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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 — Testing and calculating methods for seasonal
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performance — Part 1: Development of metrics for evaluation of energy related performance

3

For
appl

ISO

rformance factor —

at recovery ventilators (HRV)

Scope

document specifies the testing and calculating methods for sensible heating recovery seasonal
brmance factor of heat recovery ventilators (HRV) covered by ISO 46494-1.

document also specifies the test conditions and the corresponding test procedures for determining
sensible heating recovery seasonal performance factor of HRV and is intended for juse only in
king, comparison, and certification purposes. For the purposes of this document] the rating
itions are those specified in ISO 16494-1 and in Annex'B.'The procedures of this document may be
for other temperature conditions.

Normative references

following documents are referred to in the text in such a way that some or all of their content
titutes requirements of this document.”For dated references, only the edition cited ppplies. For
ited references, the latest edition ofithe referenced document (including any amendments) applies.

16494-1:2022, Heat recovery .ventilators and energy recovery ventilators — Method| of test for

Terms and definitions

he purposes of ¢his document, the terms and definitions given in ISO 16494-1 and the following
.

ind [EC ntaintain terminology databases for use in standardization at the following addresses:

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

EE Flpr‘rrnppdin- available at https:-//wwwelectropedia.org/

3.1

heat recovery
<sensible heating> transfer of sensible energy from exhaust air to supply air in the HRV while heating

3.2

bypass ventilation function

func
ener

Note

tion for reducing power input of the fans while the heat energy recovered is less than the additional
gy input due to overcoming the resistance of recovery heat exchanger during its operation time

1 to entry: The bypass function makes the supply air and exhaust air go through the heat recovery exchanger

bypass with energy saving control.

©1S0 2023 - All rights reserved 1
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3.3
coefficient

of energy

<sensible heating> total sensible heating energy exchanged between the air streams plus the power
value of moving air, divided by the power input

Note 1 to entry: The formula for determining Cgp 4 ¢ ; is given in 6.2.1 and C, , 4 in 6.2.2.

3.4

gross effectiveness
<sensible heating> measured effectiveness, not adjusted for leakage, motor heat gain, or heat transfer
through the unit casing

Note 1 to ¢
ISO 16494-1

3.5
bypass out]
Ty,
outdoor te
operating i
heat recove

3.6
seasonal p
Fsh_
ratio of sea

whole ele

c
selected frjm this standard

3.7
building hg¢
Tgug

outdoor air
loss throug

Il bypass mode is equal to the saving of electric power input to the heating system due t

ntry: The sensible heating gross effectiveness of an HRV, at equal airflow, is describg
2022,9.5.

door temperature
perature in heating conditions, at which the electric power reduction to the HR]

red by the HRV

brformance factor of sensible heating recovery

sonal amount of sensible heat recovered together with power value of moving air tc
ricity input of HRV, under the rating conditions @nd seasonal outdoor temperature

tating balance temperature

temperature at which building internal heat gain, solar radiation, and so on, equals to
h the building envelope

d in

V by
b the

the
bins

heat

4 Symbols and abbreviated terms

Symbol Description Unit

Egy, Capacity of seasonal sensible heating recovery Wh

Coh,d Sensible heating coefficient of energy for ducted ventilator at outdoor air | W/W
bin temperature ¢;

Cohyu,d,t Sensible heating coefficient of energy for unducted ventilator at outdoor | W/W
air bin temperature ¢;

p Specific heat of leaving supply air (SA) kJ/kg- °Q

LSh,t,j Rtrtl CIILC UuLLlUUl dil DCllbi‘Ult llCdLillg iuad dl UuLdUUl dil ‘Uill LCIIpTTdturc L]' ‘V‘V,

n; Bin hours which the outdoor air bin temperature occurs h

n Number of temperature bins -

Pinti Power input to ventilator at outdoor air bin temperature ¢; w

Pinnot Power input to the HRV to operate the fans at outdoor air bin temperature | W
t; for all stages, for HRVs without bypass

Pin byt Power input to the HRV at outdoor air bin temperature ¢ for bin temper-|'W
ature in stage 1 or 2, for HRVs with bypass

Pinhtj Power input to a supplementary preheater at full capacity W

Pinvt Ventilation power input of the HRV at outdoor air bin temperature w

Pymat Power value of moving air at outdoor air bin temperature t; J/sor W

2 © IS0 2023 - All rights reserved
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Symbol Description Unit

P g Electricity power input of seasonal sensible heating recovery Wh
Qm2, net Net supply mass flow rate kg/s

Fy, Seasonal performance factor of sensible heating recovery Wh/Wh
T, Outdoor air temperature when HRV operates under air bypass function |°C

Tr The outdoor air bin temperature at which the frost occurs °C

Tsetn Temperature defined in ISO 16494-1:2022, Table 2 as T5/T6/T7 °C

£ Gross sensible heating effectiveness of HRV %

Dh Sensibleheatrecoveryeapacity-of the HRV-atoutdoorairbintemperatare-t1

5 [lests

5.1 | General requirements

The [test conditions used, the accuracy and uncertainties of the instrunmients used shall canform with
ISO 16494-1 and those in this document.

5.2 | Test conditions

For the purpose of ¢, E;, and F;, there are three standard test conditions T5/T6/T7 corregponding to
ISO [16494-1:2022, Table 2. The HRV shall be tested at one of the three test conditions, which shall be
sele¢ted to most closely represent the outdoor temperature bin distribution in the region as described
in Ahnex B and Annex D.

Outdoor temperature bin distribution and bin hours differ from region to region. If bin hourg are set to a
certpin value for a certain region, the integrated value of heating load and electric energy cpnsumption
can pe determined.

Tablg 1 shows the requirement of defaultvalues and the reference outdoor temperature bin distribution
for !est and calculation. In case of ‘'setting other outdoor temperature bin distribution, refer to the
setting method as described in Ahnex D.

Table/1 — Conditions of performance test (heating)

Qutdoor air temperature | Indoor air temperature Application
(°Q) (°Q) temperature bin type
Drybulb | Wetbulb | Drybulb | Wetbulb for calculation
T5 2 1 21 14 In AnnexBorD
T6 5 3 20 15
T7 7 6 20 12
NOTE  Allowabhle variation of readings is given in Tahle E2 in 1S0 1A494-1:2022

5.3 Test methods

5.3.1 General

For higher seasonal energy performance, HRV can be designed with airflow bypass function integrating
fan speed control or airflow dampers adjust, which can change the fan power input according to
different outdoor temperature condition, while keeping necessary aerodynamic performance.

©1S0 2023 - All rights reserved 3
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5.3.2 Energy saving stage limit temperature

To assess the energy saving ability of HRV, the operation stages under the application temperature bin

are shown i

5.3.3

n Annex A using a schematic diagram.

Sensible heating recovery performance test

5.3.3.1 Standard condition performance tests

The sensible heatlng recovery performance tests shall be conducted in accordance with ISO 16494-1.

The sensiblg
measured ¢

5.3.3.2 DE

The sensib
determined

5.3.4 Detfermination of bypass outdoor temperature

The manuf:
that the un
the manufa
accordance

rrespondlng to the selected standard heatlng performance tests condltlons in Table 4

termination of performance at application climate

e heating recovery performance under certain climate temperature bins’shall als
by calculation using the temperature bins see Annex B and Annex D.

icturer shall specify the value of bypass outdoor temperature:-The laboratory shall v
t under test is functioning and what the test action température is. If it is not specifie
Cturer, the laboratory shall calculate the outdoor bypassitemperature and set it as the
with Annex E.

5.3.5 Measurement of power input of heat recovery veitilator with bypass ventilation func

5.3.5.1 The manufacturer may provide information oirhow to set the bypass function if requestd
the testing Jaboratories.

NOTE1 Djue to the additional air resistance of‘the‘heat recovery exchanger, when the heat energy recoy

is less than
its operation

consumptiorp,

NOTE2 W
consumptior
rate and pre

5.3.5.2 The tests shallbe-Conducted at the required control set which allows steady state operati

the equipm

5.3.5.3

time, the equipment can provide the bypass ventilation function to reduce the additional er
when only ventilation is necessary.

'hen the bypass ventilation function acts, there can be several means to reduce the additional er]

(e.g. with fan speed cantrol or valve control in the fan’s inlet or outlet, etc., to keep the same aij
sure as rating performance condition).

ent at the given test conditions.

all be

b be

erify
d by
[}, in

fion

d by

ered

the additional energy input due t@ overcoming the resistance of recovery heat exchanger dyiring

ergy

ergy
flow

bn of

a)
b)

[estof unit with bypass ventilation function and fan speed control:

haebhunass ventilation function accordinag tothe manufacturer's instructions
By v + o t ) t o ot et

Setup t

Adjust test auxiliary device to keep the average pressure value at air outlet and inlet of unit in
Figure A.1 of ISO 16494-1:2022, within the 5 % of tested unit’s nominal value, the airflow rate
larger or equal to its nominal value.

c) According to ISO 16494-1, measure and record the data of airflow rate, the pressure and electricity
power input.

d) Determine and record the outdoor temperature at which the bypass ventilation function acts,
either by manufacturer's statement, or by measure. The power input value measured when bypass
ventilation functions is activated is recorded as the bypass ventilation function power input, used
for calculation for F;, corresponding to each outdoor bin temperature in ventilation period.

4 © 1S0 2023 - All rights reserved
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5.3.5.4  Test of unit with bypass ventilation function and with electric driving air damper
automatically, but without fan speed control:

a) Setup the bypass ventilation function according to the manufacturer's instructions.

b) Adjust the test auxiliary device to keep the average pressure value within the 5 % of the tested
unit’s nominal value, the airflow rate larger or equal to its nominal value.

c) Determine and record the outdoor temperature at which the bypass ventilation function acts,
either by the manufacturer's statement, or by measurement. The power input value measured when
bypass ventilation function is on shall be recorded as the bypass ventilation function power input,

£, +1 1 lots £ 1 i + L £ i + 4+ 3 + Vel’ltllatlon

SCU 1IUI LIIT LdadItUuldtlivIl Ul I Sh LUIICD}JUIIUIIIS LU CTdalll Uutuuvul UII11 LCllllJCl dlurcT 11T LIl

period.

5.3.5.5 Test of equipment with bypass ventilation function and without fan 'speed fontrol and
witHout automatic adjust air damper:

a) Petup the bypass ventilation function according to manufacturer’s instruetion.

b) HAccording to ISO 16494-1, do not adjust any of the test auxiliary dévices during test and record the
data of airflow rate, the pressure and power input.

c) Petermine and record the outdoor temperature that the bypdss ventilation function acts, either by
the manufacturer's statement, or by test.

d) [Che power input value measured when bypass ventilation functions on is recorded aq the bypass
ventilation function power input, used for calculation for F corresponding to each putdoor bin
femperature in ventilation period.

5.3.5.6  Test of equipment with no bypass ventilation function:

For the equipment with no bypass ventilation function, the power input is the value as same ps in 5.3.3.1
all sfages, which shall be used for calculation for F; corresponding to each outdoor temperature in
ventjilation period.

5.3.6 Determination of thefrosting temperature by test
5.3.6.1 The frost temperature test shall be conducted in accordance with ISO 16494-1.

The [manufacturer may provide information on how to operate the equipment if requefted by the
testing laboratories.

5.3.6.2 Thé test condition shall be as follows:

a) [Thedirflow rate and static pressure shall keep the same as 5.3.3.1.

b) Fhe—entet 1115 exhatst—att Ll\n} LCIII}JCI attre—shat—tbe }\ClJL stcotrdtttors— S/IT(J/T’/-’ peCified in
Table 1 and entering supply air (OA) temperature shall be gradually reduced from 0 °C, or, in order
to reduce the duration time of the test, from the T} ,, which is described in Annex C, plus 2 K.

NOTE The calculation of Tp  refers to Annex C.

5.3.6.3 Confirmation of frost outdoor air temperature:
a) Turn off the supplement heat function for anti-frost.

b) Conduct the tests of gross sensible heating recovery effectiveness of HRV by changing outdoor
temperature from the T, plus 2 K to lower temperature. While adjusting the outdoor air
temperature, keep the reducing rate of temperature not less than 0,5 K per hour and not greater
than 1,0 K per hour.

© IS0 2023 - All rights reserved 5
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c) Record the inlet and outlet air parameters so that gross sensible heating effectiveness can be
calculated every 0,5 h.

d) Calculate the gross sensible heat effectiveness in accordance with ISO 16494-1:2022, 9.5.

e) If the absolute value of the change of the gross sensible heating effectiveness between the outdoor
temperature t; and temperature t;; is greater than 5 %, the higher temperature of the outdoor
temperatures is confirmed as a frost outdoor temperature.

f) Compare the tested T with the one in practice, if the tested T} is lower than the one in practice,
select the temperature in practice as the stage limitation temperature, otherwise, the tested T}
shall bg-the-stage Hnritationtemperature:

5.3.6.4 Dita collection:

During the frost temperature tests, airflow rate, static pressure, barometer pressure and power ipput

as well as air temperature shall be collected and recorded. A continuous air temperature varigtion

curve drawjng shall be necessary.

6 Calculations

6.1 Grosp sensible heating recovery effectiveness (&g,)

The gross pensible heating recovery effectiveness of HRV at rated test condition is described in

ISO 16494-1:2022, 9.5.

6.2 Sensjble heating coefficient of energy

6.2.1 Sersible heating coefficient of energy: ducted ventilators

The sensible heating coefficient of energy fdv-a ducted ventilator (Cg,4¢;) shall be calculatel by

Formula (1)

|Qmz.net X¢p X(Tg =) )| X € X1 000+ Py
Cshdtj T P 1
in,tj
where
Cond,; |is the sensibleheating coefficient of energy for a ducted ventilator at outdoor air bin fem-
perature tifW/W);

T, is the. dry temperature of entering exhaust air (RA) under ISO 16494-1 standard tegting
conditions (T5/T6/T7), (°C);

t; is the dry temperature of outdoor air corresponding to application temperature bin j (°C);

Qm2 net 1S the net supply mass flow rate (kg/s);

cp is the specific heat of air (k]/kg- °C);

Eh is the gross sensible heating recovery effectiveness of HRV at rated test condition is described
in ISO 16494-1:2022, 9.5 (%);

Pymay, is the power value of moving air at outdoor air bin temperature t (J/s);

Pi,¢j isthe input power to ventilator at outdoor air bin temperature t; (W).

6 © IS0 2023 - All rights reserved
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6.2.2 Sensible heating coefficient of energy: unducted ventilators

The sensible heating coefficient of energy for an unducted ventilator (Cgp ), 4.;) is described by

Formula (2)

_ |Qm2,net XCp ><(T() _t]' >|X85h x1000

Csh udt,j — (2)

) Pin,t,j
where
an _— Ljic the sensible hpqh'ng coefficient of energy for an unducted ventilator at outdoor air bin
" temperature t; (W/W);

o is the dry temperature of entering exhaust air (RA) under ISO 16494-1|standard testing
conditions (T5/T6/T7) (°C);

. is the dry temperature of outdoor air corresponding to application témperature bin j (°C);

D2 net 1S the net supply mass flow rate (kg/s);

- is the specific heat of leaving supply air (kJ/kg- °C);

Eoh is the gross sensible heating recovery effectiveness 6f HRV at rated test condition |s described
in ISO 16494-1:2022, 9.5;

Pint;  is the input power to ventilator (W).

6.3 | Calculation of seasonal performance factor of sensible heating recovery ()

6.3.1 Reference outdoor air heating loadyand sensible heating recovery capacity

The reference outdoor air heating load.shall be by a set of values and be assumed that they|are linearly
charjging depending on the change{ of outdoor temperature, the sensible heat recovery|capacity is
assumed also linearly changing, $ee figure in Annex A. Conditions of reference heating load and
recoyery capacity is shown in Table 2.

Table 2 — Reférence outdoor air sensible heating load and recovery capacitly

T5 T6 T7
Outdeerair Temperature (°C) |Climate bins Climate bins Climate bins
Ty-indoor air 21 20 20
Temperature (°C)
Outdoor air heatingload (W)  |Lg, 15; Lgn 6.t Lonr7e
Recovery capacity (W) Do, Psh 16, Psh17,.4

where T, is the temperature at which outdoor air heating load assumed zero.

The outdoor air sensible heating load Ly, .; at outdoor temperature ¢;, which is necessary to calculate
the seasonal sensible heating heat recovery, shall be determined by Formula (3)

Loh,tj = Qm2,net X€p X|To —¢;[x1000 -

©1S0 2023 - All rights reserved 7
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where

Lsh,t,j
sz,net

Ty

£

is outdoor air sensible heating load at the outdoor temperature ¢;;
is the net supply mass flow rate (kg/s);

is the dry temperature of entering exhaust air (RA) under ISO 16494-1 standard testing
conditions (T5/T6/T7) (°C);

is the dry temperature of outdoor air corresponding to application temperature bin j (°C).

6.3.2 The

Sensible he
on outdoor

(5).

The stages
a) H Stagd
For with or
b) H Stagd
For HRV wi

For HRV wif
by Formula

¢sh,t,j =

where

¢sh,t,j

Lsh,t,j

€sh
c)

In case of

H Stags

Formula (4).

d) H Stag¢

t characteristics of sensible heating recovery capacity against outdoor temperature

ating recovery capacity ¢, s (W) of the HRV at outdoor temperature t; changesdepending
temperatures, as shown in Figure A.1 in Annex A, and it is determined i)y Formulae (4) and

hire described in Annex A.

1 ventilation with or without bypass function

without bypass function, recovery capacity ¢,  ; at outdoor tefiperature ¢; shall be zeq
2 ventilation with or without bypass function at heat reegvery mode

'h bypass function, recovery capacity $sh1j at outdoertemperature ¢ shall be zero.

hout bypass function, recovery capacity ¢,  ; at@utdoor temperature ¢; shall be determjined

4)

i
bsh,t,j <€sh

(4)

is the sensible heat recoverycapacity of the HRV at outdoor air bin temperature ¢;
is the outdoor air sensiple-lieating load at the outdoor temperature ¢;;

is the gross sensible‘héating recovery effectiveness of HRV.

3 ventilation athéat recovery mode

t

[ < t; < T-recovery capacity ¢g,; at outdoor temperature ¢; shall be determine

4 ventilation with supplement heat at heat recovery mode

In case of t;

(Psh,t,j = Lsh,t,j XEgh _QmZ,net XCp ><|TF -t |X1 000

1 AREn] hl . 1.1 I 1
j SIAIT D UCLCTIIIIIICU vy I"OL ITTul

s al . L 1
= I'p ITCLOUOVELY Ldpdalily g, tj dL OUtdoorn teimperdiurce o
L

(5)
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re

$sn,; is the sensible heat recovery capacity of the HRV at outdoor air bin temperature t;

Lg .5 is the outdoor air sensible heating load at the outdoor temperature ¢;;
£ is the gross sensible heating recovery effectiveness of HRV.

Qm2 net 1S the net supply mass flow rate (kg/s);

Ty is the outdoor air bin temperature at which the frost occurs (°C);
g is the dry temperature of outdoor air corresponding to application temperattirg bin j (°C).
6.3.3 Power input characteristics of sensible heating recovery against outdoor.tempgrature

Powpr input Py, ; (W) of the HRV at outdoor temperature ¢; changes with outdoor tempe

corr

a)

Powpr input Py, ; to ventilator at outdoor temperature ¢; shall be determined by the mea

Pmb
b)

Powpr input Py, ; to ventilator at outdoor temperature ¢; shall be determined by the mea

PhLb

Powpr input Py, ; to ventilator at outdoor.teémperature ¢; shall be determined by the mea

PhLb
d)

Powgr input P
preheat control:

whe

Power input P

psponding operation functions as shown in Figure A.1 in Annex A, and itis’determined

H Stage 1 ventilation with or without bypass function

. j With bypass or the measured value P without bypass function.

in,no,t,j
H Stage 2 ventilation with or without bypass function at heat recovery mode

| j With bypass or the measured value P; without bypass function.

in,no,t,j
H Stage 3 ventilation at heat recovery mode

. j With bypass or the measured value.P without bypass function.

in,no,t,j

H Stage 4 ventilation in heat recovery mode with supplemental pre-heat

at outdoor temperature t;, shall be determined by Formula (6), with ideal p

int,j

P.

vt + QmagmerXCp ><|TF —t]-|><1 000

Din,t,j =
e

Pintj iSthe power input to ventilator at outdoor air bin temperature ¢; (W);

Pinvy; s the ventilation power input of the HRV at outdoor air bin temperature ¢ (W);

ratures and

as follows:

sured value

sured value

sured value

roportional

(6)

Qm2 net 1S the net supply mass flow rate (kg/s);

Ty is the outdoor air bin temperature at which the frost occurs (°C);

)

int,

control:

P.

int}j

invtj T Pinht

© IS0 2023 - All rights reserved
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where

P

int,j

P

inv,t,j

Pin,h,t,j

is the power input to ventilator at outdoor air bin temperature ¢ (W);
is the ventilation power input of the HRV at outdoor air bin temperature t; (W);

is the power input to a supplementary preheater at full capacity (W).

6.3.4 Outdoor temperature bin distribution for heating

Value of outdoor temperature and bin hours differ from region to region. If bin-hours set to a certain

value for a d

ertain region, the value of heating load and electric energy consumption can be determ

Annex B sh¢ws the reference outdoor temperature bin distribution for heating.

In case of s{

in Annex D.

6.3.5 Cal

Seasonal se
sum of sens

Culation of seasonal sensible heating recovery capacity (Eg,)

nsible heating recovery capacity (E;,) shall be determine using¥ormula (8) from the
ible heating recovery at each outdoor temperature ¢;

Eg = 2: ?:1 [q)sh,t,j + Pvma,t,j ]an
where
Ey, is the seasonal sensible heat recovery capacity of the HRV;
®shyj [is the sensible heat recovery capacity ef-the HRV at outdoor air bin temperature t;
Pymayj [is the power value of moving airatioutdoor air bin temperature ¢; (J/s);
j is the bin number;
n; is the hours in temperature bin.
6.3.6  Calfulation of seasonabsensible heating recovery power input (P;;, ¢)

Seasonal se
total sum o

Y
nE ~ 4

P.

1

 seasonal senisible heating power input at each outdoor temperature t;.

[ n

>»

bt [ =1 Pin't'j xn

j

ptting other outdoor temperature bin distribution, refer to the setting methed as descy]

ned.

ibed

total

(8)

nsible heatipg'recovery power input, Py, g, shall be determined using Formula (9) from the

(9)

where

10

is the seasonal sensible heating recovery power input;
is the power input to ventilator at outdoor air bin temperature &;
is the bin number;

is the hours in temperature bin.

© IS0 2023 - All rights reserved
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6.3.7 Calculation of seasonal performance factor for sensible heating recovery (F,)

Sensible heating recovery seasonal performance factor (F, ) shall be determined using Formula (10):

Egn
FSh = S (10)
Pin,E
where
Fy, is the seasonal sensible heat recovery seasonal performance factor;
Foh is the seasonal sensible heat recovery capacity of the HRV;
P.ng 1s the seasonal sensible heating recovery power input.

7 [lestreport

The fest report shall include:

a) rhe simple description of sample;

b) the International Standard used (including its year of publication);

c) fhe results which include at least the following: the list'0f mandatory test points per:Lormed, and

bross sensible heating effectiveness and coefficient\of sensible heating and seasomal sensible
heating performance factor (F;) values and correspond rating condition; the list [of optional
Lest points performed, and gross sensible heat:éffectiveness and coefficient of sensihjle heat and
seasonal sensible heating performance factor\(F;,) values; the default values used; the assumed
Hefault value of heating coefficient of perforftvance of air conditioner or heating system

d) the deviations from the procedure;
e) theunusual features observed;
f) fthe date of the test.

The [heating seasonal perfermance factor (Fy, ) shall be declared with three significant digits,
with reference to the reference defined heating load and to the reference outdoor tempjerature bin
distribution used.

NOTE Refer to Annex F for a template of the additional data to be collected and calculated resulls.

©1S0 2023 - All rights reserved 11
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Annex A
(informative)

The schematic diagram of HRV heating (H) operation

For HRV with energy saving function, the operation stages under the application temperature bins are

as below, w

a)

b)

d)

12

hich are also showed in Figure A.1 using a schematic diagram.

H Stagse
defined
air heat
recover
the eleg

NOTE 1
than it,
countryj
balance

H Stags
will ing
of heat
by usin
airflow
electrid
ventilaf

NOTE 2
energy s

H Stags
will cor
of vent

HRV with or without bypass funetion, due to bypass function closed.

NOTE 3
design d
and alsd
with th{
sensiblé

H Stagsg

1, when the outdoor air temperature changes from a higher temperature T, ,, equals to
in ISO 16494-1:2022, Table 2 as T5/T6/T7 to Tgyg (here 16 °C as an example), thedout
ing load is assumed zero due to the air conditioner off, which means heating not needed
y not desirable in stage 1 of Figure A.1. For ventilation, the fans will continuig running
tricity power input of fans will vary with or without ventilation bypass function in HR}

The building heating balance temperature means when the outdoor @iy temperature is |
he room space should provide heating for comfortable indoor environmient. It canbe different
and region according energy saving code. Here and in Annex B, 16 °C is assumed as building he
temperature.

2, when the outdoor air temperature changes from Ty 16/T}, the outdoor air heating

rease, but the electricity consumption of fans for overcoming the additional air resist
recovery exchanger itself is larger than the equivalent electricity consumption calcul
b heat recovery amount to converting into. For energy saving, the supplying and exhau
through heat recovery exchanger can go through with bypass function, consequently
ity power input of fans for ventilation may-be different from the units with or wit|
ion bypass function.

aving control function is activated. For IRV without bypass function, the T} does not exist.

3, when the outdoor air temperature changing from T}, to T}, the outdoor air heating
tinue to increase with the outdoor temperature decreasing, at this stage the bypass func
lation should be closed..The electricity power input of fans for ventilation is consta

The lower the T, the better the seasonal energy saving performance. It needs to optimiz

f HRV to keep thetemperature difference between heat transfer surfaces of heat exchanger uni

needs to optimize the type selection of heat exchanger, for example, when using the heat exch{

ability of latent transfer to sensible heating recovery purpose, the T can be even lower tha
transferonly type.

4, when the outdoor air temperature changing from T to a lower temperature, the out

that
door
and
and
/.

bwer
from
hting

load
ance
ated
ting
' the
hout

The temperature T, for HRV with bypass function can be confirmed in laboratory when the

load
tion
nt to

e the
orm,
nger
h the

door
ting

lng load w111 increase Wlth the outdoor temperature decrease but the wet air fro<

D the

recovery ab111ty, itis needed to input supplement heat to defrosting the exchanger surface. From Tg
to a lower temperature, the heat recovery capacity will be the same, but the supplement electricity
input will increase gradually, or a higher constant value which determined by keeping no frost in
whole range of operation, correspondingly the total power input will also increase.

NOTE 4

In this document, assuming the supplement heating for F, calculation is provided all with the

electricity.

NOTE 5

The methods for determine the temperature T see Annex C.
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on outside
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) l same at all outside air temperature.
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|
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- | + Toa (Outside Temperature)
|
|
|
|
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| =Rin | |
I I I I Power input to Ventilator inclu
I Simple Prehkat I [ power, which might be lower d
Pin(kW) + | !mple kre pa [ bypass, and method of preheat
/Ideal Prehea|t I I frost.
I FanPowe r during FanPower without bypass
I recovery | | _/ . P
I I —I —:- _/—FanPower with bypass
| =T
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! I Tbypass I I I + Toa (Outside Temperatur
I | I
TfrI)St Tbypassi Teug i iTset,heating
|
I | NI
H,Stage 4  H,Stage 3 & &
g &
T T

Figure A.1 — Operation stages for HRV
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Annex B

(informative)

The default outdoor temperature bin distribution for heating

B.1 Sam

le climate bins

The bin lim

B.2 Heat

Table B.1 shows the default outdoor temperature bin distribution. Table B.2 shows¢he’default hour
pof seasonal performance factor for sensible heating recovery.

calculation

NOTE T
bin distribut

ing

t temperature of Ty equals 16 °C for all types of climate when heating.

Table B.1 — The default outdoor temperature bin distribution for heating

he calculation of heating seasonal performance factor can also be undéertaken for other tempers3
jons as shown in Annex D.

s for

iture

Bin numbper j 1 2 3 4 5 6 7 8 10 11 12 13 14

Outdopr | 45 | o | g | 7 | 6 | 5 | -4{"3 1] o0 1 2 3

temperatufe t; °C

Fracﬁ‘o"u“rz;l bin oo o] o] o o | o 0,001{0,005|0,012 |0,024 | 0,042
Bin hours n; nq n, ng ny ng Ag n, ng Nyg | Nqq | Nz | N1z | P1a
Referencp bin ool o] o o] o] ol o0 4 | 15 | 33 | 68 | [119
hours (1};) h
Bin numbper j 15 16 17 18 19 20 21 22 23 24 25 26 27 |Total

Outdopr 4 | 5 | 6.7 | 8 9 | 10| 11| 12] 13| 14| 15 | 16

temperatufe t; °C
Fracﬁi)"li‘rf‘l bin 14 059|0,070%0,082| 0,087(0,091|0,092[0,091 0,085 |0,075 |0,067| 0,053 | 0,038| 0,027
Bin hou S n; Mg ANUe | M7 | Mg | Mg | Mg | Ny | Ny | Na3 | Npg | Mg | My | Np7
Referencp bin | 1 og4 500 | 234 | 250 | 260 | 265 | 260 | 245 | 215 | 192 | 151 | 110 | 76 |2866
hours (1};) h
Table B.2.= Default hours for the calculation of seasonal performance factor for sensibl¢
heating recovery
HRV AC turn on and keeping AC turn off and
ventilation keeping ventilation
h h
(H stage 4 to H stage2) (H stage 1)
Heating 2 866 4077

14
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Annex C
(normative)

Method of determination of the temperature T,

The test for the determination of temperature T is provided in 5.3.6. The outdoor air temperature
shall be gradually reduced from 0 °C, or, to save time, from a lower temperature Tg,. This temperature
is infended to be lower than 0 °C but above the actual Tg. The temperature T shall not/bd used as Ty,
whigh shall be determined by test. The temperature Tg, can be predicted as shown inFopimula C.1:

T,

[r,0=To ——> (€1
€sh

where
Ik o is the dry temperature of predicating frost outdoor air temperature;
Ech is the gross sensible heating recovery effectivehess of HRV at rated test fondition is
described in ISO 16494-1:2022, 9.5;
o is the dry temperature of entering exhaust airflow temperature (RA) corfresponding

to ISO 16494-1 standard testing conditions (T5/T6/T7) (°C).

© IS0 2023 - All rights reserved 15
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Annex D
(informative)

Calculating method for seasonal performance factor when setting

a specific application heating load

D.1 General

Under applifcation condition, outdoor air heating load widely varies from region and region onthe g

depending
as HRV.

In order to

n the climate conditions, the operation strategy of air conditioners and heat pumps as

evaluate and compare the seasonal performance factor among HRVs, it is desirab

establish thle method used in application condition and different operation strategy.

For this pury

D.2 Appl

Refer to thd

work shall e done and the table of outdoor climate bin hours'shall be finished like used in Annex H.

D.3 Setd

D.3.1 The
specified.

D.3.2 The
outdoor air

D.3.3 Test
D.3.2 while

D.4 Calc
Under the

pose, this annex provides steps and method.
ication outdoor air temperature BIN

reference climate data of application location using the HRYV, statistics and classificz

f specific application condition of HRV

indoor thermal comfortable:stemperature shall be set as the initial temperature for exij
heating load.

the outdoor airtemperature shall be the same as in Table 1.

hlation{of the sensible heating performance factor of HRV

‘edéfined conditions provided above, the calculation of seasonal performance facto

of the gross sensible heating recovery effectiveness under the indoor air temperatur

lobe
well

e to

ition

temperature at which air conditioners and heat pumps are put into active mode shall be

ting

e as

- for

sensible hea

ting recovery (F,) is made in accordance with the provisions specified in the main stan

dard

body.

Table D.1 shows the sample template for outdoor temperature bin distribution. Table D.2 shows the
sample template for the calculation of seasonal performance factor for sensible heating recovery.

16
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Table D.1 — Sample template of outdoor temperature bin distribution for heating

Bin number j 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Outdoor
temperature t; °C

-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3

Fractional bin
hours

Bin hours n; ny n, ng ny ng ng n, ng Ng | Nyg | Nyp | Nyp | N3 | Ny
Reference bin
hours (n;) h

Bin pumber j 15 16 17 18 19 20 21 22 23 24 | 25 26/ || 27 |Total

Outdloor
temperature t; °C

Fradtional bin
hours

Bin hours n; Mg | Mg | N7 | Mg | Mg | Ny | Ny | Nyp | Np3.N Jpg | Mg | Mg || N7
Refdgrence bin
hours (n;) h

Table D.2 — Sample template of default hours for the €alculation of seasonal performance
factor for sensible heating recovery

HRV AC turn on and keeping AC turn off and keeping
ventilation ventilation
h h
(H stage 4.to'H stage 2) (H stage 1)
Heating

©1S0 2023 - All rights reserved 17


https://standardsiso.com/api/?name=4856e8f24c505b9c997e2d687150bc2e

ISO 5222-1:2023(E)

Annex E
(normative)

Calculation of the bypass outdoor temperature

The outdoor temperature T} influences the F, rating of unit. Higher values of T}, results in improved

seasonal en

ergy saving performance.

NOTE M
and motors
channels and

For HRV wi
For HRV wi

Tb =T0

where

€sh

P

in,no,t,j

P in,by,t,j

K

QmZ

anufacturers can optimize the selections and design of HRV by enhancing the efficiency of
hs well as the effectiveness of heat recovery exchangers, also decreasing resistance of\the ait
selecting better speed control device of fans.

thout bypass function, there is no T},
th bypass function, the T}, shall be calculated using Formula (E.1):

(Pin,no,t,j - Pin,by,t,j )XK
Eh XQm2 XCp x1000

is the bypass temperature of unit (°C);

is the dry temperature of entering exhaust airflow temperature (RA) correspon
to ISO 16494-1 standard testing conditions (T5/T6/T7) (°C);

is the gross sensible heating#ecovery effectiveness of HRV at rated test condi

is the power input to the-HRV to operate the fans at outdoor air temperatuy
for HRVs without bypass, (W);

is the power inpuit'to the HRV to operate the fans at outdoor air temperatuy
for HRVs with bypass, (W);

is the coefficient of performance of air conditioner operating at heating, assy
a defaultas 2,6 at T5, 2,8 at T6 and 3,0 at T7 or the manufacturer’s data;

isthe supply mass flow rate (kg/s);

is the specific heat of leaving supply air, (kJ/kg- °C).

fans
flow

(E.1)

ding

tion;

eT,

e T,

mes

18
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