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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 —

Part 1:
Development of metrics for evaluation of energy related
performance

1 [Scope

Thif document specifies a method of testing the ventilation and energy\related perfqrmance of
heat recovery ventilators (HRVs) and energy recovery ventilators (ERVs)-that do not cpntain any
supplemental heating (except for defrost), cooling, humidification, or dehumidification comgonents.

Exchanger types of HRVs and ERVs are
a) |[fixed-plate exchangers (also known as recuperators),

b) |rotary exchangers, including heat wheels and total enetgy wheels (also known as regenerators),
and

c) |heat pipe exchangers using a heat transfer medjunr, excluding those using mechanical ppmping,

Thif document does not provide a method for. measuring the response of exchangers to thq formation
of frost.

2 |Normative references

The following documents are reférred to in the text in such a way that some or all of their content
congtitutes requirements of this document. For dated references, only the edition cited gpplies. For
undated references, the latest-edition of the referenced document (including any amendments) applies.

[SO[3966, Measurement-offluid flow in closed conduits — Velocity area method using Pitot statjic tubes

[SO|5167 (all parts)Measurement of fluid flow by means of pressure differential devices inserted in circular
crogs-section conduits running full

1S0|5801, Fdns — Performance testing using standardized airways

[SO|13253, Ducted air-conditioners and air-to-air heat pumps — Testing and rating for performance

A aval Ne YaVaVl N aVa¥ N 2Val L - L L L - L L=l - L L .
ISO ILG 1/7ULZ0.ZU 17, GENETUr requiIrerricrics jor trie COrmpeterice o LeSLIry urid CUrtoratior Taporutories

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
[SO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

©1S0 2022 - All rights reserved 1
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31
coefficient of energy
COE

Ceok
total exchanged energy between the airstreams plus the power value of moving air (3.22), divided by the

power input
Note 1 to entry: The formula for determining the coefficient of energy (C¢og) is given in 9.6.

3.2
duct
insulated E‘ uninsulated closed passage for air that is installed as part of the ventilation systerh in

lengths defermined by the needs of application, and is separate, prior to installation from. extéfrior

terminatiops such as weather hoods

3.3
ducted ventilator
heat recovery ventilator or energy recovery ventilator which is intended for conneétion of ducts tofone
or more of|the airflow inlets or outlets and intended to address a range of static pressure differentials
from the dfict(s)

34
effective work
EW
WEW . . . .

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

Note 1 to e:]:ry: The formula for determining the effective work (Wgyy,) is given in 9.7.

Note 2 to enftry: Effective work is expressed in W.

3.5
energy reg¢overy ventilator
ERV
ventilator Which is designed to transfertboth heat and moisture between two isolated airstreams

3.6
entering exhaust air
exhaust airf inlet
return airflow

RA
indoor air ¢ntering the,ventilator

Note 1 to enftry: Indicated in Figure 1 as footnote c.

3.7
entering supplyair

supply air inlet

outdoor airflow

0A

outside air entering the ventilator

Note 1 to entry: Indicated in Figure 1 as footnote a.

2 © IS0 2022 - All rights reserved
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Key]
ventilator a  Entering supply air (OA).
indoor side b Leaving supply air (SA).
outdoor side ¢ Entering exhaust air (RA).
d  Leaving exhaust ait (EA).
Figure 1 — Schematic numbering of airflows for heat and enhergy recovery ventilators
3.8

external static pressure difference
exteérnal static pressure difference between inlet and outletof an air stream or vi versa and i calculated
as an absolute value

Notg 1 to entry: The formula for absolute value is described in 6.2.2.1.

3.9
fixed-plate exchanger
exchanger with multiple alternate airflow channels, separated by a heat or heat and water vapor
traIsfer plate(s) and connected to supply and exhaust airstreams

3.1
fresh air mass flow rate

m,

supply-mass flowrate of(dpy air at station 2

3.1

gross effectiveneéss
measured effeetiveness, not adjusted for leakage, motor heat gain, or heat transfer through the unit
casing

Note 1 £o entry: The sensible, latent, or total gross effectiveness of an HRV or ERV, at equal airflows, |s described
in 9]5¢

3.12

heat pipe exchanger

exchanger with an array of finned and sealed tubes that are placed in side-by-side supply and exhaust
airstreams, which may include an internal wick structure in each tube and filled with a heat transfer
medium

Note 1 to entry: thermosiphon exchangers are a subset (or type) of heat pipe exchanger in which the heat transfer
medium moves by gravitational forces only.

3.13

heat recovery ventilator

HRV

ventilator which is designed to transfer only heat between two isolated airstreams

©1S0 2022 - All rights reserved 3
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3.14
leaving ex

haust air

exhaust air outlet
exhaust airflow

EA

indoor air after passing through the ventilator

Note 1 to entry: Indicated in Figure 1 as footnote d.

3.15
leaving su

ply air

supply air
supply airf]
SA

outside air]

butlet
low

after passing through the ventilator

Note 1 to enftry: Indicated in Figure 1 as footnote b.

3.16

maximum
largest leay
test is perf]

Note 1 to en|
each speed

3.17

minimum
smallest le
airflow tes

rated airflow

brmed

Control setting at which the test is performed.

rated airflow
aving supply and entering exhaust airflows, specified by the manufacturer, at which
t is performed

ring supply and entering exhaust airflows, specified by the manufacturer, at which an airfllow

try: For ventilators with speed control devices, different maxinfum rated airflows may be definedl for

an

Note 1 to enftry: For ventilators with speed control deyices, different minimum rated airflows may be defined for

each speed

3.18
model-spe
weather h
specifically
connecting

3.19
net supply

QZ,ne_t
portion of

Control setting at which the test is performed.

cific exterior termination system

r for installation with a specific model of ventilator, that comprise the complete passage
the ventilators outside air inlet and/or exhaust air outlet to the ventilator

airflow

he leaving 'supply airflow that originated as entering supply airflow

Note 1 to enftry: Thenet supply airflow is represented by the variable Q, ;.. measured in m3/s.

Note 2 to e

pods, fittings and through-wall penetrations designed by the ventilator manufactyrer

vay

htry: The formulae for determining net supply airflow are given in 9.4.1 (ducted units) and 9.4.2

(unducted units).

3.20

net supply airflow ratio
ratio determined by dividing net supply airflow by supply airflow

Note 1 to entry: Expressed as a percentage and described in 9.4.1 (see Formula (3)).

© IS0 2022 - All rights reserved
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1

net supply mass flow rate

m,

net

portion of the supply mass airflow rate at station 2 that originated as supply mass flow rate at station

2,a
Not

3.2

ccounting for Rygarr

e 1 to entry: See Formula (9) and Formula (13)

2

power value of moving air

P

vim@a

ratg of pressure energy and kinetic energy of the air delivered by the ventilator

Not
Not

3.2

rati

e 1 to entry: The formula that determines the power value of moving air is given in 9.6.1.
p 2 to entry: Power value of moving air is expressed in W for P, ... (see Formula (10)):

B
ng points

setq of supply and exhaust airflows, static pressures at inlets and outlets, and speed cont

ach

eved during the airflow performance measurement, at which ‘thermal performance

exhpust air transfer tests, if applicable) are performed

3.2
rot
exc

try exchanger
hanger with porous discs, fabricated from materialswith heat or heat and water vapou

capfpcity, that are regenerated by collocated supply and exhaust airstreams

3.2

D

speed control device
deviice incorporated into the ventilator whichcontrols the speed of the fan

3.2
sta

a

D
fion

locqtion in the test apparatus at whieh conditions such as temperature, humidity, pressure,

are
Not

3.2
sta

measured
e 1 to entry: Indicated in Figiire 1 as footnotes a, b, c and d.

7
hdard air

drylair with a dexssiby of 1,204 kg/m3 and a dynamic viscosity of 1,824 7 x 10-5 kg/(m-s)

Not

3.2

e 1 to entpys, These conditions approximate dry air at 20 °C and 101,325 kPa absolute.

B

statie-pressure differential

Fol setting,
tests (and

Ir retention

pr airflows

statlicpressure at cnpp]y outlet less the static pressureat exhaustinlet

Note 1 to entry: a positive pressure differential occurs when the static pressure at station (3.26) 2 is higher than
the static pressure at station 3. A negative pressure differential occurs when the static pressure at station 2 is

low

3.2

er than the static pressure at station 3.

9

thermal performance measurement
test procedures which measure the temperature and humidity of the supply air when a ventilator is
operating with the outside air and exhaust air at specific psychrometric conditions

© IS0 2022 - All rights reserved
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3.30

unducted ventilator
heat recovery ventilator or energy recovery ventilator which is not intended for connection of ducts to
any of the airflow inlets or outlets except for model-specific exterior termination systems as defined in

3.18
3.31

unit exhaust air transfer ratio

UEATR

RUEATR
tracer gas

entering s
Note1toe

3.32
ventilator)
self-contai

pply air (3.7), at a specified airflow

ry: The formula for Rygarg is given in 9.3.

nhed unit that includes fans to move air through the heat/energy exchanger

the

4 Symbols and abbreviated terms
4.1 Symbols
Symbol Definition Units
C; Tracer gas concentration at station 1 umol/mgl
C, Tracer gas concentration at station 2 umol/mgql
Cy Tracer gas concentration at station 3 pumol/mgl
Ci, Tracer gas concentration (indoor type) umol/mgl
Cout Tracer gas concentration (rooftop type) umol/mgl
Chack Tracer gas concentration (thru-walltype) umol/mgql
Cehamber,i0 | | Tracer gas concentration in the tést chamber at time zero under attempt ith pmol/mgl
Cehamber,iti,] | Tracer gas concentration it the test chamber at attempt ith under time ¢ of jth pmol/mgl
Ceor Coefficient of energy (COE) -
Cp1 Specific heat of drytairat station 1 kJ/(kgK
Cp2 Specific heat of-dfy air at station 2 kJ/(kgK
hy Enthalpy ofthe"air at station 1 k]/kg of dry
air
h, Enthalpyof the air at station 2 kJ/kg of dry
air
hg Enthalpy of the air at station 3 kJ/kg of dry
air
m, Mass flow rate of dry air at station 2 kg/s
mz,net Net mass flow rate of dry air at station 2 kg/s
P,ux Power input to any other electrical components in the ventilator w
P Power input to all electric motors in the ventilator w
Py Power input to ventilator w
Pyma Power value of moving air J/sorW
Dsi Static pressures at station i (i=1,2,3,4) Pa
Pyi Velocity pressure at station i (i=1,2,3,4) Pa
Q Airflows m3/s
6 © IS0 2022 - All rights reserved
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Symbol Definition Units
Q4 Average of the three calculated overall airflow rates with the unit under test in m3/s
operation as described in B.2.1.1 and B.2.1.2; or
supply airflow
Q, Average of the three calculated natural airflow rates of the test chamber with the m3/s
ventilator removed as described in B.2.2.1 and B.2.2.2; or
supply airflow
Q1 Average of the three points with each three times calculated overall airflow rates m3/s
with the unit under test in operation as described in B.2.1.1 and B.2.1.2
Q;; Airflow rate calculated using the data from a test at attempt ith under time t of ]th m3/s
as described in B.2.1.1,B.2.1.2,B.2.2.1 and B.2.2.2
Q2 fet Net supply airflow x’q/\ m3/s
Rydar Net supply airflow ratio (NSAR) N N %
Rydatr Unit exhaust air transfer ratio (UEATR) _ %
T, Temperature of the entering supply air at station 1 (dry bulb) ?\\O °CorK
T, Temperature of the leaving supply air at station 2 (dry bulb) . O °Cor K
T, Temperature of the entering exhaust air at station 3 (dry bukp){v °CorK
T, Ambient temperature O\ °CorK
TLAB Temperature lab ambient /\O\ °CorK
Ty B, avE Temperature lab ambient, average °CorK
T Agmax | Temperature lab ambient, maximum 9\0‘\ °CorK
Tywh.i Ambient temperature at station i (wet bull@@g'l,Z,S) °CorK
t Elapsed time since the start of test unit@e\l"';ltion S
/A Air volume in the test chamber m3
v, Air velocity at PL.2 (See Figure G.1)) m/s
Wg Effective work . (.\‘1: - w
Dry bulb temperature (focﬁt‘gible effectiveness); or °C
X absolute humidity rat (for latent effectiveness); or d Water_'/ kg
total enthalpy (for@t effectiveness). dry air
O K/kg
Vs Specific vo@\w of the supply air (See Formula (10)) m3/kg
£ Effectix@?s’s/ 1
AP ext Extg«gﬁe);tatic pressure difference Pa
D
4.2 Sub@is
<=
d’\ ) Subscript
. ambrent
AVE average
BAR barometric pressure
chamber test chamber
I in chamber
{ ith attempt of test
j Jjth of test time
o in outdoor air
LAB lab ambient
WB wet bulb

© IS0 2022 - All rights reserved
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Subscript

¢ time
0 time zero
10 600 s
20 1200s
30 1800s
12-11or14-31 |difference between station 2 and station1 or same as between 4 and 3
1,2,3,4 station number, respectively
5 General test requirements
5.1 Testjapparatus
The test apparatus shall be consisted of four measurement stations (See Figure-~Y). Measuremgnts
shall be taken at each station of temperature (dry bulb and wet bulb), static pressure and tracer|gas
concentratjon.
5.2 Installation
Equipment|to be tested shall be installed in accordance with the manufacturer’s instructions.
NOTE Jee Figure A.1, Figure B.1, Figure C.1, Figure C.2, Figure C¢3, Figure D.1, Figure D.2 and Figure D.3
5.3 Statjc pressure
Static pregsures shall be measured in accordance with ISO 3996, ISO 5167 (all parts), ISO 5801 or
ISO 13253.
5.4 Ten‘]perature
Temperatufres (dry bulb and wet bulb) shall be measured at four stations (refers of Figure 1).
5.5 Cong¢entration
Concentraflion of tracer gas shidll be measured at three stations (1, 2 and 3 in Figure 1).
5.6 Power input

t shall besmeasured during the test, including power input to any auxiliary items of the ynit.

Power inpt

5.7 Inst]

rument calibration

All measurement instruments shall be calibrated using sensors, transfer standards, and primary
instruments that are traceable (see ISO/IEC 17025:2017, 6.5). Calibration shall be consistent with
in ISO/IEC 17025:2017, 6.4. General requirements for the competence of testing and calibration
laboratories in order to minimize the bias of the instrument. The calibration curves associated with
each instrument shall be available as a permanent record.

© IS0 2022 - All rights reserved
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Airflow tests

General conditions

6.1.1 General

All tested equipment within the scope of this document shall have the airflows determined in
accordance with the following provisions.

6.1

Wh
RH.

6.1

2 Tpmpprnhlrp conditions

bn measuring airflow, the laboratory ambient conditions shall be (20 + 10) °C and 30 %
Laboratory ambient temperature during the test shall be recorded and reported,

3 Speed control settings

The ventilator shall be tested using the manufacturer specified speed control settings. Sp¢
setflings shall not be adjusted during the test.

6.1

4 Unit operating voltage and frequency

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

sup

6.2

6.2

ply frequency at the operating unit shall be within +1 % of the rated frequency.
Ducted heat recovery ventilators and energy recovery ventilators

1 Airflows measured

The gross airflow shall be measured and, fecorded at station 2 (leaving supply air) and 3
(entering exhaust air) as shown in Figure 1, under the static pressure conditions indicated i

6.2

6.2
spe

2 Static pressure conditions

2.1 Inorder to properly.characterize the performance of the unit, the ventilator shall |
Cified maximum rated“and minimum rated airflows and at a minimum of three

RH to 95 %

bed control

The power

t station 3
6.2.2.

e tested at
additional,

approximately evenly spaced intermediate airflows between the maximum rated airflow andl minimum
ratgd airflow. This gives a minimum of five test points as shown in Figure 2. The airflow

sha
ven

1 be reached by adjusting the test apparatus to change the external static pressure differ
kilator is equipped with a speed control device, it shall not be adjusted during this test. P

in watts shalhbe measured and recorded at each test point. The external static pressure d
caldulatedby|py, —pg1| Or |Pss — D3] -

6.2

test points
ence. If the
ower input
fference is

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

© IS0 2022 - All rights reserved
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for installation with model-specific exterior termination system as defined in 3.18, that system shall be
installed in accordance with the manufacturer’s instructions.

Key

Ap

s,ext

3

/‘\/ '
/
(DN
e A

AD; ox@ curve (leaving supply airflow) 4 maximum rated airflow
AD; ox@ curve (entering exhaust airflow) — Apg oy external static pressure difference

minimum rated airflow Q airflows

Figure 2 — Representative chart of airflow performance

6.2.2.3 When testing for airfloWw, the static pressure measurement requirements of 6.2.2.3a) or

6.2.2.3b) shall apply.

a) Only for units tested id-ayducted setup:

1

2)

3)

For the maximam and minimum rated airflows, the absolute value of static pressure at iplet
(pl1) and oatlet (pg,) shall be equal within 10 Pa or 5 %, whichever is greater, of the largqr of
the measured values of pg; or p,,, except as noted in 6.2.2.2.

THecabsolute value of static pressure at inlet (pg3) and outlet (pg,) shall be equal, within 10 Pa
or Hmrmj i ; 3 m ted

in6.2.2.2.

For each intermediate test point, the absolute value of static pressures at each inlet and outlet
(Ps1> Ps2» DPs3 and pg,) shall be equal within 10 Pa or 5 %, whichever is greater, of the largest of
the measured value of pyy, ps,, Ps3 Or pgy, €Xcept as noted in 6.2.2.2.

b) Only for units tested in a two-rooms setup:

1y

10

For all tests the value of static pressure at inlet (pg;) and inlet (p3) shall be <0 Pa, and (p,;) and
(ps3) shall be equal within 10 Pa, or 5 %, whichever is greater, of the larger of the measured
values of py; or pgs.
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2) The value of static pressure at the outlets (p,,) and (py4) shall be equal, within 10 Pa, or 5 %,
whichever is greater, of the larger measured value of p, or p 4, except as noted in 6.2.2.2.

Ap

s,ext

Key
1 Apg ey-@ curves AP ext external static pressure difference
2 minimum rated airflows Q airflows

3 maximum rated airflows

NOTE Each of the individual Apg .-@'Curves shown here is generated at a different speed confrol setting.
In this example, the ventilator either has’just five discrete speed control settings or has a continuoysly variable
speg¢d control. See 6.2.2.4. For simplification, in this example only the supply air Ap; .,-Q curves are $hown.

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

6.212.4 For units With speed controls, additional airflow tests shall be performed at the alternate
spepd settings. If the speed control device setting is infinitely variable, the test as describefl in 6.2.2.1
shall be perforimed separately at a minimum of five speed control settings, including the Highest and
lowest speed’control setting and a minimum of three additional approximately evenly spficed speed
confrolsettings between the highest and lowest settings.

6.2.2.5 If supply and exhaust airflows cannot be measured simultaneously, static pressures at all
four stations at the time of measurement of the second airflow shall be 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.

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

Airflow measurement methods are given in Annex A.
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6.3 Unducted heat recovery ventilators and energy recovery ventilators

6.3.1 Airflow measured

The net supply airflow shall be determined. Power input, in watts, shall be measured and recorded.

6.3.2 Static pressure conditions

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

6.3.3 Airflow measurement methods for unducted heat recovery and energy recovery
ventilatorg

Net supplyjairflow measurement of decay method is given in Annex B. Alternately, the netstipply airflow
for unducted ventilators may be measured at points 1 and 2 in Figure 2 and in Figure:3;by the methods
given in Aphnex A and Annex C, and Formulae (4) to (6) in 9.4.2 provided that appropriate plenfims
are constrficted around the inlets and outlets as indicated in Annex G. If the ventilator is designed for
installation with model-specific exterior termination systems as defined in 3.18, that system shalll be
installed ir) accordance with the manufacturer’s instructions.

7 Tracqr gas tests

7.1 General conditions

All heat refovery ventilators and energy recovery ventilaters within the scope of this document shall
have the upit exhaust air transfer rate and the net supply airflow rate or net supply airflow voljime
determinedl in accordance with the provisions of this clause of this document.

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

7.2 Temperature conditions

During trager gas tests the laboratory-ambient conditions shall be (20 + 10) °C and 30 % RH to 95 %|RH.

7.3 Predonditions

Airstreams shall be held at1aboratory ambient temperature and humidity conditions and shall renpain
stable for the duration‘efthe tracer gas test. Test(s) shall be performed until tracer gas levels Have
stabilized yvithin +5 %pef the mean value of tracer gas concentration variation.

7.4 Airflow,conditions

Tracer gasltesting shall be performed at the same static pressures_and at the same speed conltrol

setting used for the thermal performance measurement as required by 6.2.2.2, 6.2.2.3 and 6.2.2.4 in
accordance with the setup type (ducted or two-rooms) chosen for the tracer gas testing.

7.5 Unit operating voltage and frequency

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

7.6 Tracer gas measurement methods

Tracer gas measurement methods are given in Annex B or Annex C.
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8 Determination of efficiency

8.1 General conditions

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

8.2 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 columns
T1 through T4 and T8 in Table 1. Tests at heating conditions shall be carried out underth€|conditions
givén 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)

Standard test conditiens
Parameter

T1 T2 T3 T4 | T8
Temperature of 35
entpring suppl
ai:EoC)g PPy 23 24 31 24 24
Temiperature of 21 24 27 27 25
entpring exhaust
air [°C) 15 17 20 19 18
NOTE 1 Allowable variation of readings are given in Table F.2.
NOTE 2 T8 is new condition.

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

Standard test conditions
Parameter

T5 Té6 T7
Temperature of |dry bulb 2 5 7
entering supply _[S5% puib
air (°C)
Temperatureof ™ |dry bulb 21 20 20
entering exhaust [ . puip 14 15 12
air (°C)
NOTE, ) Allowable variation of readings are given in Table F.2.

8.3| Preconditions

The test'‘room reconditioning apparatus and the equipment under test shall be operated until
equiilibrium conditions are attained, satisfying the tolerances given in Table F.2 over 30 fontinuous
minutes. Capacity test data are taken during the last 15 min of this stability period.

8.4 Airflow conditions

8.4.1 Required rating point

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

Thermal performance measurements shall be performed with the supply airflow and return airflow
volumes equal, within 0,000 6 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, 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.

8.5 Static pressure conditions: ducted heat and energy recovery ventilators

Thermal p
controlled
room) chos

8.6 Stat

The therm
outlets eqy

8.7 Unitloperating voltage and frequency

The power
supply fred

8.8 The

Thermal p
airflow, gr

9 Performance calculations

9.1 Performance calculations: ducted ventilators

Performan
values takg

net supply airflow. (S€e 9.4.1 and Annex A);

brformance measurements shall be performed with the static pressures at inlets and-ouf]
as required by 6.2.2.2, 6.2.2.3 and 6.2.2.4 in accordance with the setup type (ducted\of t
en for the thermal performance measurements.

c pressure conditions: unducted heat and energy recovery ventilators

hl performance measurements shall be performed with the static pressures at all inlets
al within #2,5 Pa.

supply voltage at the operating unit shall be within +2°%v0of the rated voltage. The po
uency at the operating unit shall be within 1 % of therated frequency.

'mal performance measurement

bss effectiveness, coefficient of energy and-effective work are given in Annex D.

ce calculations for duéted ventilators are calculated based upon the average measy
n during the testing(period and shall include:

haust air transférratio (see 9.3 and Annex C);

ffectiveness (see 9.5 and Annex D);

iert'of energy (see 9.6.1 and Annex D);

lets
WO-

and

Wer

erformance measurement methods which ing€lude unit exhaust air transfer ratio, net supply

red

a) unitex
b)
C) grossé
d) coeffig
e)

effective work (see 9.7.1 and Annex D).

9.2 Performance calculations: unducted ventilators

Performance calculations for unducted ventilators are calculated based upon the average measured
values taken during the testing period and shall include:

a) netsupply airflow (see 9.4.2 and Annex B);

b) gross effectiveness (see 9.5 and Annex D);

coeffic

<)

ient of energy (see 9.6.2 and Annex D);

d) effective work (see 9.7.2 and Annex D).

14
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Unit exhaust air transfer ratio (UEATR)
unit exhaust air transfer ratio is given by Formula (1):
C-C

3—Cq

x100

RygaTr =

where

Rygarr  is the unit exhaust air transfer ratio (%);

9.4

9.4
Net

whg

whg

and|

9.4

Net
For|

Q2 net is the net supply airflow (m3/s);

Q, is the supply airflow (m3/s);
Rysar is the net supply airflow'ratio (%).
bre

Rysar =100 —Rygatr
Rygarr is the unitiexhaust air transfer ratio (%).

2 Net supply airflow: unducted units

supply=airflow for unducted units as defined in Annex B shall be calculated as shown in th|

mulaed4) to (6):

C, is the tracer gas concentration at leaving supply air (station 2), (umol/mol);
C; is the tracer gas concentration at entering supply air (station 1), (Lmo}/nol);
Cs is the tracer gas concentration at entering exhaust air (station 3), (i'mol/mol).
Net supply airflow
1 Netsupply airflow: ducted units
supply airflow for ducted units shall be calculated as shownlin the following Formula (2}):
Rysar
= —22 X
QZ,net 100 Q
bre

e8]

(2)

3)

e following

0.

(4)

0. =0
xz,net <1 X4

_V_ n (Cchamber,i,O _COA,i,O)

ti,j (Cchamber iti,j _COA i,O)

Z 21 800 VC chamber,i,O _COA,I',O)
=1Lt = 600t

(Cchamber iti,j COA,i,O)
9

Q2=

where, when corrected to standard temperature and density:

©IS
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(6)
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Q2 net is the net supply airflow (m3/s);

Q4 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);

Q, 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);

Q1 is the average of the three points with each time of three attempts 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):

i represents the number of attempt (1,2,3) and j represents test times at 600, 12 PO s
and 1 800 s of each attempt described in B.2.1.2 and B.2.2.2;

Qi) is the airflow rate calculated using the data from attempt ‘i’ and time j* as described
in B.2.1.1, B.2.1.2,B.2.2.1 and B.2.2.2 (m3/s);

V. is the air volume in the test chamber (m3);

ti is the elapsed time since the start (at time zero) of test unitoperation at time of test
in attempt (s);

Cehambbrio 1S the initial tracer gas concentration in the test chamber at time zero (umol/mol});

Conio is the tracer gas concentration in the air outside the chamber at time zero of t¢st i
(umol/mol);

Cehambpricij 1S the tracer gas concentration in the tést chamber of a test at attempt i’ and tinje '

(umol/mol).

9.5 Gross effectiveness,

The gross $ensible, latent, or total effectiveness of an HRV or ERV at test conditions is described by|the

following Hormula (7):

- by 2) (7)

~(xq-x3)

where x eqguals one of the fellowing for the test condition under consideration:

—u

X gthe dry-bulbitemperature (for sensible effectiveness), °C; or

x  idthe abselute humidity ratio (for latent effectiveness), kg water/kg dry air; or

x  idthe total enthalpy (for total effectiveness), k]/kg;

1 is station 1;
2 is station 2;

3 is station 3.

16 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=53b34a3f67c484ea1b4a1a46305c07cb

1SO 16494-1:2022(E)

9.6 Coefficient of energy (COE)

9.6.1 Coefficient of energy: ducted ventilators, CCOE‘ ducted

The coefficient of energy, C-q, of a ducted ventilator is described by the following Formula (8):
(|rtz met (Ao —hy )|X1 000)+ Py,

CCoE ducted = b (8)
in

where

hy is the enthalpy of the air at station 1 (k]J/kg of dry air);

h, is the enthalpy of the air at station 2 (k]J/kg of dry air);

1M net is the net supply mass flow rate at station 2 (kg/s);

Pyma is the power value of moving air (J/s or W);

P, is the power input to ventilator (W).
and

: : Rygatr

My net = My X [1_W] 9)
and

Pyma = (Zflpsi +pvi|) X Iy net X Vs (10)
whére

Vg is the specific volume of the leaving supply air (m3/kg);

Dsi are the static pressures at the inlet(s) and outlet(s) (Pa);

Pyi are the dynamic'pressures at the inlet(s) and outlet(s) (Pa).
and

Pin = Pem +Paux (11)
whére

Pm isthe power inpllf toventilatorin npprnfinh (\/\/);

P is the power input to all electric motors in the ventilator (W);

P,ux is the power input to any other electrical components in the ventilator (W).
9.6.2 Coefficient of energy: unducted ventilators, CCOE,un ducted
The coefficient of energy, C.og, of an unducted ventilator is described by the following Formula (12):

CcoEunducted = P.ne (hy ~y )t 000 (12)

P.

n
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where

P

aux

9.7 Effe

9.7.1 Eff
The effecti

Wgw ad

9.7.2 Eff

The effecti

WEW,ur

9.7.3 W}
made in eif

is the enthalpy of the air at station 1 (k]J/kg of dry air);
is the enthalpy of the air at station 2 (k]J/kg of dry air);
is the net supply mass flow rate at station 2 (kg/s);

is the power input to ventilator in operation (W).

aux

is the power input to ventilator in operation (W);

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

ctive work (EW)

ective work: ducted ventilators, Wy Gy cred

cted :Pin ><(CCOE,ducted _1) = (|m2,net X(hz _hl )|X1 000)+ Pvma _Pin

pctive work: unducted ventilators, Wey nducted

ducted = Pin ><(CCOE,unducted _1) = |m2,net X(hZ _hl )|X1 OOO_Pin

her €cop or Wiy

is the power input to any other electrical componénts in the ventilator (W).

ve work, Wy, of a ducted ventilateris described by the following Formula (15):

ve work, Wgy, of-dnunducted ventilator is described by the following Formula (16):

13)

14)

15)

16)

en moisture transfer is not of interest or does not occur: the following substitution canp be

|hy =Py
where

hy

h;

c

pl

sz

18

|=|(cp2 XTZ)_<Cp1 xTy )|

is the enthalpy of the air at station 1 (k]/kg of dry air);
is the enthalpy of the air at station 2 (k]/kg of dry air);
is the specific heat at supply airflow at station 1 (kJ/(kg-K));

is the specific heat at supply airflow at station 2 (k]/(kg-K));

(17)
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T; is the temperature of the supply airflow at station 1 (dry bulb) (K);

T, is the temperature of the supply airflow at station 2 (dry bulb) (K).

10 Test results

All measurements made under this document need to be reported together to accurately characterize
ventilator performance. Sample data collection and reporting worksheets are provided in Annex E.
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Annex A
(informative)

Airflow measurement methods for both ducted and unducted
ventilators — Test equipment

The test equipment shall be as follows:

a) The upit shall be equipped with ductwork, airflow measurement devices, and pressure-balan¢ing
means|{as shown in Figure A.1.

b) Static pressure controllers shall be provided as necessary to balance the static(ressures at|the
inlets pnd outlets as prescribed. Static pressure controllers may include dampets and or sp¢ed-
contr(]l‘lable blowers. The static pressure controllers shall be airtight if they'are located between
the ventilator and the airflow measuring apparatus.

c) Static pressure measurement devices shall be located so as to accurately characterize the stfatic
pressures at the inlets and outlets of the ventilator. Appropriate measturement devices are further
definefl in ISO 3966, ISO 5167 (all parts), and ISO 5801.

d) The aifflow shall be measured according to ISO 3966, ISO 5167 (all parts), and ISO 5801 shalll be
expregsed in standard m3/s.

Figure A.1 shows the basic measurement principle.

2 (> ? 4 2

U
3

2 ] <h—| 4 2
3

WET

W&

Key

1  ventilagor a  Entering supply air (OA).
2 static pfessure control apparatus b Leaving supply air (SA).

3 static pfessure nieasuring apparatus ¢ Entering exhaust air (RA).
4  airflow|measuring apparatus d  Leaving exhaust air (EA).

Simultaneoys/measurement of supply and exhaust airflow is preferred. However, at least one airflow meaSL1ring
apparatus S Alhe in use a¢ per 6228

Figure A.1 — Arrangement for airflow measurement
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Decay method for measurement of net supply airflow

B.1Measurementequipment—— 000

B.1j1 Tracer gas, sampling equipment, room volume and gas concentration levels shalbbe selected so
as tp be capable of accurately measuring the unit performance.
B.1j2 Three sampling pipes shall be installed inside the test chamber, in\three vertical positions
aropind the centre of the chamber.
B.1{3 The inner wall material of the test chamber shall not be gas perimeable or gas absorbent.
B.114 The air tightness of the test chamber shall be 0,3 or lessifatural air change per hour.
avi YAV A EEEEA SE L AL /
%
2 /1
4
6 f /
> o /
o
_; v 4
Y 4
4 1 3 O5 4
4
4
d
C
<I| [ %
5
; s f
Y 4
4
b 7 7 /
Key
1 [ventilator 6  outdoor sampling pipes
2 |testchiamber a2 Entering supply air (OA).
3 |ihdoor side b Leaving supply air (SA).
4  outdoor side ¢ Entering exhaust air (RA).
5 indoor sampling pipes d  Leaving exhaust air (EA).

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

B.2 Measurement procedures

B.2.1 The tracer gas concentration measurement shall be as follows:
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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 with approximately equal spacing between the floor and the
ceiling. Stop the supply of tracer gas to the chamber. The ventilator shall not be operating. The tracer
gas concentration shall be such that tracer gas will be measurable after 30 min of operation of the unit
under test. The measurement shall be started after the tracer gas supply is stopped and confirming that
the tracer gas concentration of station 3 (RA) in Figure B.1 is stably decreased

B.2.1.2

making sejeral measurements and confirm that the tracer gas concentration of stationt3{RA
Figure B.1|is stably decreasing. Start to measure the concentration of tracer gas at time Zero. Req
the concenfration of the tracer gas at time zero, 600 s, 1 200 s and 1 800 s after the startiof the test.

B.2.1.3 T

B.2.2 De

and seal thie unit installation opening.

B.2.2.1 M
gas and ¢
concentrat]
ceiling. Stg
tracer gas
shall be st3
of station 3

B.2.2.2 W™
concentrat
zero is the

B.2.2.3 T

easurement of concentrations of tracer gas during the test: Start the ventilatar] Al

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

ermination of natural air change rate with ventilator not in operation: Remove the test

[easurement of initial concentration of tracer gas: Filkthe test chamber with the tr
rify that the concentration level is uniform throughout the chamber by measuring
jion in at least three locations with approximately egual spacing between the floor and
p the supply of tracer gas to the chamber. The.tracer gas concentration shall be such

rted after the tracer gas supply is stopped and confirming that the tracer gas concentra
(RA) in Figure B.1 is stably decreased

[easurement of concentrations of(tracer gas during the test: Measure and record
ion of tracer gas at time zero, 600's;'1 200 s and 1 800 s after the start of the test, where
time of the first measurement.

he test as described in B:2:2.1 and B.2.2.2 shall be performed three times.

fter
in
ord

Init

hcer
the
the
that

will be measurable after 30 min of natural ventilation of the chamber. The measurement

[ion

the
ime

22

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=53b34a3f67c484ea1b4a1a46305c07cb

1SO 16494-1:2022(E)

Annex C
(informative)

Unit exhaust air transfer ratio measurement methods

C.l—Jesteguipment
C.1]1 The unit shall be equipped with ductwork, and external static pressure contrellers.

san|

acc

All
roo

C1
trag

C1
sha

Thi
req

b)

pling equipment, room volume and gas concentration levels shall be selected s asto be
irately measuring the unit internal and external leakages.

test equipment arrangements can be divided into two categories: ducted test facilitie
 test facilities.

2 The tracer gas generation equipment shall be designed ta. provide a stable conce
er gas that is uniform in the chamber or duct to which the tracép gas is introduced.

3 Measurement equipment shall be provided at each{location where tracer gas cof
| be measured such that

tracer gas concentration readings are taken at.afiinimum of three representative loc
and 3 in Figure 1), or

(i.e., a sampling grid).

5 equipment shall meet the following requirements (mixing devices may be necessary to
1irements):

a gas chromatograph analyser or an alternative instrument that satisfies the uncef
measurements required'by Annex F; if the analyser will be sequentially measuring the
concentration in samples from more than one of the stations, then either the data or
from the beginning ef'each sample measurement period should be purged until the coj
readings have stabilized;

a means ofdinjécting a tracer gas that is nontoxic, identifiable, measurable, and iner
tracer gasesinclude, but are not limited to SFy and CO,; and

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

Tracer gas,
capable of

5 and two-

ntration of

jcentration

itions (1, 2

by a means of collecting and transportingir samples from these multiple locations to the analyser

meet these

tainties of
tracer gas
the sample
jcentration

. Common

vhen taken

C.1.4 Ducts and other components of the test equipment shall not be permeable to or absorbent of the
tracer gas.

C.1.

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

C.1.6 Static pressures shall be measured according to ISO 3966, ISO 5167 (all parts), 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.
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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.

C.3 Procedure for ventilators intended for installation in a conditioned space

C.3.1 General

These tests determine the total amount of leakage inside the unit from the exhaust air, x5, to the fresh
air, x,, and from the surrounding room to the fresh air, x,.

C.3.2 Testing by injection of tracer gas into outside air
C.3.2.1 Atracer gas shall be injected into a turbulent region upstream of station 1 (See Figure C.1).
C.3.2.2 Alir 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, Ryygsr, shall be determined.
f
— | i
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7 8 <9
QI
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@»‘T 5
_ 77
12 [TE43 Eh
3191 |3
g <3 2 @h
3 3

Key
1 ventilafor 9 testfacility
2 static pfessure contrélapparatus a  Entering supply air (OA).
3 static pressure m€asuring apparatus b Leaving supply air (SA).
4  airflow|measuring apparatus ¢ Entering exhaust air (RA).
5 tracer gag-Samipler d  Leaving exhaust air (EA).
6  tracer gasSeuree & Make-up-air-inlet
7  air mixer f Supply air outlet.
8  air conditioning apparatus g  Exhaust air outlet.

Figure C.1 — Basic measurement principle schematic for ducted R;,;p measurement system
for ventilators intended for installation in a conditioned space

C.3.3 Testing by tracer gas injected into indoor chamber

C.3.3.1 Atracer gas shall be injected into the inside room (See Figure C.2).
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C.3.3.2 Air samples shall be drawn from stations 1, 2 and 3 to determine the concentration of the
tracer gas.

C.3.3.3 Unit exhaust air transfer ratio, Rygar, shall be determined.
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ventilator

static pressure control apparatus
static pressure measuring apparatus
airflow measuring apparatus

tracer gas sampler

tracer gas source

air mixer

air conditioning apparatus

“indoor” test facility

10 “outdeor” test facility

a2 Entering supply air (OA).
b ‘ULeaving supply air (SA).

¢ Entering exhaust air (RA).
d  Leaving exhaust air (EA).
¢ Make up air inlet.

f Supply air outlet.

g  Exhaustair outlet.

ire C.2 — Basic measurement principle schematic for two-room Ry ,;gp measuremg

nt system

forj ventilators intended)for installation in a conditioned space, with tracer gas introduced into

C.4{ Procedure for ventilators intended for installation in outdoors space

C4

“Indoor” chamber

1 AThis test determines the amount of leakage inside the unit from the exhaust air to tl-1e fresh air.

C.4.2 A tracer gas shall be injected a turbulent region upstream of station 3 or into the inside room.

C.4.3 Airsamples shall be drawn from stations 1, 2, and 3 to determine the concentration of the tracer

gas

(See Figure C.3).
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C.4.4 Unitexhaust air transfer ratio, Rjjgorg, shall be determined.
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Key
1 ventilagor 9 testfacility
2 static pfessure control apparatus 2 Entering supply air (OA).
3 static pfessure measuring apparatus b Leaving supply.air (SA).
4  airflow|measuring apparatus ¢ Entering exhaust air (RA).
5 tracer gas sampler d  Leaving‘éxhaust air (EA).
6  tracer gas source ¢ MakeWp air inlet.
7  air mixer f Eghaust air outlet.
8 air condlitioning apparatus g \<CSupply air outlet.
Figure C|3 — Basic measurement principle.schematic for ducted Ry;; ,rr measurement system
for ventilators intended for installation outdoors
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Annex D
(informative)

Thermal performance measurement

D.1
sha
rec

D.1
bal:
med
min
unt

plenums required to connect these devices to unducted inletS'or outlets is described in D.

sho

D.1
and

D.1
exp

D.1

manufacturer.

D.1
or ¢
effe

©IS

1 When measuring thermal performance as per Figure D.1, the laboratory ambient
1 be (20 £ 10) °C and 30 % RH to 95 % RH. Laboratory ambient temperature durihgthe t
rded and reported.

2 Unit shall be equipped with ductwork, static pressure measurement devices, an
incing means as shown in schematic Figures D.1, D.2 and D.3. Temperature and humidit

ute. Once the unit is at steady-state, operation, including precofiditioning as per 8.3, shd
1 at least 30 measurements have been recorded over a period-of at least 15 min. Cons|

vs an example of plenum construction.

3 Static pressures shall be measured accordingto'ISO 3966, ISO 5167 (all parts), an
shall be expressed in Pa.

4 Airflow shall be measured according teISO 3966, ISO 5167 (all parts), and ISO 5801 3
ressed in standard m3/s.

5 Ducts connected to ventilatoriinlets and outlets shall be of the dimensions speci

utlet and the temperature measuring instruments, so that the test results are not char
cts of surrounding temperatures.

conditions
bst shall be

 pressure
y at all the

isurement stations shall be recorded during the testing period at-a Tate of not less than once per

11 continue
truction of
P. Annex G

1 1SO 5801

nd shall be

fied by the

6 The ducts shall be thermally insulated to minimize heat leakage between the equipment inlet

ged by the
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6 | |

) NC

_____ | 2
Key
1 ventilador 7  reliefinlet/outlet
2 static pfessure control apparatus 8 temperature and humidity measuring insttument
3 static pfessure measuring apparatus a  Entering supply air (OA).
4  airflow|measuring apparatus b Leaving supply air (SA).
5 air mixer ¢ Entering exhaust air (RA).
6  air conglitioning apparatus d  Leaving exhaust air (EA).
NOTE Airflow measurement devices are optional. Temperature and humidity”measurement and miking
station at stjation 4 (EA) are optional.

Figure D.1 — Basic measurement principle schematic for ducted thermal performance
measurement setup
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Key
1 [ventilator 8 “outdoor” testfacility
2 |static pressure control apparatus 9  “indoor*test facility
3 [static pressure measuring apparatus a2 Entering supply air (OA).
4 |airflow measuring apparatus b Leaving supply air (SA).
5 |air mixer ¢ @Entering exhaust air (RA).
6 |air conditioning apparatus 4> Leaving exhaust air (EA).
7 |temperature and humidity measuring instrument
NOTE Airflow measurement devices an€) optional. Mixing station and temperature anfl humidity

megsurement at station 4 (EA) are optional.

Figure D.2 — Basic measurement principle schematic for two-rooms thermal perfofmance
measurement for ventilators intended for installation in a conditioned spac¢
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Key
1  ventilator 8 “outdoor” test facility
2 static pressure control apparatus 9 “indoor” test facility
3 static ;[ressure measuring apparatus a Entering supplydir (0OA).
4  airflow measuring apparatus b Leaving supplyair (SA).
5 air miger ¢ Entering exhaust air (RA).
6  air corlditioning apparatus d Leaving'exhaust air (EA).
7  temperature and humidity measuring instrument
NOTE Airflow measurement devices are optional, (Mixing station and temperature and humidity

measuremeht at station 4 (EA) are optional.

Figure|D.3 — Basic measurement pringiple schematic for two-room thermal performance
measurement for ventilators intended for installation outside

D.2 Test performance

Verify thaf the difference between the highest and the lowest temperatures inside the duct at|the
temperatufe measurement{ocation will not be more than 0,3 K. Provide a mixing device upstreatn of
the temperfature measurement location if necessary to meet this requirement.
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The example data collection and reporting sheets are provided in Tables E.1 to

Annex E

(informative)

1SO 16494-1:2022(E)

Example data collection and reporting sheets

E.14.

Table E.1 — Airflow measurement per Annex A

Airflow measurement: Collected data?

Point 1 . . . Point 5 .
(Max) Point 2 Point 3 Point4 (Min) Unit
Tenjperature (dry bulb) b T,c °C
Ts °C
T, °C
Tenjperature (wet bulb) WB.1 S
Twg,2 C
Barpmetric pressure, lab ambient PBAR kPa
Tenjperature, lab ambient TiaB °C
Ps1 Pa
Pa
Staflic pressuresd Ps2
Ps3 Pa
Psa Pa
. Ap, Pa
Ap qdtnozzles, or velocity pressures®
Aps Pa
Pa
Statlic pressures before nozzles® PsN2
Py g Pa
Volfagef |4 v
Power input in w
Curfent A A
Frequencyf f Hz
High,
Spepd control setting® — medium,
and low

airf

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

Point 1 is the \/maximum rated airflow. Point 5 is the minimum rated airflow. If the unit has multiple speed contro|
ow performance test is repeated to characterize unit airflow at the different speed control settings.

Psychfiontetric conditions are measured to determine mass flow rates and equivalent volumetric flow rates at standar

cettings, the

 density.

Measured relative to [ab atmospheric pressure. Static pressures are to be controlled within specitic tolerances.

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

To be controlled within tolerances.

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

Table E.2 — Airflow performance per Annex A: Calculated results

Airflow performance: Calculated results?

Point 1 . . . Point 5 .
(Max) Point 2 Point 3 Point 4 (Min) Unit
Leaving supply airflow | Q, m3/s
a2 Point 1 is the maximum rated airflow. Point 5 is the minimum rated airflow.
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Table E.2 (continued)

Airflow performance: Calculated results?
1}?\;2;)1 Point 2 Point 3 Point 4 P((l)vllrilrtl)s Unit
Entering exhaust airflow Qs m3/s
External static pressure Aps,ext[Z-l] Pa
difference APy ext[3-41 Pa
3 Point 1 is the maximum rated airflow. Point 5 is the minimum rated airflow.
Table E.3 — Airflow measurement per Annex B
Data collected with Ventilator running?
Test 1P Test 2 Test 3 Unit

Ambient tenjperature (dry bulb) ¢ T, °C
Ambient tenjperature (wet bulb) Twga °C
Barometric pressure, lab ambient PgaRa kPa
Temperatur¢, lab ambient TiaB °C

Crro pmol/mel
Tracer gas cpncentration in chamber,| Cie10 pmol/mpl
Cei® Cii20 pmol/mel

Ce30 pmol/mel

Co,to pmol/mel
Tracer gas c¢ncentration in Co,t10 umol /mgl
outdoor air, [ ,; Co.c20 pmol/mel

Co,r30 umol/mgl
Voltage® 4 \'
Power Input P;, w
Current A A
Frequency® f Hz
Speed contr¢l settingf — ng;‘lglfo(uum’
a  If the unit has multiple speed control settings, the airflow performance test is repeated to characterize unit airflow at the diffgrent
speed control|settings.
b For any dgne speed control setting)the test procedure is repeated three times.
¢ Psychrorhetric conditions/ate'measured to determine mass flow rates and equivalent volumetric flow rates at standard density.
d  Subscripf n indicates/the(time in minutes after beginning the test at which the measurement is taken.
¢ To be corftrolled within tolerances.
f Speed is pot measured. Control setting (if any) is recorded.

Table E.4 — Airflow measurement per Annex B: Calculated Results with ventilator removed

Data collected with Ventilator removed
Test 12 Test 2 Test 3 Unit
Ambient temperature (dry bulb)b T, °C
Ambient temperature (wet T oC
bulb) WBa

a  With the ventilator removed, the test procedure is repeated three times.

b Psychrometric conditions are measured to determine mass flow rates and equivalent volumetric flow rates at standard
density.

¢ Subscriptiindicates the time in minutes after beginning the test at which the measurement is taken.
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