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Foreword

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

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

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

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

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techtiical Barriers to Trade (TBT), see wiww.iso.org/
iso/fpreword.html.

This|document was prepared by Technical Committee ISO/TC 86, Refrigeration and air-¢onditioning,
Subcpmmittee SC 6, Testing and rating of air-¢gnditioners and heat pumps.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.
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Methods of test and characterization of performance for
energy recovery components

1

Scope

This document specifies methods for testing and characterizing the performance of air-to-air heat/

ener
airst
exch

to:

This
of fr(

2
The

cons
undg

ISO
ISO

secti

ISO
ISO

1S0/

3

For t

Dy EXCITANEETS WITEIT USEd a5 UeviCeS to transfer heat or feat and water vapor D
reams used in ventilation systems. It also specifies methods to characterize the-per]
hngers for use in calculation of the energy performance of buildings. This document

fixed-plate exchangers (also known as recuperators),

1
lheat pipe exchangers using a heat transfer medium, excluding these using mechanical J

document does not provide a method for measuring the reSponse of exchangers to th
st.

Normative references

following documents are referred to in the téxt in such a way that some or all of 4
Fitutes requirements of this document. Forddated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme
3966, Measurement of fluid flow in closed conduits — Velocity area method using Pitot std
3167-1, Measurement of fluid flow-by means of pressure differential devices inserted in ci
bn conduits running full — Part 1: General principles and requirements

4801, Fans — Performance;teésting using standardized airways
13253, Ducted air-conditioners and air-to-air heat pumps — Testing and rating for perfor

EC 17025:2017,General requirements for the competence of testing and calibration labof

Terms-and definitions

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

etween two
formance of
s applicable

otary exchangers, including heat wheels and total energy wheels (also,known as regemerators),

bumping.

e formation

heir content
applies. For
hts) applies.

tic tubes

rcular cross-

mance

ratories

ISO and TEC maintain terminological databases tor use 1n standardization at the following addresses:

31

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

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

effectiveness
actual energy transfer rate (sensible, latent, or total) divided by the maximum possible energy transfer
rate

Note 1 to entry: The formula for effectiveness is given in 5.2.
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3.2
exhaust air
EATR

:2021(E)

transfer ratio

tracer gas concentration difference between the leaving supply air (3.12) and the entering supply air
(3.11), divided by the tracer gas concentration difference between the entering exhaust air (3.13) and
the entering supply air (3.11), which quantifies the air quantity transferred from the exhaust to the

supply

Note 1 to entry: The formula for EATR is given in 5.6.

Note 2 to entry: It can be expressed as a percentage for rating purposes, but is used as a ratio in the calculation

of RER (3.6).

3.3

fixed-plate
exchanger ¥
transfer pla

3.4

heat pipe e]
exchanger W
airstreams,
medium

Note 1 to ent}
medium mov

3.5
outside air
OACF
factor defin

Note 1 to ent

3.6

exchanger
vith multiple alternate airflow channels, separated by a heat or heat and’water ¥
fe(s) and connected to supply and exhaust airstreams

kchanger

which may include an internal wick structure in each tube, arid filled with a heat tra

y: Thermosiphon exchangers are a subset (or type) of heat pipe‘exchanger in which the heat trg
es by gravitational forces only.

correction factor

bd as the entering supply air (3.11) divided by the leaving supply air (3.12)

y: The formula for OACF is given in 5.5¢

recovery efficiency ratio

RER
ratio of the
auxiliary po

Note 1 to ent
Note 2 to ent

3.7
rotary exch
exchanger

recovered energy rate divided by the sum of the calculated combined fan power an
wer

y: The formula forRER is given in 5.4.

'y: RER can be{characterized as gross, or as net in which case EATR (3.2) is accounted for.

angeér
Uith porous discs, fabricated from materials with heat or heat and water vapor rete

apor

Fith an array of finned and sealed tubes that are placed in side-by*side supply and exhaust

nsfer

nsfer

H the

htion

3.8

corrotcatrtto ot Tt X Tt oot Corty

standard air

dry air with

a density of 1,204 3 kg/m3 and a dynamic viscosity of 1,824 7 x 10-> kg/(m-s)

Note 1 to entry: These conditions approximate dry air at 20 °C and 101,325 kPa absolute.

3.9
station

location in the test apparatus at which conditions such a temperature, humidity, pressure or airflows
are measured

Note 1 to entry: indicated in Figure 1 as 1, 2, 3 and 4.

© ISO 2021 - All rights reserved
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3.10
static pressure differential
static pressure at supply outlet minus the static pressure at exhaust inlet

Note 1 to entry: A positive pressure differential occurs when the static pressure at station (3.9) 2 is higher than
the static pressure at station 3. A negative pressure differential occurs when the static pressure at station 2 is
lower than the static pressure at station 3.

3.11

entering supply air
supply air inlet
outdeorairflow

OA
outside air entering the exchanger

Note [l to entry: Indicated in Figure 1 as 1.

3.12
leaving supply air
supply air outlet
supply airflow

SA
outside air after passing through the exchanger

Note|l to entry: Indicated in Figure 1 as 2.

3.13
entering exhaust air
exhapust air inlet
return airflow

RA
indogr air entering the exchanger

Note [l to entry: Indicated in Figure 1 as 3.

3.14
leaving exhaust air
exhalust air outlet
exhaﬁst airflow

EA
indogr air after passing through the exchanger

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

© IS0 2021 - All rights reserved 3
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o) @)

T ®

Key
1  entering[supply air 2 leaving supply air
3  enteringlexhaust air 4  leaving exhaust air

5 exchanggr

Figure 1 — Schematic diagram of airflows for heat and energy.recovery exchangers

4 Symbogls and abbreviated terms

Symbol Term Units

C; Tracer gas concentration at station i (i = 1,.2,°3, 4) 106

cp Specific heat of condensate at its measured temperature kJ/(kg°C)

Cpi Specific heat of dry air at station i.(i5'1, 2, 3, 4) ]/ (kg C)

oT; Maximum deviation of any temperature reading of T; from T,y ; K

oW, Maximum deviation of any huniidity ratio reading of W; in from Wy ; kg water / kg dry
air

AP, Pressure drop through the exchanger, exhaust air stream, measured Pa

AP, ref Pressure drop through the exchanger, exhaust air stream, at reference Pa

conditions
AP, Pressure drop)through the exchanger, supply air stream, measured Pa
AP e Pressure-drop through the exchanger, supply air stream, at reference condi- |Pa
tions

Aps, 5 Static pressure differential Pa

AT, Temperature change in the supply airstream °CorK

AW, Humidity cirange tm tie Suppty airstrearn Rgwater /7 kg dry
air

£ Effectiveness %

Esensible Sensible effectiveness %

Elatent Latent effectiveness %

Erotal Total effectiveness %

F.c Outside air correction factor (OACF) 14

h; Enthalpy of air at stationi (i=1, 2, 3, 4) k]J/kg dry air

a  Some quantities of dimension 1 are defined as ratios of two quantities of the same kind. The coherent derived unit is
the number 1 (ISO 80000-1:2009, 3.8).

b T,and W, are defined and discussed in Annex E.

4 © IS0 2021 - All rights reserved
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Symbol Term Units

hy, Heat of vaporization of water ]/kg

Meondensate Measured condensate flow rate kg/s

m; Mass flow rate of dry air at stationi (i=1, 2, 3, 4) kg/s

my/m, Ratio of supply air outlet mass flow rate to exhaust air inlet mass flow rate |12

Nfs fe Combined efficiencies of the supply and exhaust air fan and drive 12

ps; Static pressure at stationi (i=1, 2, 3, 4) Pa

Qaux Auxiliary power input to the exchanger (e.g. to rotate a wheel) kW

Qlate n Humiditv transfer rate kg W3 ter/(kg dry
airg

Qsendible Sensible energy transfer rate W

Qtotal Total energy transfer rate w

Q, Leaving supply volume flow rates m3/s

Qs Entering exhaust volume flow rates m3/s

P; Dry air density at stationi (i=1, 2, 3, 4) kg/mpP

Rt Exhaust air transfer ratio (EATR) 14

Rierdross Gross recovery efficiency ratio (gross RER) W/W

Riorfet Net recovery efficiency ratio (net RER) W/W

°] Purge angle °

Tayg, Average value of temperature readings taken‘atstationi (i=1, 2, 3,4) dur- |°C

ing a measurement period

Teondensate Measured temperature of the condensate °C

T, Temperature efficiency % b

T; Dry-bulb temperature at station (i=1, 2, 3, 4) °C

Typ) Wet-bulb temperature at station’i (i = 1, 2, 3, 4) °C

U Expanded relative uncertainty 12

Wyvi i Average value of humidity readings taken at stationi (i= 1, 2, 3, 4) duringa |kg water/kg dry

measurement peried air

w, Humidity efficiency % b

w; Humidity at'stationi(i=1, 2, 3, 4) kg water/kg dry
air

H; Dynamio viscosity at stationi (i=1, 2 3 or 4) kg/(m-s)

U Dynarnic viscosity of standard air = 1,824 7 x 10-5 kg/(m-s)

a  Yome quantiti€s of dimension 1 are defined as ratios of two quantities of the same kind. The coherent derived unit is

the number 1 (1S@ 80000-1:2009, 3.8).

b T and W, are defined and discussed in Annex E.

5 Metrics

5.1 General

The performance of an air-to-air heat/energy exchanger is primarily characterized by its sensible,
latent, and total effectiveness [see Formulae (1), (2) and (3)] its pressure drops [see Formulae (4), (5),
(6) and (7], its recovery efficiency ratio [see Formulae (8) and (9)], the outside air correction factor [see

Formula (10)], and its exhaust air transfer ratio [see Formula (11)]. Formulae (1) to (3) reproduced with
permission from ANSI/ASHRAE 84:2020. Formulae (4) through (11) are based on formulae in ANSI/

ASHRAE 84-2020 with permission from ANSI/ASHRAE. Annex E provides guidance on equivalence
between the metrics provided in this document and related metrics in use in certain other standards.

© IS0 2021 - All rights reserved 5
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Derived metrics that are needed for use in calculating the performance of complete systems include
sensible energy transfer rate (see Formula (12)), humidity transfer rate (see Formula (13) and enthalpy
transfer rate (see Formula (14)).

See Clause 4 for the units of different quantities.

5.2 Effectiveness

The sensible, latent, and total effectiveness (&opgipler Elatent AN Eorap) are defined by Formulae (1), (2)

and (3):
My 91Tt =2 T2)
e |= (1)
sensible . T _ T
mmin (Cp,l 1 Cp,3 3 )
m2 (hfg,1W1 _hfg,zwz )
Slatent al h oW -h W (2)
mmin ( fg1'1 'fg3 3 )
e =™ (=) (3)
total .
mmin (hl _}% )

where

m; is the mass flow rate at stationi (i=1, 2 or 3)

My, | is thelesser of m, and i,

Cpi is the specific heat of dry air at station i (i’<-1, 2 or 3)

hyg is the heat of vaporization of water, at'stationi (i = 1, 2 or 3)

T; is the dry-bulb temperature atstationi (i =1, 2 or 3)

w; is the humidity at station i(i*=1, 2 or 3)

h; is the enthalpy at station i (i = 1, 2 or 3)
5.3 Presgure drop
5.3.1 Medsured pressure drop
The air frictlion pressiire drops (AP, and AP,) at specific conditions and air mass flow rate through the
exchanger afre defified by Formulae (4) and (5):

APS = pbl D5, (4-)

AP, =ps,—ps, (5)
where ps; is the static pressure at station i (i = 1, 2, 3 or 4).

5.3.2 Standardized pressure drop

© ISO 2021 - All rights reserved
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Air friction pressure drops at reference conditions (AP .sand AP, ..¢)can be determined by Formulae (6
and (7):

APs,ref - pSl L

AP

eref

Lie}
Ps

p
ps;| =
Py

|
|

Hy
Hy
A
Hs

2
o

Ll
Py
Py
Ps

|

Hy
My

I

|

|

(6)

(7)

where

5.4

b)

where

M is the density at stationi (i = 1, 2, 3 or 4) kg/m3
P is the standard density of air = 1,2043 kg/m3

is the dynamic viscosity at stationi (i=1, 2 3 or 4) kg/(m-s)

I~
b

s is the dynamic viscosity of standard air = 1,8247 x 10-5> kg/(ni-s)

b
=

Recovery efficiency ratio
The gross recovery efficiency ratio (R
, |h1 —h |
ARG, AP
1000~11fan’S 1000-77fan7e

The net recovery efficiency ratio (R, o) ©fa heat/energy exchanger is defined by For!

_ h, _(Reat ) hy
' (1_Reat )
APSQZ APeQB

10001, - 10000,

) of a heat/energy exchanger is defined by |

rer,gross

rer,gross

+q

aux

m,

rer,net

+q

aux

AP and AP, arethe measured pressure drops across the supply and exhaust sides of th)
tespectively

Formula (8):

(8)

mula (9):

9

e exchanger,

), and €3

7||fs and Nte

are the leaving supply and entering exhaust volume flow rates

is the supply and exhaust air fan and drive combined efficiencies

qaux.

is the total auxiliary power input to the exchanger (e.g. to rotate a regenerative wheel,

a pump, and to operate controls)

Roat is the exhaust air transfer ratio (EATR) expressed as a ratio

In laboratory testing of heat/energy exchangers it is not usually possible to measure the power required

to move air through the exchanger directly, as the blowers in the test system also are

required to

overcome friction pressure of the conditioning equipment, flow measurement equipment, etc. Therefore,
the power required to move air through the exchanger shall be calculated, based on a reference fan and

drive total efficiency which is selected for the purposes of comparison of one exchanger to

another. For

example, a performance rating agency could elect to use a reference fan and drive total efficiency of

0,50 in the calculation of RER for all the exchangers for which it provides ratings.

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=91c9d26642d6a8c01594dab465467505

ISO 21773

:2021(E)

5.5 Outside air correction factor

The outside air correction factor (F,,.) of a heat/energy exchanger at a specific operating condition is

defined by Formula (10):

™
=— (10)
oac m
2
where m; , are the mass flow rates at stations 1 and 2
5.6 Exhapstairtransferratio
The exhaust air transfer ratio (R,,J of a heat/energy exchanger at a specific operating cenditipn is
defined by Hormula (11):
L -C
eat :EZ Cl (11)
B 1
where C; arg the concentration of tracer gas at stations i (i = 1, 2, 3 or 4) during the test described in 9.3.
NOTE Tq express exhaust air transfer ratio as a percentage, multiply by 100.
5.7 Sensible energy transfer rate for the supply airstream
Sensible endqrgy transfer rate (Q.psip1e) iNto or out of the supplyairstream for an exchanger at a spgcific
operating cqndition is defined by Formula (12):
Qsensible = m2 '(Tlcp,l _TZCp,Z ) (12)
where
T,, arethe temperatures at stations I"and 2
Cp1,2 afe the specific heats of dry air at stations 1 and 2
5.8 Humidity transfer rate for the supply airstream
Humidity transfer rate (Qpyend into or out of the supply airstream for an exchanger at a specific
operating cgndition is definéd by Formula (13):
Qlatent 7] mZ 'AW1—2 (13)
where AW, _j} isthe humidity change for the supply airstream.

5.9 Total

energy transfer rate for the supply airstream

Total energy transfer rate (Q.,,) into or out of the supply airstream for an exchanger at a specific
operating condition is defined by Formula (14):

Q

otal

where Ah;,

= th -Ahl_2

is the enthalpy change for the supply airstream.

(14)

© ISO 2021 - All rights reserved
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6 General test requirements

6.1

Test apparatus

IS0 21773:2021(E)

The test apparatus shall consist of four measurement stations. Measurements shall be taken at each
station of temperature, humidity, dry air mass flow rate, tracer gas concentration, and static pressure.

The equipment to be tested shall be installed in accordance with the manufacturer’s instructions. See

C pressures shall be measured according to ISO 3966, ISO 5167-1, ISO 5801 or ISO 1325

heasurement instruments shall be calibrated using sensdrs, transfer standards, 4
uments that are traceable. Calibration shall be consistent;with ISO/IEC 17025:2017, 6
" to minimize the bias of the instrument. The calibration‘curves associated with each

10 9

2 | 8 :6@':

3.

nd primary
4 and 7.4, in
instrument

g

8 :1@6: 11

@@.

Q) = Eg \] ='@"N
I
sooll N Do
e

airflow measuring apparatus

12

temperature, humidity and tracer gas measuring

instruments

air mixer

air conditioning apparatus
relief inlet/outlet

6.2 Installation
Figures2Z-and-3-
NOTH See Annex B for best practices of connecting an exchanger to test system.
6.3 | Static pressures
Stati
6.4 | Instrument calibration
All 1
insty
orde
shall|be available as a permanent record.

12 9 /1

w5 11 [|6 @I: g [t % \

gp__ RO6 || 8 [[B XD

g U

12 7
Key
1  d¢ntering supply air 8
2 leaving supply air 9
3 ¢ntering exhaustair
4  leaving exhaustair 10
5 gxchanger 11
6  dtatic pressure control apparatus 12
7  dtatic pressure measuring apparatus 13

optional recycling duct

NOTE Refer to ISO 13253:2017, Annex C.

© ISO

Figure 2 — Basic schematic for ducted measurement setup
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12
|
O 11 |D al 1 |&
L U2 s
o1s0l] 8 ey 5o L] 8 [[eOD
] = J
/ J /
10
¢Jj@6_ 8 | B (D *SELZ 8 :1@6_<Z|
U = U -
9 4 7 7 39
Key
1  entering|supply air 8 airflow measuring apparatus
2 leaving supply air 9 temperature, humidity and tracer gas measuring
3 entering|exhaust air instruments
4 leaving egxhaust air 10 air mixer
5 exchanggr 11 air conditioning apparatus
6  static pre¢ssure control apparatus 12 pressure relief
7  static pr¢ssure measuring apparatus
NOTE Réfer to ISO 13253:2017, Annex C.
Figure 3 — Basic schematic for 2-room measurement setup
7 Effectiveness tests
7.1 Testrequirements
The test duqt, measuring-€quipment, and the equipment under test shall be operated until steady-
equilibrium| conditions-are attained but for not less than 30 min. The equipment under test sh4

operated unftil steady-State conditions are attained before applicable test data are recorded.

For rotary \

heel exchangers, the wheel speed shall be checked before and after each series of test

afloxazr vratnc forthn oot challbho cmacifind by thn tnct wnainctnse fovthn ooyt g cryna

state
1l be

runs.

The air voluks

(station 2) a

ho on
I TTOVvVV T ctC o TOT Ittt ST oot o

nd entering exhaust air (station 3).

y air

Thermal effectiveness tests shall be performed with manufactured-specified static pressure differential
between the leaving supply air (station 2) and entering exhaust air (station 3).

7.2 Stability limits when testing effectiveness

When testing effectiveness, the following requirements shall be observed.

10
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During effectiveness tests the inlet dry-bulb temperatures shall remain within limits such that §T; and
0Tj3 shall not exceed the larger of 0,5 K or the value defined in Formulae (15) and (16).

5T, <0,O4><‘TA

VE,1 _TAVE,3‘

5T, <0, 04><‘TAVE71 - TAVES‘

where

(15)

(16)

Duri
shall

whel

7.3

For a
than

oTaal ] : 1 L £ + + 1 Lo - 17 O aal
1 1 IS LT HId AU UCVIdUIUIT U dlly LCIHIPTCT AUl © I'CdUllly U1 1 1 IIT IN TTOIII IAVE 1
)

Tave,1 is the time-averaged mean value of all temperature readings T, in K taken at stat

Tavg,3 is the time-averaged mean value of all temperature readings T¢n K taken at stat

)75 is the maximum deviation of any temperature reading of T3 in K from Tyyg§
the measurement period

the measurement period

hg effectiveness tests the inlet humidity ratios shall remain,within limits such that
not exceed the larger of 0,000 4 kg,/kgp, or the value definéd in Formulae (17) and (]
W, <0, 10X‘WAVE,1 - WAVE,S‘

W; <0, O4X‘WAVE,1 - WAVE,B‘

e

)W,  is the maximum deviationof any humidity ratio reading of W, in kgyy/kgp, fro
pW5 s the maximum deviation of any humidity ratio reading of W in kgy,/kgp, fro

Vavg,1 is the time-averaged mean value of all humidity ratio readings W, in kgy,/k
station 1 during‘the measurement period

Vave3 is the timesaveraged mean value of all humidity ratio readings W3 in kgy,/k
station 3 during the measurement period

Data cellection period

1l measurements of thermal performance or leakage, data shall be collected for a perig
30.min, during which the steady-state requirements in 7.2 shall be met.

ion 1 during

ion 3 during

W, and 6W5
18).
(17)

(18)

m Wyyp 1
m Wyyp 3

boa taken at

oA taken at

d of not less

For measurements of pressure drop through the exchanger, data shall be collected for a period of not
less than 5 minutes.

7.4

Data sampling rates

For all tests, sets of data shall be recorded at equal intervals of 1 min or less.

For all tests, at least 30 sets of data shall be collected.

© ISO
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For all measurements of thermal performance or pressure drop, each complete set of data shall be
obtained during a period of 10 s or less.

NOTE When testing leakage with tracer gases, it may not be possible to collect a complete set of data within
10 s or less. However, the requirement to collect at least 30 sets of data and to collect data over a period of 30 min
still applies.

7.5 Temperature and humidity conditions: inlets to exchanger

Tests at cooling conditions shall be carried out under the conditions given in one or more of the
columns T1 through T4 in Table 1. Tests at heating conditions shall be carried out under the conditions
given in one[oTMoOTe Of The cotumns 15 througit T8 1 Tabte 2.

Table 1 — Conditions of test for thermal tests (cooling)

Standard test condition’s
Parameter
T1 T2 | 13N\ | T4
Tempergture of entering dry-bulb 35,0
supply air (°C) wet-bulb 23,0 24,0 31,0 24,0
Temperpture of entering dry-bulb 21,0 24,0 27,0 27,0,
exhjaust air (°C) wet-bulb 15,0 17,0 20,0 19,0,

Table 2 — Conditions of test for thermal tests (heating)

Standard test conditions
Parameter
T5 T6 T7 T8
Temperatyre of entering dry-bulb 2,0 5,0 7,0 5,0
supp$' air (°C) wet-bulb 1,0 3,0 6,0 3,0
Temperatyre of entering dry-bulb 2150 20,0 20,0 25,0
exhaust air (°C) wet-bulb 14,0 15,0 12,0 18,0

7.6 Test Jemperature limits

For all tests| the arithmetic mean-ofthe temperatures and mass flows at each of the inlets shall npt be
different frqgm the specified temiperatures and mass flows for each test by more than the allowandes in
Table 3.

Table 3 — Variation allowed during test

Readings Variation of arithmetical mean
values from specified test con-
ditions
Temperature of air entering
dry-bulb +0,3K
wet-bulb +0,2K
Mass flow +2,5%

8 Pressure drop tests

Measured pressure drop across the heat/energy exchanger from stations 1 to 2 and stations 3 to 4 shall
be determined for every thermal test.

12 © IS0 2021 - All rights reserved
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9 Leakage tests

9.1 General test requirements

For rotary regenerative wheels, the leakage tests shall be performed with the wheel rotating at the
same speed as for the effectiveness test.

Tracer gas, sampling equipment, and gas concentration levels shall be selected so as to be capable of
accurately measuring the exchanger internal leakages. The injection concentration of the tracer gas
shall be sufficient that an exhaust air transfer ratio of 0,002 5 can be measured by the device being

used

The
gas
ident

Meaq
analy
analy
the s
shall

Duct]
gas d

9.2
Outs

OACH
the d
diffe
of th
is d¢
ident

9.3
Exh

tracer gas generation equipment shall be designed to provide a stable concentrati
hat is uniform in the duct to which the tracer gas is introduced. The tracer gas)shall
ifiable, measurable and inert.

urement equipment such as a gas chromatograph analyser, photoacoustic*infrared s
Iser, or an alternative instrument with uncertainty no greater than 5 % shall be pro
Fser will be sequentially measuring the tracer gas concentration in-samples from morg
tations, then either the data or the sample from the beginning of éach sample measure
be purged until the concentration readings have stabilized.

5 and other components of the test equipment shall not be\permeable to or absorbent
nd shall not allow air leakage.

Outside air correction factor

F shall be determined at positive, negative,and zero values for static pressure different

Fential values and airflows shall be-chosen to represent the range of conditions for i
e exchanger. OACF may be determined during thermal test or at lab ambient conditi
termined at lab ambient conditions, the air mass flow rates and pressure differen
ical to the thermal tests fromwhich RER is determined.

Exhaust air transfer ratio

ust air transfer ratio (EATR) shall be determined by measurement of tracer gases.

EATR shall be determined at positive, negative, and zero values for static pressure differen
the leaving supply (station 2) and the entering exhaust (station 3). The static pressure
valug¢s and aixflows shall be identical to those in 9.2.

10 _Inrprf;linfy limits

de air correction factor (OACF) shall be deterinined by measurement of mass air flow$

bn of tracer
be nontoxic,

pectroscopy
vided. If the

than one of
ment period

bf the tracer

D.

ial between

tation 2 supply outlet and the station*3“exhaust inlet, at a specified airflow. The staftic pressure

ntended use
bns. If OACF
tial shall be

ial between
differential

10.1 General

A testing laboratory meeting the requirements of ISO/IEC 17025 can achieve the uncertainty limits of
this clause. If necessary, a laboratory and its customer can agree on different uncertainty limits to meet
their needs.

Formulae (19) through (25) are based on ANSI/ASHRAE 84:2020 with permission from ANSI/ASHRAE.
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10.2 Uncertainty limits for effectiveness tests

For testing of effectiveness, the expanded relative uncertainties U(e,) and U(g) shall satisfy

Formulae (1

9) and (20):

Ule,)

£
s

U(e)

<
l

<0,05

0,07

(19)

(20)

10.3 Unce

For RER tes
the net RER

U(R

rer

rer

where R, i

10.4 Unce

For measuré
Formulae (2

tainty limits for RER

ting, the expanded relative uncertainties U(R

shall satisfy Formula (21):

) for the gross RER and H(R

rer,gross rer,ne

1<0,10
5 the recovery efficiency ratio, either gross or net.

rtainty limits for measured pressure drop tests

d pressure drop testing, the expanded relative uncertainties U(AP,) and U(AP,) shall s3
2) and (23):

U(4r,)

10.5 Unce
For OACF te

U(F

oac

oac

<0,10

e/l<0,10

rtainty limits for‘leakage tests

sting, the expanded relative uncertainty U(F,,.) shall satisfy Formula (24):

<0,02

where F i

) for

(21)

tisfy

(22)

(23)

(24)

5 the outside air correction factor.

For EATR te

U(Ryee)
R

eat

sting, the expanded relative uncertainty U(R,,,) shall satisfy Formula (25):

<0,03

where R, is the exhaust air transfer ratio.

14

(25)
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11 Inequality limits

11.1 General

Formulae (26) through (31) are reproduced with permission from ANSI/ASHRAE 84:2020.

11.2

Inequality limits for thermal tests

For all tests, the measured dry airflow mass flow rates shall satisfy Formula (26):

2 3

|
410,05

- (26)
mminimum(l,fi)
For gfll thermal performance tests, the water vapor mass measured flow rates shallksatisfy Formula (27):
m W m W + m W -m W4|
<0,20 (27)

NOTH
rate i

For a

For thermal performance tests in which condensation occurs and-the steady-state con
s measured, the Formula (D.1), found in Annex D, may optionally be substituted for Formula (4

mmlnlmum 1 3 |W

11 thermal performance tests, the measured energy flow/rates shall satisfy Formula (2

m hy

For a

+m m h
hz h3 ‘<0 20

11 thermal performance tests, the measuredsensible energy flow rates shall satisfy Fo

mmlnlmum 1 3 ‘h

I, Cp,ltl 2cp 2t2+m3cp N cp74t4

‘<0,20

whet

NOTH
rate i

11.3

Duri

(mc ) |t - |
p mlnlmum 13

and m, ¢

is the lesser of m, ¢ ;

mcp,minimum(1,3) 1 p1 p,3

For thermal performance tests in which condensation occurs and the steady-state con
s measured, the Formulay(D.2), found in Annex D, can optionally be substituted for Formulae (

densate flow
7).
B):

(28)
rmula (29):

(29)

densate flow
P38) and (29).

Inequality limits for leakage tests

hg testing to~determine OACF, the measured airflow mass flow rates shall satisfy Formj

M, — it 1, —m \
1 2 3419 05

ula (30):

(30)

mminimum(1,3)

During testing to determine EATR, the measured tracer gas flow rates shall satisfy Formula (31):

‘mlCl—mZC +m C —-m

4 4‘<0 15

mmlmmum 13 ‘C -C ‘

12 Reporting of test results

Reporting of test results shall include all of the items in this Clause.

(31)

Measurements made in accordance with this document need to be reported in context in order to
accurately characterize exchanger performance.

© ISO
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Annex A provides an example of acceptable reporting format (see Tables A.1 to A.7).

12.1 Pressure drop test results

Any report of pressure drop shall include the leaving supply and entering exhaust mass airflows or

airflow volu

mes at standard air conditions and the static pressure differential.

12.2 Leakage test results

EATR and OACF measurements shall be reported together and at the same test conditions, and shall

include:

the leaving
the static pr

the barometf

12.3 Ther
Any report

effectiv

temper

sensibld

shall includg:

the leav]

the bar
enterin

12.4 Unce

Each report
confidence.

upply and entering exhaust mass airflow or airflow volumes at standard air condition
essure differential;

ric pressure.

mal test results

f:

ENess,

ture, humidity or enthalpy change ratio in the supply airstream, or

, humidity or total energy transfer rate

ing supply and entering exhaust mass airflow or airflow volumes at standard air condit

pmetric pressure, dry-bulb temperature, a humidity metric for the leaving supply
b exhaust airstreams, and static pressure differential.

rtainties

ed test result shall inelude its expanded uncertainty with its coverage factor and ley

ions;

and

rel of

16
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Annex A
(informative)

Example of test data collection and calculation of metrics

Table A.1 — Information supplied by manufacturer

Manlfacturer information

Man

Ifacturer:

Addj

€sS:

Modlel information

Mod

bl number:

Serid

I number:

Typ¢

of exchanger:

Fixed-plate / Rotary / Heat-Pipe

Air H

low:

Spec

ified static pressure differential:

Rotational speed of wheel 2

Volt4

ge?

Phasg

e and frequency 2

a

\pplies to rotary exchangers only

Table A.2 — Infermation about test facility

The

'mal and pressure drop test record

Test facilities information

Date

Exan

hiner:

Addr

ess:

Test

facility name:

Table A.3 — Thermal and pressure drop test data

Thermal and{pressure drop test Data collected
Unit Test 1 Test 2 Test 3 Test 4
Specdiified'static pressure differ- p
: a
ential
Rotational speed of wheel - r/min
Air volume or mass flow rate . 3
leaving supply air Qyorm, [kg/sorm?/s
Air volume or mass flow rate . 3
entering exhaust air Qzormms  |kg/s orm?/s
Temperature T, C
Wet-bulb temper- T C
Entering ature WB'1
supply air i
(station 1) Humidity Wy kgw)/k8(pa)
Enthalpy hy k]/kg
Static pressure  |ps; Pa

© IS0 2021 - All rights reserved

17


https://standardsiso.com/api/?name=91c9d26642d6a8c01594dab465467505

IS0 21773:2021(E)

Table A.3 (continued)

Thermal and pressure drop test Data collected
Unit Test 1 Test 2 Test 3 Test 4
Temperature T, C
Wet-bulb temper- T C
Entering ature WB2
supply air -
(station 2) Humidity w, kg wy/K8pa
Enthalpy h, k]/kg
Static pressure pS5 Pa
Temperature Ty C AN
Wet-bulb temper- T C Q v
Entering ature WB'3 '],
supply air - -
PPy Humidity Wy kg wy/K8pa /\/\
(station 3) \
Enthalpy hy kj/kg ad
Static pressure  |ps; Pa 10 v
Temperature T, C ¢ \"9
_ Wet-bulb temper- T C O\
il Humidity w, kg wy/K8pa . QV
(station 4)
Enthalpy h, k]/kg R
: N
Static pressure PSy Pa )
Thermal and pressure drop test Cal\éa‘;ted results
Performancg calculations Unit . @g 1 Test 2 Test 3 Test 4
Static pressyre differential - Pa AQ
Sensible effectiveness Esensible | Y0 \L\V
Latent effecfiveness Elatent % ,.'\\CJ\
Total effectiyeness Eotal %
Measured prlessure drop in AP, Q\Pa
supply air r'O
Measured prlessure drop in A@V Pa
exhaust air A
Standardizefl pressure drop i \-A,PS‘mf Pa
supply air A
Standardizedl pressure Wn AP, Lot Pa
exhaust air N
S
é Table A.4 — Information about test facility

Leakage test record

Test facilities information
Date:

Examiner:
Address:
Test facility name:

18 © IS0 2021 - All rights reserved
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ply air

Leakage test Data collected
Unit Test 1 Test 2 Test 3 Test 4
Specified static pressure differ- p
. - a
ential
Rotational speed of wheel - r/min
Air mass flow rate leaving sup- h, ke/s
ply air
Air mass flow rate entering . Yo /
n o/S
exhaustair S 7 N
N
Temperature T, o Qq/
Wet-bulb temper- .
Ente ring ature P Twpn C /\(bq,
supply air - X
(statfon 1) Static pressure psq Pa \
Tracer gas con- c (ppm or ‘v
centration 1 10-9) (.AO
Dry-bulb temper- T C g\\J
ature 2 Je)
i Wet-bulb temper- \¢
ESte[img ature b Twe2 ¢ QQ
pply air
(station2)  |Static pressure ps, Pa c\)\\
Tracer gas con- c (ppm or N
centration 2 10-6) (]
Dry-bulb temper- T $
ature 3 \\(\Q
Entefing Wet-bulb temper- T \O C
supply air  |ature WEBS e
(station 3)  |Static Pressure psﬁ.‘\\\" Pa
Tracer gas con- 'CV (ppm or
centration 3 10-9)
Dry-bulb temp D
ature ,\EG Ta ¢
Ente| ring Wet-bulb er- T C
supply air  |ature O)\ Wi
(statjion 4) Sta?iﬁq)essure PS4 Pa
l?ér gas con- c (ppm or
_<Jcgntration 4 10-6)

?5 Leakage test results Calculated results
Perfpfmance calculations Unit Test 1 Test 2 Test 3 Test 4
static pressure differential - Pa
Exhaust air transfer ratio Rga¢
Outside air correction factor Fyac

Table A.6 — Performance calculation
Performance calculation Data collected
Unit Test 1 Test 2 Test 3 Test 4
Static pressure differential - Pa
Rotational speed of wheel - r/min
Air mass flow rate leaving sup- ity ke/s

© IS0 2021 - All rights reserved
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Table A.6 (continued)
Performance calculation Data collected
Unit Test 1 Test 2 Test 3 Test 4
Air mass flow rate entering g ke /s
exhaust air
Sensible effectiveness Esensible %
Latent effectiveness €latent %
Total effectiveness Etotal %
Measured pressure drop in AP, Pa
supply air
Measured prjessure drop in AP, Pa
exhaust air
Exhaust air fransfer ratio Rt
Outside air dorrection factor Fy ..
Supply fan ahd drive combined MNts
efficiency
Exhaust fan pnd drive combined Nte 1
efficiency
Auxiliary power input Qaux kW
Gross recovgry efficiency ratio Rrergross
Net recovery efficiency ratio Riernet
Table A.7 — Uncertaintycalculation
Uncertainties (expanded relative uncertainties) Calculated results
Coverage fadtor? Unit Test 1 Test 2 Test 3 Testl4
Uncertainty jof U(m,) kg /s
Uncertainty jof rh, U(m,) kg/s
Uncertainty |of €., sible U(&sensible) %
Uncertainty jof &,;en¢ U(1abent) %
Uncertainty [of &, U(¢t5tal) %
Uncertainty fof pressure drop in U(AP) %
supply air
Uncertainty fof pressure drop.in U(AP,) %
exhaust air
Uncertainty jof OACF U(F,,0 %
Uncertainty jof EATR U(Reat) %
Uncertainty jofgross RER U(Rer,gross) %
Uncertainty of net RER U(R,ernet) %

a2  The coverage factor selected shall be indicated.

20
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Annex B
(informative)

Best practices

d under the
y conditions.

1 to provide
10 illustrate

2

/

B.1 Measure test system duct leakage
Prior to the performance tests, the ducts or casings across the test section shall be teste
maximum negative pressure and flow rate that will be encountered under test or operating
Flow| rates shall be determined and shall satisfy the inequality limits in Clause 11«
B.2 | Transitions between test system ducts and exchanger
Trangitions between the test system ducts or casings and the exchangér shall be designe
good| distribution of airflow at the exchanger inlets and outlets. Eigures B.1 through B.]
cominonly used arrangements.
m/2
_/‘ M/6
i
I ) |
N
= 1
H = 3 <:
I |
M/2

- (L)
Key
1 Hirection of aif flow
2 piezometerying
3 ncluded-angle
4 Splitter plate
M ajor dimension of exchanger inlet
m  minor dimension of exchanger inlet
L  minimum dimension of transition piece in direction of air flow

The included angle shall not exceed 40°. If the included angle > 20°, add a splitter plate at duct end, with a length
equal to L/2.

Splitt

NOTE 1

er plates required of included angle > 20°.

static tap locations as shown.

© ISO
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NOTE 2  Piezometer ring connects four static pressure taps.

Figure B.1 — Transitions from test ducts to exchanger inlets

m/2 M/3
I
( | ) -
S w\
Z —11\
L | 3 >
4
I |
M/2 /4
m
(L)
2
Key
1  directiof of air flow
2 piezomgter ring
3 included angle
M  major djmension of exchanger inlet
m  minor djmension of exchanger inlet
L minimujn dimension of transition piece in direction of airflow

The includedjangle shall not exceed 40°.

NOTE1  Mpjor and minor dimensions of the exchanger inlet establish the length of straight plenum sectiop and
static tap locations as shown.

NOTE 2  Piezometer ring connects fourstatic pressure taps.

Figure B.2 — Transitions from exchanger outlets to test ducts
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Key

1 entering supply air connection
2 eaving supply air connection

3 bntering exhaust air connection
4 eaving exhaust air connection
5 piezometer ring

6 hccess panel

Each ftransition shalDbe’equipped with a piezometer ring connecting four static taps.
Each fransitionshdll be equipped with an access panel to allow sealing of transition to exchanger inle{s and outlets.

Figure B.3 — Transitions arrangement for rotary exchanger

© IS0 2021 - All rights reserved 23
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24

entering
leaving
entering

leaving ¢xhaust air transition piece

rotary ekchanger

supply air transition piece

upply air transition piece
exhaust air transition piece

Figure B.4 — Transitions arrangement for rotary exchanger (exploded)
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N\ UNIN DN

1
Key
1 entering supply air connection
2 eaving supply air connection
3 entering exhaust air ¢osnnection
4 eaving exhaust air-connection
5 piezometer rifgg
6 hccess panpel

Each fransition shall be equipped with a piezometer ring connecting four static taps.

Each fran’sition shall be equipped with an access panel to allow sealing of transition to exchanger inlets and outlets.

Figure B.5 — Transitions arrangement for heat pipe exchanger
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entering

leaving $upply air transition piece

entering

leaving ¢xhaust air transition piece

heat piple exchanger

Figure B.6 — Transitions arrangement for heat pipe exchanger (exploded)

supply air transition piece

exhaust air transition piece
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entering supply air connection
eaving supply air connection
entering exhaust air connection
eaving exhaust air connection
piezometer ring

hccess panel

transition shall be equipped with a piezometer ring connecting four static taps.
transition shall beequipped with an access panel to allow sealing of transition to exchanger inlef

Figure B.7 — Transitions arrangement for plate exchanger

© IS0 2021 - All rights reserved
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entering

leaving

entering

leaving
plate ex

supply air transition piece

upply air transition piece
exhaust air transition piece
exhaust air transition piece
hanger

Figure B.8 — Transitions arfangement for plate exchanger (exploded)
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N

a

&

7

——————————————————————————aj-viewfromabovetestcasing

N N

b) view from sideoftest casing

hngle between duct outlet or inlet and nearest extreme edge of the exchanger face
hngle between duct outlet or inlet and farthest extreme edge of the exchanger face
ongest distance between edges of two.adjacent faces

est casing should be symmetrical

r lines of the inlet and outlet-ducts shall be coincident with the centerpoint of the exchanger in|
as indicated by dimensien'L/4.

n1 < 20°
N2 < 15°

test casingisiconnected to the supply and exhaust ducts by cones, then the inlet cone shall be syn
e an angle'of < 30°.

let and outlet

hmetrical and

Figure B.9 — Schematic arrangement of a test casing for a plate exchanger
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A
= -
g I —
B - — B 7T ! AN I
Q L7 | A
- [ I L
T —— | T T — —r%:—f_ff—:}%él— 1
|\ | !l
| \\ . // |
- I ~ | s I
(L |
[ R 4
| AD
| <
A
a) view of section A b) view alongexchanger axis
~
C
- \ o)
\\}\&
~N
c) view of section B
Key
al anglg, in the vertical plané; between duct outlet or inlet and intersection of exchanger’s vertical axis and
its cjrcumference
a2 angl, in the verticdl plane, between duct outlet or inlet and exchanger’s centerpoint
a3.a4 anglp, in the Horizontal plane, between duct outlet or inlet and intersection of exchanger’s horizontdl axis
and fits circuinference
L longest’distance between the edges of two adjacent faces

The test casing should be symmetrical.

Centerlines of the inlet and outlet ducts shall be coincident with the centerpoint of the exchanger inlet and outlet
faces, as indicated by dimension L/4.

The angles al and a2 shall not exceed the following limits:
al < 20°%
a2 <15°
a3 =a4<30°

If the test casing is connected to the supply and exhaust ducts by cones, then the inlet cone shall be symmetrical and
feature an angle of < 30°.

Figure B.10 — Schematic arrangement of a test casing for a rotary exchanger
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d _ ’ d i
| |
0 ¢ |
S | = |
N | Q |
I e | )
8 - O-————0————0—%
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Key
d ipside diameter of duct

The temperature probes shall be placed so that each of them is centeTed/in areas of equal size.

Figure B.11 — Positions of 3 or 5 probes in a circular duct

B.3 | Insulation of test system ducts and transitions

All ducts containing temperature and .humidity measurement instruments and conngcted to the
exchanger, if exposed to air at a measufably different temperature, should be insulated. The thermal
resistance of the insulation should be hot less than 2,6 m2 K/W. If this is not possible, jt should be
dem¢nstrated that the difference.in-temperature between the measurement location and| the inlet or
outldt of the exchanger would netbe expected to be greater than the measurement uncertginty.

B.4 | Mixing of outlef-airstream
Verifly that the difference between the highest and the lowest temperatures inside the|duct at the

temperature medgutrement location will not be more than 0,3 K. Provide a mixing device ppstream of
the temperature/measurement location, if necessary, to meet this requirement.
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Annex C
(informative)

Expression of performance metrics for use in calculation of system

C.1 Gene€

This Annex
in the ISO 5]

Given suffic
its perform
as function
This Annex

additional ipputs may be needed to generate accurate models.

With these
where it is
metrics as
spreadsheetf
Performanc
may adopt aj
both of whid
standards, 4
regional set
documentat
terms of 8 7

Since metho
document, 1

C.2 Heat

Formulae clf
condition, b

Formula (C.

8sensible

where m, is

performance

ral

is intended to align with the holistic approach to building energy use assessment out
000 series.

hnce metrics as defined in Clause 5, may be expressed by empirically’derived form

indicates the inputs that at a minimum shall be included in suéh formulae. In some @

nputs, an exchanger can be modelled properly as a portion of the system independe
n the system design. The inputs, the exchanger mode}h.and this document’s perform
putputs, can then be assembled as a sub-system and inserted into the set of modd
s required to comply with any jurisdiction that adopts the ISO 52000 series for the Er
e of Buildings. The overarching standards are now required in the EU and any jurisdi
[ny or all of the entire set of standards. The template for these standards requires 2 Anf
h are normative: Annex A is the minimum.set of metrics required for compliance with 1
Ind Annex B is either a recommended,set of values or is for a jurisdiction to supply
of values for insertion into the information needed for its building label or other bui
ion. The exchanger model can beused with any regions climate or overall building dg
60 h or some subset therein.

o attempt has been made to provide guidance on modelling thereof.

transfer effeetiveness

aracterizing thé heat transfer effectiveness of a specific exchanger at a specific oper
1t without.gondensation, shall use the following inputs:

|) forfixed-plate exchangers:

lined

ent measurement and knowledge of a specific energy recovery ventilation' (ERV) exchanger,

ulae,

5 of its operating conditions. These operating conditions may, be-described as inputs.

ases,

nt of
ance
Is or
ergy
ction
lexes
hese
their
lding
tain

ds to determine operating-conditions in which frosting may occur are not presented in this

ating

(€.1)

Pl 11

the mass flow rate at station n

Formula (C.2) for rotary exchangers:

gsensible

rh3,n

)

= f(rm,,

where n is the wheel rotation speed

32

(€.2)
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Formula (C.3) for heat pipe exchangers:

8sensible :f(

mz’myf)

where 7 is the tilt angle.

C3

Latent transfer effectiveness

(C.3)

Formulae characterizing the latent transfer effectiveness of an exchanger at a specific operating

cond

ition shall use the following inputs:

Fornm

whet

Fornm

ula (C.4) for fixed-plate exchangers:

8 atent = S (11113, W), Wy )

e W, is the humidity at station n
ula (C.5) for rotary exchangers:

8 atent = (M5 111, Wy, Wo, )

measured pressure drop

ulae characterizing the measured pressure droplof an exchanger at a specific operati

ulae (C.6) and (C.7) for fixed-plate exchangers:

e Aps, 5 is the static pressure differential (this factor may be negligible for exch

ulae (C.8).and (C.9) for rotary exchangers, the purge setting may by an additional fact

(C.4)

(C.5)

hg condition

(C.6)

(C.7)

hngers with

P

(C.8)

C4
Fornj
shalljuse the following inputs:
Fornj

PP = f(mz,myApsm)
and

AP = f(mz,mg,Apsm)
whe '
sufficiently rigid plates).
Fornj

AP = f(rhz,rh3,Ap5273,9)
and

AP, :f(mz,th,Apsm,@)

where 0 is the purge angle.
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Formulae (C.10) and (C.11) for heat pipe exchangers:

APs:f(mz’m3)

and

Apezf(mz’m3)

C.5 Recovery efficiency ratio

(C.10)

(C.11)

Formulae cH
shall use thg

Ry = f[( @y Q500 AP AP, 1 1 i i, |

where Q, and Q5 [in Formulae (C.13) and (C.14)] are the supply and exhaust side$ volume flow rates,

Q, =m,

Qz =i,
P, and
qaux

N¢s and 1

C.6 Outs

Formulae cl

Py

I fe

34

are the average supply and average exhauist air dry air density,

aracterizing the recovery efficiency ratio of an exchanger at a specific operating condition

following inputs in Formula (C.12):

€.12)

(€.13)

C.14)

is the auxiliary total power input te-the exchanger (e.g. to rotate a regenerative wheel

and to operate controls)

are the supply and exhaust airfan and drive total efficiencies.

jde air correction fac¢tor and exhaust air transfer ratio

naracterizing the outside air correction factor and the exhaust air transfer ratio ¢f an
exchanger af a specific operating’condition shall use the following inputs:
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Formulae (C.15) and (C.16) for fixed-plate exchangers:

F =f(rh2,rh3,Asp2’3,APs,APe) (C.15)

oac
or

Frae = (iy ity 5P, 5P, .53 5P, ) (C.16)

Formulae (C.17) and (C.18) for rotary exchangers, the purge setting may by an additional factor:

Froe =F {1y 11y, Asp, 1. AP, AP, 6] (€17)
or
Foae =1 (y 1y 5, 5P, sp3. 5P, .6) (C.18)

For heat pipe exchangers the outside air correction factor and exhaust-air transfer ratio afre generally
equall to unity, but if not, inputs shown in Formula (C.12) may be used

C.7 | Sensible energy transfer rate

Formulae characterizing the sensible energy transfer rate of an exchanger at a specific operating
condjfition shall use the following inputs in Formula (C.19):

()sensible =f (8sensible ! Tl ’ T3 1My Cp72 ) (C.19)

wherte ¢, ; is the specific heat of dry air at station 2.

C.8 | Humidity transfer rate

Formulae characterizing the liumidity transfer rate of an exchanger at a specific operating condition
shallfuse the following inputs_in Formula (C.20):

)latent = f (glatent > Wl ’ W3 ’ m2 ) (C-ZO)

VN

C.9 | Energy transfer rate

Formulae characterizing the energy transfer rate of an exchanger at a specific operating condition shall
use thefollowing inputs in Formula (C.21):

Qtotal = f (gtotal ’ hl ? h3 ’ mz ) (C-Zl)
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