventilator, that comprise the complete passageway
connecting the ventilators outside air inlet and/or exhaust air outlet to the ventilator

3.28

net supply mass flow rate

qm?2 net

portion of the leaving supply mass airflow rate at station 2 that originated as entering supply mass flow
rate at station 1, accounting for UEATR

Note [l to entry: Per the equation in 8.6.1and 8.6.2.

4 $ymbols and abbreviated terms

Sympol |Definition Units

G Initial tracer gas concentration in the test chamber (average of allmedsure-
ment points)

Co Tracer gas concentration in outdoor air (OA)

Coa Tracer gas concentration at outdoor air inlet (station 1)

Cp Specific heat at supply airflow kJ/kg K

Cra Tracer gas concentration at return air inlet (station\3)

Csa Tracer gas concentration at supply air outlet (station 2)

Ct Tracer gas concentration in the test chamber after ¢t hours (average of all
measurement points)

hq Enthalpy of the air at station 1 k]J/kg of dry air

hy Enthalpy of the air at station 2 k]/kg of dry air

qmy Fresh air mass flow rate kg/s

qm3 het Net supply mass flow rate kg/s

NSAR Net supply airflow ratie %

Paux Input power to dany other electrical components in the ventilator w

Pem Input powerto-all electric motors in the ventilator w

Pin Input power to ventilator w

Pymal Powépwvalue of moving air /s

Q Gross airflow m3/s

Q1 Average of the three calculated overall airflow rates with the unit under m3/s
test in operation as described in B.2.1.1 and B.2.1.2

Q2 Average of the three calculated natural airflow rates of the test chamber m3/s
with the ventilator removed as described in B.2.2.1 and B.2.2.2

Qi Airflow rate calculated using the data from a test ‘i’ as described in B.2.1.1, |m3/s
B.2.1.2,B.2.2.1and B.2.2.2

Qsa Supply airflow m3/s

QsANet Net supply airflow m3/s

PSn External static pressures at the inlet(s) or outlet(s) Pa

t Length of time elapsed since the start of test unit operation S

Ty Temperature of the outdoor airflow at station 1 K

T Temperature of the supply airflow at station 2 K

© IS0 2014 - All rights reserved 5
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Symbol |Definition Units

UEATR Unit exhaust air transfer ratio %

% Air volume in the test chamber m3

Vs Specific volume of the supply air m3/kg

X Dry-bulb temperature (for sensible effectiveness); °C
or absolute humidity ratio (for latent effectiveness); kg water/kg dry air
or total enthalpy (for total effectiveness). ]/kg

€ Effectiveness

5 Airflow test

5.1 Genefal conditions

All tested equipment within the scope of this International Standard shall have the airflows determined
in accordange with the following provisions:

5.1.1 Tenlperature conditions

When measpring airflow, the laboratory ambient conditions shall B¢ 20 + 15 °C and 30 to 95 % RH.
Laboratory pmbient temperature during the test shall be recorded and reported.

5.1.2 Speed control setting

The ventilator shall be tested using the manufacturer specified speed control settings. Speed cojntrol
settings shalll not be adjusted during the test.

5.1.3 Unit operating voltage and frequency

The power supply voltage at the operating unit shall be within + 2 % of the rated voltage. The ppwer
supply freqyency at the operating unit shall be within * 1 % of the rated frequency.

5.2 Ducted heat recovery ventilators and energy recovery ventilators

5.2.1 Airflows measured

The gross airflow shall.be measured and recorded at station 2 (Supply Airflow) and at station 3 (Rg¢turn
Airflow) as shown in(Figure 1, under the static pressure conditions indicated in 5.2.2.

5.2.2 Statjc pressure conditions

5.2.2.1 In order to properly characterize the performance of the unit, the ventilator shall be tested
at specified maximum rated and minimum rated airflows and at a minimum of three additional,
approximately evenly spaced intermediate airflows between the maximum rated airflow and minimum
rated airflow. This gives a minimum of five test points as shown in Figure 2. The airflow test points must
be reached by adjusting the test apparatus to change the static pressure differential. If the ventilator is
equipped with a speed control device, it shall not be adjusted during this test. Input power in watts shall
be measured and recorded at each test point.

5.2.2.2 Any inlet or outlet which is not designed for duct connection shall be maintained at an average
value of 0 £ 2,5 Pa, static pressure for all test points. However, if the ventilator is designed for installation
with model-specific exterior termination system as defined in 3.27, that system shall be installed.

6 © ISO 2014 - All rights reserved
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Static Pressurq Differential (P)

\
./
4
0 >
0 Airflow-(Q)

Key

1 B-Q curve (supply airflow)

2 R-Q curve (return airflow)

3 I:inimum rated airflow

4 aximum rated airflow

Figure 2='Representative chart of airflow performance

5.2.2.3 Static pressuremeasurement requirements

When testing for airflow, the requirements of 5.2.2.3 a) or 5.2.2.3 b) shall apply.
a) Only for unifs tested in a ducted setup:

1) Far-the maximum and minimum rated airflows the absolute value of static presgure at inlet

(ps1) and outlet (psy) shall be equal within 10 Pa or 5 %, whichever is greater, of the larger of

l-]/\n maoacura dualunc nf e, A aveant acnatnd in £ 9 9 9
meaStreavaHesS ot pPSt+o+ P.JL, exeeprashotea ot

2) The absolute value of static pressure at inlet (ps3) and outlet (ps4) shall be equal, within 10 Pa
or 5 %, whichever is greater, of the larger of the measured values of ps3 and ps4, except as
noted in 5.2.2.2.

3) For each intermediate test point, the absolute value of static pressures at each inlet and outlet
(ps1, psz, ps3 and ps4) shall be equal within 10 Pa or 5 %, whichever is greater, of the largest of
the measured value of psi, ps2, ps3 or ps4, except as noted in 5.2.2.2.

b) Only for units tested in a two room setup:

1) For all tests the value of static pressure at inlet (ps1) and inlet (ps3) shall be < 0 Pa, and (ps1)
and (ps3) shall be equal within 10 Pa, or 5 %, whichever is greater, of the larger of the measured
values of ps1 or ps3.

© ISO 2014 - All rights reserved 7
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2) The value of static pressure at the outlets (psz) and (ps4) shall be equal, within 10 Pa, or 5 %,
whichever is greater, of the larger measured value of ps; or pss, except as noted in 5.2.2.2.

2
~
/7\

Static Pressure Differ¢ntial (P)

\ =
0 = -
0 Airflow at (5) different speed’control settings (Q)
Key
1 P-Qcurves
2 minimurp rated airflows
3 maximuin rated airflows
NOTE E3ch of the individual P-Q curves shown here is generated at a different speed control setting. Ih this

example, the[ventilator either has just five discrete speed control settings, or has a continuously-variable §peed
control. See §.2.2.4. For simplification; in this example only the supply air P-Q curves are shown.

Figure 3 — Representative chart of multispeed/variable speed ventilator airflow performance

settings. If the speed control device setting is infinitely variable, the test as described in 5.2.2.1 shall be
performed separately at a minimum of five speed control settings, including the highest and lowest gpeed
control setting and a minimum of three additional approximately evenly spaced speed control settings
between the highest and lowest settings.

5.2.2.4 FOEunitS with speed controls, additional airflow tests must be performed at the alternate speed

5.2.2.5 If supply and return airflows cannot be measured simultaneously, static pressures at all four
stations at the time of measurement of the second airflow mustbe equal within + 10 Pa, or 5 % of the larger
of the measured static pressures, whichever is greater, to the static pressures at the time of measurement
of the first airflow.

5.2.3 Airflow measurement methods for ducted heat recovery and energy recovery ventilators

Airflow measurement methods are given in Annex A.

8 © ISO 2014 - All rights reserved
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Unducted heat recovery ventilators and energy recovery ventilators

5.3.1 Airflows measured

The net supply airflow shall be determined. Input power, in watts, shall be measured and recorded.

5.3.2 Static pressure conditions

The effective/net airflow shall be determined with the static pressures at all inlets and outlets equal
within + 2,5 Pa.

5.3.3

Net 3
nets
in A1

Airflow measurement methods for unducted heat recovery and energy recovery

upply airflow measurement methods are given in Annex B for the decay method. Alt
upply airflow for unducted ventilators may be measured at points 2 and 3;-by the mq
inex A and Annex C, and the Formula in 8.4.1 provided that appropriate plefiums are

arou
mod

L

6

6.1

All h
Stan

volume determined in accordance with the provisiens of this clause of this International St

Tracq

6.2

Duri

6.3

Airst

for the duration of the tracer gas test. Test(s) shall be performed until tracer gas levels havg

6.4

Trac
used
accol

hd the inlets and outlets as indicated in Annex G. If the ventilator is designed for inst4
b]-specific exterior termination systems as defined in 3.18, that systém shall be install

[racer gas tests

General conditions

eat recovery ventilators and energy recovery ventilators within the scope of this I

ventilators

ernately, the
thods given
constructed
llation with
pd.

hternational

Hard shall have the unit exhaust air transfer rate afid the net supply airflow rate or net supply airflow

b1 gas tests at other airflows and static pressure regimes may also be performed.

Temperature conditions

hg tracer gas tests the laboratory ambient conditions shall be 20 +15 °C and 30 to 95 ¢

Preconditions

reams shall be held at/lab ambient temperature and humidity conditions and must r¢

Airflow eonditions

b1 gas testing shall be performed at the same static pressures, and at the same speed co
forthe thermal performance measurement as required by sections 5.2.2.2, 5.2.2.3 a

hndard.

RH.

main stable
» stabilized.

htrol setting
hd 5.2.2.4 in

‘dance with the setup type (ducted or two-room) chosen for the tracer gas testing.

6.5

Unit operating voltage and frequency

The power supply voltage at the operating unit shall be within + 2 % of the rated voltage. The power

supp

6.6

ly frequency at the operating unit shall be within + 1 % of the rated frequency.

Tracer gas measurement methods

Tracer gas measurement methods are given in Annex B or Annex C.

© ISO
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7 Determination of efficiency

7.1 General conditions

All equipment within the scope of this International Standard shall have the gross effectiveness, the
coefficient of energy and the effective work determined in accordance with the provisions of this
International Standard and rated at one or more of the heating and/or cooling conditions specified in
Table 1 and/or Table 2.

7.2 Temperature and humidity conditions: inlets to ventilator

Tests at cooling conditions shall be carried out under the conditions given in one or more of the cohllmns
T1 through [T4 in Table 1. Tests at heating conditions shall be carried out under the conditiofis givien in
one or more| of the columns T5 through T7 in Table 2.

Table|1 — Conditions of test for coefficient of energy and effective work test (cooling)

Parameter Standard test conditions
T1 T2 13, T4
Temperature of dry-bulb 35
outside air (°C) wet-bulb 23 24 31 24
Temperature of dry-bulb 21 24 27 27
return air (°C) wet-bulb 15 17 20 19
Note: Allowable variation of readings are given in Table*E.2.

Table 2 — Conditions of test for coefficient of-energy and effective work test (heating)

Parameter Standard test conditions
T5 T6 T7
Temperature of dry-bulb 2 5
outside air (°C)
wet-bulb 1 3
Temperature of dry-bulb 21 20 20
returnair °C)  ted pulb 14 15 12

Note: Allowable variation of readings are given in Table F.2.

7.3 Precgnditions

Thetestroo
conditions
test data ar

m reconditioning apparatus and the equipment under test shall be operated until equili
e-attained, satisfying the tolerances given in Table F.2 over 30 continuous minutes. Ca

7.4 Airflow conditions

7.4.1 Required rating point

Thermal performance measurements shall be performed at least at one rating point, maximum rated
airflow at maximum fan speed.

7.4.2 Alternate rating points

Thermal performance measurements shall be performed with the supply airflow and return airflow
volumes equal, within 0,0006 m3/s plus 1 %, of the airflows measured during the airflow test. Alternately,
if the thermal performance measurement equipment does not include airflow measurement devices,

10 © ISO 2014 - All rights reserved
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thermal performance measurements shall be performed with the inlet and outlet static pressures
within 5 Pa or 2 %, whichever is greater, of those measured during the airflow test at the applicable
rating point, and with the speed control at the same setting.

7.5

Static pressure conditions: ducted heat and energy recovery ventilators

Thermal performance measurements shall be performed with the static pressures at inlets and outlets
controlled as required by sections 5.2.2.2,5.2.2.3 and 5.2.2.4 in accordance with the setup type (ducted
or two-room) chosen for the thermal performance measurements.

7.6
The

outlgts equal within * 2,5 Pa.

7.7
The

supply frequency at the operating unit shall be within * 1 % of the rated-frequency.

7.8

Thermal performance measurement methods are given in Annex D.

8

8.1

Perfgrmance calculations for ducted ventilators are calculated based upon the average meas
taken during the testing period and shallinclude:

a)
b)
‘)
d)
e)

8.2

Perfgrmance calculations for unducted ventilators are calculated based upon the averag

Stats litions:und 1] ‘ ’

thermal performance measurements shall be performed with the static pressures.at 3

Unit operating voltage and frequency

pbower supply voltage at the operating unit shall be within + 2 % of the rated voltagg

Thermal performance measurement

Performance calculations

Performance calculations: ducted ventilators

Unit exhaust air transfer ratio (UEATR) (See 8.3 and Annex C)

Net supply airflow (See 8.4.1 and Annex A)

iross effectiveness (Seg 8.5 and Annex D)

Loefficient of enérgy (See 8.6.1 and Annex D)

Effective worK(see 8.7.1 and Annex D)

Performance calculations: unducted ventilators

3

1l inlets and

. The power

ured values

e measured

values taken during the testing period and shall include:

a)
b)
‘)
d)

8.3

Net supply airflow (see 8.4.2 and Annex B)
Gross effectiveness (See 8.5 and Annex D)

Coefficient of energy (See 8.6.2 and Annex D)

Effective work (See 8.7.2 and Annex D)

Unit Exhaust Air Transfer Ratio (UEATR)

© IS0 2014 - All rights reserved
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UEATR =

where

UEATR
Csa

Coa

:2014(E)

Csa=Con 499
rRa —Coa

is the unit exhaust air transfer ratio (%);
is the tracer gas concentration at supply air outlet (station 2);

is the tracer gas concentration at outdoor air inlet (station 1);

Cra
8.4 Nets

8.4.1 Net

Net supply 4

QsaNet F

where
QsANet

Qsa
NSAR

where

NSAR =

and UEATR

8.4.2 Net

Net supply 4

QsaNet T

- | e = d e = - - 1 PR A W - 2
IS LT LIAdLTT 545 CULILTIIL AtIUIN At TTLULID dIT TTHITU {(SLAUIUIT O .
npply airflow

supply airflow: ducted units

irflow for ducted units shall be calculated as follows:

NSAR
100

xQsp

is the net supply airflow (m3/s);
is the supply airflow (m3/s);
is the net supply airflow ratio (%).

100 - UEATR

s the unit exhaust air trapsfer ratio (%).

supply airflow: unducted units

Q-0

irflow for unducéted units as defined in Annex B shall be calculated as follows:

12
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t (C.—C,)

where, when corrected to standard temperature and density:
QsaNet s the net supply airflow (m3/s);

Q1 is the average of the three calculated overall airflow rates with the unit under test in
operation as described in B.2.1.1 and B.2.1.2 (m3/s);

Q2 is the average of the three calculated natural airflow rates of the test chamber with the
ventilator removed as described in B.2.2.1 and B.2.2.2 (m3/s);

() is the airflow rate calculated using the data from a test ‘i’ as described'in B.4.1.1,
B.2.1.2,B.2.2.1 and B.2.2.2 (m3/s);

|4 is the air volume in the test chamber (m3);

i is the length of time elapsed since the start of test unit opération (s);

¢; is the initial tracer gas concentration in the test chamber (average of all measurement
points)

Lo is the tracer gas concentration in outdoor air. (QA);

€t is the tracer gas concentration in the test chamber after t seconds (average of all meas-

urement points).

8.5 | Gross effectiveness

The gross sensible, latent or total effectivehess of a HRV or ERV at test conditions is described by the
following equation:

_(Xl—xz)
(x1-x3)

whefe x equals one of the follewing for the test condition under consideration:

p! is the dry-bulb temperature (for sensible effectiveness), °C; or
p! is the.absolute humidity ratio (for latent effectiveness), kg water/kg dry air; jor
p! is'the total enthalpy (for total effectiveness), J/kg.

© ISO 2014 - All rights reserved 13
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8.6 Coefficient of energy (COE)

8.6.1 Coefficient of energy: ducted ventilators

The coefficient of energy (COE) of a ducted ventilator is described by the following equation:

_ dqu,net (hZ _hl )‘X 1000)+ Pvma

COEducted - (Pi )
where
h1 is the enthalpy of the air at station 1 (k]J/kg of dry air);
hy is the enthalpy of the air at station 2 (k]J/kg of dry air);
qm2 net| is the net supply mass flow rate at station 2 (kg/s);
Pyma is the power value of moving air (J/s);
Pin is the input power to ventilator (W).
and
amy . Eqm, ( 1 UEATR)
’ 100
and
4
Pima = Z|p5n +pvy |}2qm2,netvs
n=1
where
Vs is the specific volume of the supply air (m3/kg);
pPSn is the external static pressures at the inlet(s) and outlet(s) (Pa);
PVn is the dynamic pressure at the inlet(s) and outlet(s) (Pa).
and
Py, = Py + Paux
where
Pem is the inputpower toall electric motorsinthe ventilator (W
Paux is the input power to any other electrical components in the ventilator (W).
14 © IS0 2014 - All rights reserved
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8.6.2 Coefficient of energy: unducted ventilators

The coefficient of energy (COE) of an unducted ventilator is described by the following equation

COE =

|[amy et (hy =hy )| %1000

unducted — (
Pi)
where
h1 is the enthalpy of the air at station 1 (kJ/kg of dry air);
T2 Isthe enthratpy of the atratstation 2 (RKj/kgof dryair);

and

(Y

and

whel

8.7

8.7.1
The {

i

8.7.2
The {

My net  is the net supply mass flow rate (kg/s);

Pin is the input power to ventilator (W).

UEATR)

My net =qM; (1_ 100

aux

Pem is the input power to all electric niotors in the ventilator (W);

Paux is the input power to any other’electrical components in the ventilator (W).

Effective work (EW)

Effective work: ducted ventilators

pffective work (EW) of\a-ducted ventilator is described by the following equation:

LW =P, ><(COEducted _1) qumZ,net (hZ —hy )‘X1000)+Pvma —Piy

Effective work: unducted ventilators

pffective work (EW) of an unducted ventilator is described by the following equation:

B Vs

Thya® P a (3 PR P N
EWunducted = Fin *{“YEunducted = 1) =42 net {12 =111 )| < LUUU]= Iy

8.7.3 When moisture transfer is not of interest or does not occur: the following substitution can be
made in either COE or EW:

© ISO

2014 - All rights reserved

15


https://standardsiso.com/api/?name=9614e16f8e341ff067d2e26da3224ae3

ISO 16494:2014(E)

|y —hy|=C,y [T, = T4

or

[hy = hy| = | Ty =y T4

where
Cp is the specific heat at supply airflow (kJ/kg K);
T1 is the temperature of the outdoor airflow at station 1 (K);
T is the temperature of the supply airflow at station 2 (K).

9 Testresults

All measur¢ments made under this standard need to be reported together-in/order to accurjately
characteriz¢ ventilator performance. Sample data collection and reporting worksheets are provided in
informative|Annex E.

16 © ISO 2014 - All rights reserved
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Annex A
(normative)

Airflow measurement method for both ducted and unducted

ventilators

A1l

A.1.]

Test equipment

Unit shall be equipped with ductwork, airflow measurement devices, and’ pfessu

means as shown in Figure A.1.

A.1.7
inlet
blow

Static pressure controllers shall be provided as necessary to balanee the static pres
s and outlets as prescribed. Static pressure controllers may include dampers and or speedA
ers. The static pressure controllers must be air tight if they are located between the v¢

the aiirflow measuring apparatus.

A.1.3
press
inIS

A.1.4
expr

Static pressure measurement devices shall be located'So as to accurately characteri
ures at the inlets and outlets of the ventilator. Appropriate measurement devices are fur
D 3966, 1SO 5167-1, and ISO 5801.

The airflow shall be measured according toISO 3966, ISO 5167-1, IS0 5221 and ISO 5
pssed in standard m3/s.

e balancing

sures at the
controllable
ntilator and

ze the static
ther defined

801 shall be

6
7@

6

Key

U

7

\]@g \168

outdoor airflow

N U1 A W N

© ISO

supply airflow
return airflow
exhaust airflow
ventilator

static pressure control apparatus
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7 static pressure measuring apparatus
airflow measuring apparatus

NOTE Simultaneous measurement of supply and return airflow is preferred; however, at least one airflow
measuring apparatus must be in use as per 5.2.2.5.

Figure A.1 — Arrangement for airflow measurement

Figure A.1 shows the basic measurement principle.

18 © ISO 2014 - All rights reserved
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Annex B
(normative)

Decay method for measurement of net supply airflow

B.1 Measurement equipment

B.1.1 Tracer gas, sampling equipment, room volume and gas concentration levels shallbe sgelected so as
to be| capable of accurately measuring the unit performance.

B.1.2 Three sampling pipes shall be installed inside the test chamber; in threevertical positions around
the centre of the chamber.

B.1.3 The inner wall material of the test chamber shall not be gas permeable or gas absorhent.

B.1.4 The air tightness of the test chamber shall be 0,3 or lesséiatural air change per hour.

6

Key
outdoor airflow (OA) (entering)
supply airflow (SA) (leaving)

return air (RA) (entering)
exhaust air (EA) (leaving)
ventilator

test chamber

indoor side

outdoor side

O© 0 N O U1 o W N =

indoor sampling pipes

[UnN
[}

outdoor sampling pipes

Figure B.1 — Basic measurement principle for sample measurement equipment setup (decay
method) for net supply airflow measurement of unducted units

© ISO 2014 - All rights reserved 19
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B.2 Measurement procedure

Tracer gas concentration measurement shall be as follows:

B.2.1 Determination of overall room air change rate with ventilator in operation: Install the ventilator,
complete with all model-specific exterior termination systems and/or grilles, as shown in Figure B.1.

B.2.1.1 Measurement of initial concentration of tracer gas: Fill the test chamber with the tracer gas, and
verify that the concentration level is uniform throughout the chamber by measuring the concentration in
at least three locations. The ventilator shall not be operating. The tracer gas concentration shall be such

that tracer

anciia aftar

Lhla 20 riact
cdoulauIiIcv dIiltvl JuvU

cxuanll o an
S—vv IO CTIT

B.2.1.2 M{
time zero. M

after the sta

B.2.1.3 Th

B.2.2 Dets

and seal the

B.2.2.1 Mg
verify that the concentration level is uniform throughout the chariber by measuring the concentrati

atleast thre

30 min of n3

B.2.2.2 M{
concentratig

B.2.2.3 Th

20

adan aof anarationn of el o daat s d o
IIIrrIrr ur UP\'I ALIVUIT UL UUIC UIlIlIt UIifucTlI Tt oL,

basurement of concentrations of tracer gas during the test: The ventilator shall be.start
easure and record the concentration of tracer gas at time zero, 10 min, 20 mid and 3(
It of the test.

e test as described in B.2.1.1 and B.2.1.2 shall be performed three times.

rmination of natural air change rate with ventilator not in operdtion. Remove the test
unit installation opening.

pasurement of initial concentration of tracer gas: Fill theitest chamber with the tracer gag

 Jocations. The tracer gas concentration shall be such that tracer gas will be measurable
tural ventilation of the chamber.

pasurement of concentrations of tracer~gas during the test: Measure and record
n of tracer gas at time zero, 10 min, 20xhin and 30 min after the start of the test.

e test as described in B.2.2.1 and'B:2.2.2 shall be performed three times.

ed at
min

unit,

,and

jon in

after

the
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c)
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Annex C
(normative)

Unit exhaust air transfer ratio measurement methods

Test equipment

Khall be equipped with ductwork, and static pressure controllers. Tracer gas, sampling
1 volume and gas concentration levels shall be selected so as to be capable of aceuratel
nit internal and external leakages.

st equipment arrangements can be divided into two categories: ducted testfacilities ar
facilities.

The tracer gas generation equipment shall be designed to providea stable concentrat
nat is uniform in the chamber or duct to which the tracer gas is iitroduced.

Measurement equipment shall be provided at each location where tracer gas concen
asured such that:

tracer gas concentration readings are taken at-adinimum of three representative |

by a means of collecting and transporting*air samples from these multiple loca
yser (i.e. a sampling grid).

equipment shall meet the following requirements (mixing devices may be necessary t
rements):

4 gas chromatograph analyser or an alternative instrument with the accuracy required
if the analyser will be sequentially measuring the tracer gas concentration in sample
than one of the stations, then either the data or the sample from the beginning of
measurement period shouwld be purged until the concentration readings have stabilized

q

1

i means of injecting’/a tracer gas that is nontoxic, identifiable, measureable and ine
racer gases include, but are not limited to SFg and CO7; and

the tracer gas-concentrations at each sample point shall be within + 5 % of the mean
gimultangously or within + 2 % of the mean if taken at different times.

Ducts and other components of the test equipment shall not be permeable to or 3

equipment,
y measuring

d two-room

ion of tracer

tration must

bcations or

tions to the

meet these

by Annex F;
b from more
pach sample
l;

rt. Common

when taken

bsorbent of

ACer oas
(=]

C.1.4 Ducts and other components of the test equipment shall not allow air leakage.

C.1.5 Static pressures shall be measured according to ISO 3966, ISO 5167-1, and ISO 5801.

C.2

General procedures

C.2.1 Extreme care shall be taken to ensure that dilution does not occur in the sampling system.

C.2.2 The injection concentration of the tracer gas shall be sufficient that a unit exhaust air transfer
ratio of 0,25 % can be measured by the device being used.

© IS0 2014 - All rights reserved
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C.3 Procedure for ventilators intended for installation in a conditioned space

These tests determine the total amount of leakage inside the unit from the return air (x3) to the fresh air

(x2) and from the surrounding room to the fresh air (x2).

C.3.1 Testing by injection of tracer gas into outside air (OA)

C.3.1.1 A tracer gas shall be injected into a turbulent region upstream of Station 1 (see Figure C.1).

C.3.1.2 Airsamples shall be drawn from Stations 1, 2 and 3 to determine the concentration of the tracer gas.

C.3.1.3 Unit exhaust air transfer ratio shall be determined.

14
| |
I OI & 15
12 =
13
gl
10 9
| 11 I-|_J |
] A
46 [l 23 q.mg —
71 5
6 <EA(
Y
7
Key
1 outdoor pirflow 9 tracer gas sampler
2 supply ajrflow 10 tracer gas source
3 return airflow 11 air mixer
4 exhaust firflow 12 air conditioning apparatus
5 ventilatgr 13 make up air inlet
6  static pressure control apparatus 14 supply air outlet
7  static pressure measuring apparatus 15 test facility
8 airflow measuring apparatus

Figure C.1 — Basic measurement principle schematic for ducted UEATR measurement system
for ventilators intended for installation in a conditioned space

C.3.2 Testing by tracer gas injected into indoor chamber

C.3.2.1 A tracer gas shall be injected into the inside room (see Figure C.2).

22
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C.3.2.2 Air samples shall be drawn from Stations 1, 2 and 3 to determine the concentration of the tracer gas.

C.3.2.3 Unit exhaust air transfer ratio (UEATR) shall be determined.

| |
| OI & 16
12 =
13
o
9 -
i ,vgl?
16 [ %3 @os>
7| 5
6 {EA(/
J
7
Key
1  qutdoor airflow 9  tracer gas sampler
2 dupply airflow 10 tracer gas source
3 feturn airflow 11 air mixer
4  ¢gxhaust airflow 12 air conditioning apparatus
5 entilator 13 make up air inlet
6  dtatic pressure control apparatus 14 supply air outlet
7  dtatic pressure measuring apparatus 15 “indoor” test facility
8 girflow measuring apparatus 16 “outdoor” test facility
Higure C.2 — Basi¢ measurement principle schematic for two-room UEATR measyrement
system for yventilators intended for installation in a conditioned space, with tracer gas
introduced into “Indoor” chamber
C.4 | Procedure for ventilators intended for installation in outdoors spacge

This test determines the amount of leakage inside the unit from the return air to the fresh air.
C.4.1 A tracer gas shall be injected a turbulent region upstream of Station 3 or into the inside room.

C.4.2 Air samples shall be drawn from Stations 1, 2, and 3 to determine the concentration of the tracer
gas (see Figure C.3).

C.4.3 Unit exhaust air transfer ratio shall be determined.
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gl

12 =

15

(@)
({

\T] s

Key
1 outdoor pirflow 9  tracer gas sampler
2 supply ajrflow 10 tracer gas source
3 return airflow 11 air mixer
4  exhaust airflow 12 airiconditioning apparatus
5 ventilatar 13-\ make up air inlet
6  static pre¢ssure control apparatus 14 supply air outlet
7  static pr¢ssure measuring apparatus 15 test facility
8 airflow measuring apparatus
Figure C.3 — Basic measurement principle schematic for ducted UEATR measurement system
for ventilators intended for installation outdoors
24
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Annex D
(normative)

Thermal performance measurement

Test equipment

1
|
1

When measuring thermal performance as per Figure D.1, the laboratory ambien
be 20 +£10° Cand 30 to 95 % RH. Laboratory ambient temperature during the te'stshall
eported.

Unit shall be equipped with ductwork, static pressure measurement devices, a
mcing means as shown in schematic Figures D.1, D.2 and D.3. Temperature and humid
urement stations shall be recorded during the testing period at‘a-rate of not less th
te. Once the unit is at steady-state, operation, including preconditioning as per 6.3, sh
at least 30 measurements have been recorded over a peried of at least 15 min. Corj
ms required to connect these devices to unducted inlets-@r.0utlets is described in D.2.
X G shows an example of plenum construction.

R

Static pressures shall be measured according te SO 3966, ISO 5167-1, and ISO 5801

:
indard m3/s.

d

5 Ducts connected to ventilator inlets and outlets shall be of the dimensions speq

hfacturer.

b The ducts shall be thegmally insulated to minimize heat leakage between the equipy
t and the temperature nieasuring instruments, so that the test results are not changed b

t conditions
be recorded

hd pressure
ity at all the
An once per
all continue
struction of
Informative

Airflow shall be measured according to IS@3966, SO 5167-1,and ISO 5801 and shall e expressed

ified by the

nent inlet or
y the effects

of suprounding temperatufes:
12 9 12
B _I___ N l __—I_ TR
10 6 [| 8 | 0A SADMY | 8 || 6 11
\ L —— I N\
(I o 7| 5 |7 O
N - 1
11 6 || 8 | 1§ N<EA RAQ | 8 || 6 10
T 1___F4 i L _ _ I B
12 7 7 12
Key
1  outdoor airflow 9  air mixer
2 supply airflow 10 air conditioning apparatus
3 return airflow 11 reliefinlet/outlet
4  exhaust airflow 12 temperature and humidity measuring instrument
5 ventilator 15 test facility
6  static pressure control apparatus
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7  static pressure measuring apparatus
8 airflow measuring apparatus

NOTE Airflow measurement devices are optional. Temperature and humidity measurement and mixing
station at EA are optional.

Figure D.1 — Basic measurement principle schematic for ducted thermal performance

measurement setup
12 13
10 —::I E:— 10
6 6

6 I
Key
1 outdoor pirflow 8  airflow measuring apparatus
2 supply alrflow 9  air mixer
3 return ajfrflow 10 air conditioning apparatus
4  exhaust jirflow 11 temperature and humidity measuring instrumgnt
5 ventilatar 12 “outdoor” test facility
6  static pre¢ssure control apparatus 13 “indoor” test facility
7  static pr¢ssure measuring apparatus
NOTE Airflow measuremnent devices (not shown) are optional. Mixing station and temperature and hunpidity
measuremenf at EA areeptional.

Figure I).2~- Basic measurement principle schematic for two-room thermal performande
easurement for ventilators intended for installation in a conditioned space
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12 13
10 [ 2 10
Iyl Iyl
_ p —}_ ¢ |
| H |
| e [l 6 ||

Key

1  qutdoor airflow 8  airflow medsuring apparatus

2 qupply airflow 9  air miger

3 1feturn airflow 10 ajr cenditioning apparatus

4  ¢xhaust airflow 11 Aemperature and humidity measuring ihstrument

5 entilator 12> “outdoor” test facility

6  dtatic pressure control apparatus 13 “indoor” test facility

7  dtatic pressure measuring apparatus

NOTH Airflowmeasurementdevicesare eptional. Mixing station and temperature and humidity measurement

at EAlare optional.

"y

D.2 | Test performance

D.2.1 Verify thatthe difference between the highest and the lowest temperatures inside th
temperaturesmeasurement location will not be more than 0,3K. Provide a mixing device ups

igure D.3 — Basic measurement principle schematic for two-room thermal perfq
measurement for ventilators intended for installation outside

temperature'measurement location if necessary to meet this requirement.
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Annex E

(informative)

Example data collection and reporting sheets

DATA TO BE COLLECTED AND CALCULATED RESULTS FOR AIRFLOW MEASUREMENT per Annex A

AIRFLOW PERFORMANCE: DATA COLLECTED NOTE 1
Point 1 . . . Point 5 .
(Max) Point 2 Point 3 Point 4 (Min) Units

Temperature [Dry bulb) TNOTES Q)
NOTE 2 Ts C)

TW> (°C)
Temperature {Wet bulb)

TW3 Q)
B tri , Lab Ambi-
erzla:ome riC pyessure, La mbi Pbar (kP )

ps1 (Pa)

ps2 (Pa)
Static Pressurjes NOTE 4

ps3 (Pa)

ps4 (Pa)
Delta P at Nozzles, or Velocity 4Py (Pa
Pressures NOTE5 AP3 (Pa)
Static Pressurles Before Nozzles |PSN2 (Pa)
NOTE 5 psN3 (Pa)
Input Voltage NOTE 6 %4 )
Input Power w (W)
Input Current A (A)
Input Frequerjcy NOTE 6 f (Hz)
Speed Contro] Setting
NOTE 7 > 0
NOTE1 Pqint 1 is the Maximum Rated Airflow. Point 5 is the Minimum Rated Airflow. If the unit has myltiple
Speed Contrgl Settings, the Airflow Performance Test is repeated to characterize unit airflow at the difflerent
Speed Contrql Settings:
NOTE 2  Pqychrometric conditions are measured in order to determine mass flow rates and equivalent
volumetric flewtatesatstandard dcuo;t_y.

NOTE 3

NOTE 4

specific tolerances.

NOTE 5
NOTE 6

NOTE 7

28

To be controlled within tolerances.

Subscripts indicate station(s) at which measurements are taken.

Speed is not measured. Control Setting (if any) is recorded.

Depending on the method of airflow measurement, other data might need to be collected.

Measured relative to lab atmospheric pressure. Static pressures are to be controlled within
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AIRFLOW PERFORMANCE: CALCULATED RESULTS NOTE 8
Point 1 . . . Point 5 .
(Max) Point 2 Point 3 Point 4 (Min) Units
Supply Airflow Qsa (m3/s)
Return Airflow Q3 (m3/s)
S|2-1 Pa
Static Pressure Differentials Pz (Pa)
Ps|4-3| (Pa)

NOTE 8 Point 1 is the Maximum Rated Airflow. Point 5 is the Minimum Rated Airflow

DATA TO BE COLLECTED AND CALCULATED RESULTS FORNET SUPPLY AIRFLOW MEASUREMENT
BY DECAY METHOD per Annex B
DATA COLLECTED WITH VENTILATOR . RUNNING [OTE 9
Test 1 NOTE 10 Test 2 Test 3 Units
Ambient Temperature (Dry bulb) o
NOTE i1 Ta 0
Ambient Temperature (Wet bulb) | TW, (°Q)
eBr?:o netric pressure, Lab Ambi- Phara (kPa)
B tri 3
Cﬁ;?r?)zl"rlc pressure Pparc (kPa)
Ci@to (ppm)
Tracdr Gas Concentration in Gi@tio (ppm)
Chanber “Ci @ t," NOTE 12 C; @ t0 (ppm)
Ci @ t30 (ppm)
Co @ to (ppm)
Tracqr Gas Concentration in Co @ t1o (ppm)
Outdpor Air “Co @ t,” Co @ t20 (ppm)
Co.@-t30 (ppm)
Input Voltage NOTE 13 1 )
Inpuff Power w (W)
Inpuf Current A (A)
Input Frequency NOTE43 f (Hz)
Speed Control Setting NOTE 14 - 0
NOTE 9  Iffheunithasmultiple Speed Control Settings, the Airflow Performance Testis repeated tq characterize
unit dirflowat the different Speed Control Settings.

NOTE-10—Forany ome Speed Comntrot Setting; the Test Procedure isTepeated three times:

NOTE 11 Psychrometric conditions are measured in order to determine mass flow rates and equivalent
volumetric flow rates at standard density.

NOTE 12 Subscript n indicates the time in minutes after beginning the test at which the measurement is taken.
Note 13  To be controlled within tolerances.

Note 14  Speed is not measured. Control Setting (if any) is recorded.
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DATA COLLECTED WITH VENTILATOR REMOVED

Test 1 NOTE 15 Test 2 Test 3 Units
Ambient Temperature (Dry bulb) T oC
NOTE 16 a (°Q)
Ambient Temperature (Wet bulb) | TW, (°C)
B tri , Lab Ambi-
elzlatrome ric pressure, Lab Ambi Ppara (kPa)
Barometric pressure,
Chamber P Ppar,c (kPa)
Er@-to P
Tracer Gas Cohcentration in i@t (PP
Chamber “Ci @ t,” NOTE 17 Ci @ to (ppin)
Ci @ t3p (ppp)
Co @ tg (ppyn)
Tracer Gas Cohcentration in Out- |Co @ t10 (ppin)
door Air “Co @ ty” Co @ to0 (ppin)
Co @ t30 (ppin)
Chamber Volume %4 (m3

NOTE 15 With the ventilator removed, the Test Procedure is repeated three times.

NOTE 16 Ps
volumetric f1

NOTE 17 Sy

bw rates at standard density.

ychrometric conditions are measured in order to determine mass flow rates and equiy

bscript n indicates the time in minutes after beginihing the test at which the measurementis t

alent

hken.

NET SUPPLY AIRFLOW: CALCULATED RESULTS

Point 1 . . . Point 5 .
(Max) Point 2 Point 3 Point 4 (Min) Units
Net Supply Aifflow NOTE 18 QsANet (m3[s)
Note 18  Calculated per 8.4.2.
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DATA TO BE COLLECTED AND CALCULATED RESULTS FOR UEATR MEASUREMENT per Annex C

TRACER GAS TEST: DATA COLLECTED NOTE 19
Test 1 Test 2 Test 3 Test 4 Test 5 Units
pbs1
NOTE 21 (Pa)
Static Pressures NOTE 20 ps2 (Pa)
ps3 (Pa)
ps4 (Pa)
€ (ppm)
Tracqdr Gas ConcentrationNOTE 22 | Cy ¢ (ppm)
Cback (ppm)
Barometric pressure, Lab Ambi-
ent, average NOTE 23 Ppar,ave (kPa)
Barometric pressure, Lab Ambi-
ent, maximumNOTE 23 Pbar,max (kPa)
Temperature, Lab Ambient, aver- | T oC
age NPTE 23 NOTE 20 (°C)
Temperature, Lab Ambient, maxi- | T1 oC
mum|NOTE 23 NOTE 20 (°C)
Speedl Control Setting NOTE 24 - 0
NOTH 19 Theunitmustbe tested for EATR at each of the saniésstatic pressures and speed control settings at which
the Thermal Performance tests were performed. Static pressures are to be controlled to within specific tolerances.

NOTH
specific tolerances.

L 20 Measured relative to lab atmospheri¢.pressure. Static pressures are to be conty

olled within

NOTE 21 Subscripts indicate station(s) at which measurements are taken.
NOTH 22 Locations of Cip, Cout, and Cpaek/depend on intended installation type: indoor, rooftop, or|thru-wall.
NOTE 23 Measured and recordedianly to confirm stability of conditions during test.
NOTE 24 Speed is not measured. Control Setting (if any) is recorded.
TRACER GAS TEST: CALCULATED RESULTS
Test 1 Test 2 Test 3 Test 4 Test J Units
Unit Exhaust Air Transfer Ratio
NOTE 5 UEATR (%)
NOTH 25<_C€alculated per 8.3.
DATATOBECOELECTEDAND CALCUEATED RESULTSFOREFHCIENCEYMEASUREMENTS per Annex D
THERMAL PERFORMANCE: DATA COLLECTED NOTE 26
Test 1 Test 2 Test 3 Test 4 Test 5 Units

T1 o

NOTE 27 (°C)
T t Dry bulb o

emperature (Dry bulb) T, °C)

T3 (°C)

TWy (°C)
Temperature (Wet bulb) TW; (°C)

TW3 Q)
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