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Foreword:

DX-DOAS Units condition Outdoor Ventilation Air independently from the buildiHYAC system.This approach
to hardling ventilationair resultsin superiorhumidity control by limiting the primargourceof humidity in most
buildings—ambient humidity carried iby theventilationair —directly at itssourceWhentheDX-DOAS Unit removes
enoughmoisturefrom the vatilation air tomatchthebuildinginterior load,energysavingscan be obtainely running
the separate, sensible cooliogly, interior cooling system at higherevaporatingemperaturethus improving the
energyefficiency. Furtherenergysavingsmay be realized by providing onithe amountof ventilationair necessary
and/orby using energy recovery from the building Exhadgt to pretreat theventilation air. Alternate energy
strategies may be employed to provide ventilation dovabr high dry bulbtemperatureto assisin building cooling
andheating.

Price$10.00(M) $20.00(NM) ALIDI ©Copyright2020, by Air-Conditioning,Heating and Refrigerationinstitute
Printed inU.S.A. Al am “ RegisteredJnited StatesPatentand Trademark Office


http://www.ahrinet.org/Certification/AHRI-Certification-Programs/DX-Dedicated-Outdoor-Air-System-Units
http://www.ahrinet.org/Certification/AHRI-Certification-Programs/DX-Dedicated-Outdoor-Air-System-Units

SECTION TABLE OF CONTENTS PAGE

Section 1. PUIDOSE. .t 1
Section 2. ST oT 0] o] PP 1
Section 3. D= 1] 11 (o] £ K S PP PP PPPUPPPPPPPPPPPN 1.
Section 4. ClaSSIfICALIONS. ... vt e e e e e e et e e e e bbb e e e e e 6
Section 5. TESt REQUITEIMENIS ...ttt ettt e e e e e e e eeeeennnennenn ] 6
Section 6. RAtiNG REQUIBIMENTS .....uiiiii e e e et e s 10
Section 7. Minimum Data Requirementsr Published Ratings............cccoooviieiiiiiiiiiiiiii e 23
Section 8. Operating REQUINEIMENIS. ......oiiiiiiiiiiiie e e e e e e e e e e a bbb e e e e e aeeeas 23
Section 9. Marking and Nameplate Data...........ccouvriiiiiiiiumiiir e e 25
Section 10. CoNfOrMANCECONAITIONS ... uuu et e e e bbb enns 25
Section 11. SYMDOIS ANA SUDSCIIALS. ....ceeiiiiiiiiiiiie e a e 25
TABLES
Table 1. Classfication 0f DX-DOAS UNILS .......ccouiiiiiiiiiiiiie et 6.
Table 2. TestCondition Tolerance for Charging Hierarchy...........cccoovevviiiiieiiiiiiceeee e 8
Table 3. Multiples for Rated MRC.........couuiii e e e e e e e e e et e e e ean s aeeaaees 10
Table 4. Operating Conditions for Standard Rating and Performance Tests for Classifications .ALB, W
Table 5. Operating Conditins for Standard Rating and Performance Tests for Classification.H...12
Table 6. Multiples for Rated AIFflOW. ..........iiiiii e e eeeeens 13
Table 7. EXtErNal StatidPrESSUIES. ...t er et e e e e e e e e e e e e e e s anennnes 15
Table 8. Basic Pumping Penalty (BPvs. Liquid Flow Rate (WE).......cccccooiieiiiiiiiieeeeece e, 16
Table9. Test Operating and Test Condit TOIEIANCES..........cccuvieeiiiiiiiiieeereiie e e e eea s 17
Table D. Heating CapacCity TeSIS. . ...t iiiiiii e iee e e e e ree e e e e et e e e e et eeeearaaneaeaenes 20
Table 11. Supply Air Temperatures and W Penalty Useddalculation of Heating Mode Ratings....21
FIGURES
Figure 1 DX-DOAS Unit Airflow SChEMALIC........cevviiiiiiiiiiiee e 2
APPENDICES

Appendix A REfEreNCES NOIMALIVE ... ..ui it e e e e e e e ae s 28
Appendix B References INFOrMALIVE............ouuiiiiiii e 29

Appendix C ANSI/ASHRAE Standard 198 and ANSI/ASHRAE Standard 37 Additions Clarifications and
EXCEPHONS NOIMALIVE ... uuuiii ettt s s e e e e e e e e eeeeeaessnan s 30



Appendix D
AppendixE
AppendixF

Appendix G

Table C1

Table C2
Table C3
Table G
Table D1
Table D2
Table D3
Table D4

Table G1

Figure C1
Figure C2
Figure C3
Figure C4
Figure C5
Figure C6
FigureEl
FigureE2
FigureE3
FigureE4
FigureE5
FigureE6

Figure E7

MRE and COP Interpolation Calculation$nformative...............cooovviiiiiiiinniiiiii e 46
Typical Test Unitnstallations- INformative..............oooiiiiiiiiiii e 56
Unit Configuration for Standard Efficiency DeterminatioNormative...............cccccceeeeeeen. 63
Verification Testing- NOIMI@LIVE ........ccooiiiiiiiiii e 66

TABLES FOR APPENDICES

Outdoor Coil Entering Air Conditions for Ai€ooled and EaporativelyCooled DXDOAS

L0 ] £ PP PPPPPPPUPPPTTPRRRS 30
Temperature Measurement REQUINEMENLS.........oouuiiiiiiiiiieei e 34
Criteria for Air Distribution and Control of Air Temperature...............coeeevvvvveeeveniinnnnnn 41
Default VERSPerformance ValUES..........cooov v 43
MRE Weighted Average Calculation Explal; Tested Values.............cceevvvvviiiiininnnnnnn. 46
MRE Weighted Average Calculation Example 2; Tested Values..........c.cccccceviveeiennnnnnn. 49
COPWeighted Average Calculation ExamgleTested Values...........ccccceeevvevvevienieeeennnn 52
COPWeighted Average Calculation Exam@eTested Values...........cccveveviveveevinceiieeennnn. 54
F ot od=T o) =Y U= 3 O 41 =1 1T PR 66

FIGURES FOR APPENDICES

Non-Ducted OUtIEt PIENUIL. .........uuiiiiiieiiiiiiiee e 32
Non-Ducted Inlet Plenum (Without Ducting to Booster Fan)..............cccceeevvivevviviinneeenns 33
FNS o1 = T L0 S]] (0] 1= (= N 34
Typical Air SAMPING TrEE...ciiiii e e e e et e e e e et eeeeeennen 36

Determination of Masurement Rectangles and Required Number of Air Sampler.Trees37

Typical Test Setup ConfiQUIratiONS...........oeeiiiiiiii e e e e e e e e e eenes 38
Single Package DXOOAS Laboratoryschematic (NO VERS).......cccoiiiiiiiiiiiiicceeed 56
Single Package DXOOAS unit with Desiccant Wheé&lboratorySchenatic (No VERS).....57
Single Package DXOOAS unit with VERS (Option 22 ROOMS)........uuviiiiiieeiiiiiiiieineeiinns 58
Single Package DXOOAS unit with VERS (Option 23 ROANS)........vvvviiiiiiiieeiieiiiieeneiiiens 59
Single Package DXOOAS unit with Desiccant Wheel (Option- B ROOMS)...........cceeenn.... 60
Single Package DXOOAS with VERS (OPtON 2).......covvviiiiiiiiiieeeeeeeeeeeeeeeeeiiiine e 61
Relief-Air-Cooled DXDOAS with or without VERS (Option 1)........cceviiveeeiiriiiiieeeeeiiinens 62



AHRI Standard 920 (I-P)-2020

PERFORMANCE RATING OF DIRECT EXPANSION-
DEDICATED OUTDOOR AIR SYSTEM UNITS

Section 1. Purpose
1.1 Purpose The purpose of this standard is to bksh for Direct Expansion- Dedicated Outdoor Air SysterX-DOAS)
Units: definitions; classifications; test requirements; rating requirements; minimum data requirements for Published Ratings;
operating requirements; marking and nameplata;and confomance conditions.

1.1.1 Intent. This standard is intendédr the guidanceof theindustry,includingmanufacturergngineersinstallers,
contractorandusers.

1.1.2 ReviewandAmendmeniThisstandards subjecto reviewandamendmenastechnologyadvances.

Section 2. Scope
2.1 ScopeThisstandard applies to facteassembled commercial or industrial DOAS Units as defined in Section 3.
2.1.1 EnergySourceThis standaranly applies to electrically operatedaporcompressiomefrigerationsystems.

2.1.2 Installation.DX-DOAS Units are intended for ducted or rducted installation with field or factory supplied
grilles.

2.2 Exclusions.This standard shatiot apply to Sensibl®nly 100% OutdoorAir Units. Directconversiorof valuesfrom
testingperformedunderAHRI Stardard 921 (SlIkshallnot be used.

Section 3. Definitions

All terms in this document will follow the standard industry definitions in tA8HRAE Terminologywebsite
(https://www.ashrae.org/resouregmublications/freaesources/ashraerminology unless otherwise defined in this section.

3.1 Air Conditions.

3.1.1 Exhaust Air.Air removed from the DXDOAS Unit after use (a) for preconditioning Outdoor Air in a
Ventilation Enegy Recovery SystenfVERS), (b) as a heat sink or source for an Outdoor Coil, or (c) both, and
discharged outside the building by means of mechanical ventilation systems. This is only applicabl2Q& B Xinits

with VERS and ReliefAir-Coded DX-DOAS units

3.1.2 Outdoor Air. Unconditioned air from outside a building taken from the external atmosphere.

3.1.3 Outdoor Ventilation Air The Outdoor Air that passes through the conditioning coil and is supplied to the
conditioned space

3.1.4 Regeneration Air. Outdoor Air dram into the DXDOAS Unit that is used to remove moisture from the
desiccant and is exhausted to the building exterior, rather than to the Conditioned Space.

3.1.5 Return Air Air removed from the Conditioned Space and delivered to theDDAS Unit by means of
mechanical ventilation system3his air is used to precondition Outdoor Air in a VERS or act as a heat sink or source
for an Outdoor Coil.

3.1.6 Simulated Ventilation Air Air that is representative of the prenditioned air leaving theentilation Energy
Recovery SystenfVERS)when using test Option 2, as described in Section 5.4

3.1.7 Supply Air Conditioned air discharged from the EDOAS Unit and delivered to theéonditioned Space.
1
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3.2 Airflow.

3.2.1 Exhaust Airflow The moving volume of exhaust air discharged idetshe building. Exhaust Airflow is
expressed in cfm or scf(see Figure 1)

3.2.2 Outdoor Airflow The moving volume of Outdoor Air that enters and is conditioned by th®DXS Unit.
Outdoor Airflow is expres=d in cfm or scfm (see Figure 1).

3.2.3 Regeneratiorirflow. The moving volume of Outdoor Air that is drawn into the-DXAS Unit, is used to
remove moisture from the desiccant, and is exhausted to the building exterior, rather than to the Conditioned Space.

3.2.4  Return Airflow.The moving volume of Return Aentering theDX-DOAS Unit. Return Airflow is expressed
in cfm or scfm (see Figure 1).

3.25 Simulated Ventilation Airflow The moving volume of Simulated Ventilation Air that is ducted to the Outdoor
Air inlet and the Return Air inlet during Option 2 tesfias described in FiguEs.

3.2.6  Supply Airflow The moving volume of Supply Air delivered by the IDOAS Unit by the urttmounted
Supply Air fan or fans. Supply Airflow is expressed as cfm or scfm (see Figure 1).

3.2.6.1 Rated Supply Airflovirthe Supply Airflow usd when setting Airflow as described in Section 6.1.5.

Ventilation Energy Leaving
Recovery System Regeneration
(VERS)* Airflow*
Outdoor ' S [ )
Airflow O <:|
2 Entering
5 R t
Exhaust D S Ai?-f?g\;r\:r?ra ion
Airflow* G
@]
4 O »
/} Desiccant @
Outdoor Coil** — Wheel* .
Return Airflow* Supply Airflow

* - Denotes components of a BIXOAS unit that may not beresent in all testing arragements.
**- This outdoor coil location applicable only for a Relff-Cooled DXDOAS arrangementMay be preent in this location in a unit with or without
VERS. Otherwise, the outdoor coil is in a separate locatigqmosed to flow of outdoor air.

Figure 1. DX-DOAS Units Airflow Schematic

3.3 Coefficient of PerformancéCOP). A ratio of the heating capacitin watts to thepowerinput valuesin wattsat any
givensetof Rating Conditiongxpresseéh W/W.

3.3.1 COPoonsx The COP of the DXDOAS Unit determined by the Total Heating CapaciipX-DOAS and the
unit’s electrical 1{input pcapacityconralthat pgravides, ormostciogely pravidas,@ c¢ o
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Supply Air dry bulb temperature within the allowesupply Air dry bulb temperature rang@vherex signifies the
StandardRating Condition)

3.4 ConditionedSpace That part of duilding that is hunidified or dehumidified;heatecbr cooled or both,for the comfort
of occupants.

3.5 Conditioning Coil. The coil that uses evaporating refrigerant to cool and dehumidify the Outdoor Ventilation Air in a
DX-DOAS without a Ventilation Energy Recovery SysteMERS) or to cool and dehumidify the air leaving the energy
recovery device in a DXOOAS with energy reovery.

3.6 Direct ExpansiorDedicated Outdoor Air Syste(®X-DOAS Units. A type of aircooled, evaporativetgooled, or
watercooled airconditioner, or arair-source or water source heat pump, that is a factory assembled product designed and
marketed andadd to provide ventilation and dehumidification of 1%00utdoor Air, is capable of dehumidifying air to a 55

°F dew point when operating under Standaatirigy Condition A as specified in Table 4 or Table 5 of this test standard with a
barometric pressure of 29.92 in Hg, and may include Reheat. It may ipctsctenditioning of Outdoor Air using an enthalpy
wheel, sensible wheel, desiccant wheel, platd b&changer, heat pipes, or other heat or mass transfer apparatus. Heating
components are optional and may include electrical resistance, steam, hotivgaeheat. In addition, it may provide for air
cleaning or may include mixing box or economizamgers to allowRreturnAir to be intermittently used as allowed by the
controls.

3.6.1 OutdoorAir-Cooled DXDOAS. An air-cooled DXDOAS unit which uses 100 outdoor air to cool the
OutdoorCaoil in dehumidification mode.

3.6.2 ReliefAir-Cooled DXDOAS.An air-cooled DX-DOAS unit which cools or warms the outdoor coil using either
(a) 1006 Return Air, or (b) the air leaving a VERS afterqoanditioning the entering Oubdr Air.

3.7 Energy Recovery Whed\. rotatingdisk VERS having a porous matrix that transfers hedtraay transfer moisture
between air streams passing through opposite sides of the disk. It transfers energy between the air streams by alternately
contacting one and then the other airaties it rotates.

3.8 Exhaustiir TransferRatio(EATR) The fractionof the flow of Standard Air leaving a VERS that leaked or transferred
from the Return Air inlet rather than passing through the VERS from the Outdoor Air inlet.

3.9 Full Capacity For compressors with Staged Capacity Control, all compessoand are perating at maximum
capacity. For compressors with Proportional Capacity Control, all compressors are on and operating at maximum capacity
allowed by the factory mounted controls.

3.10 GroundSourceClosedloop HeatPump A heatpump that usefuid circulatedthrough asubsurfacepiping loop as a
heatsource/heasink.

3.11 GroundSourceHeatPump A heatpump that usewaterpumpedirom awell, lake or stream as heatsource/heasink.

3.12 IntegratedSeasonaCoefficientof PerformancglSCOR). A seasonakfficiencyrating A combined heating efficiency
rating of a DXDOAS heat pump at operating points E and F, as defined in Talled5, basedon the formulas listedn
Section6.12. Expressed iW/W.

3.13 IntegratedSeasonaMoisture RemovakEfficiency (ISMRE2) This seasonatfficiencyratingis a combined MRE rating
of a DX-DOAS Unit operating at standard rating conditions A, B, C anddefased in Tabled and5 andbased otheformula
listedin Section 6.3. Expressedh Ib of moisturekW- h .

3.13.1 Integrated Seamal Moisture Removal Efficiency 70 (ISMR§ZThis seasonafficiencyratingis a combined
MREz rating of a DXDOAS Unit operating at standard rating conditions A, B, C and Befised in Tabled and5,
andbased onheformulalistedin Section 6.3.

314 Manufacturerds | nst.Malhatfiaen urrst sucltoicame nf Ml It)hat ¢ om
labels applied to the unit(s). Online manuals are acceptable if referenced on the unit label or in the docurnents that

packaged with it e unit . Al l references t o “manufacturer’s in s
“manufacturer’s installation instructions, manufactur

3
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operation manuals” “ i ns traucltaitoinosn” iannsd ot her similar r elfisfuctonsc es m

3.14.1 Supplemental Test Instructions (SAglditional instructions provided by the manufacturer and certified to the
United States Department of Engr(DOE). STI shall iclude (a) all instructions that do not deviate from MIl but
provide additional specifications for test standard requirements allowing more than one option, and (b) all deviations
from MII necessary to comply with steady state requir@seSTI shall provid steady operation that matches to the
extent possible the average performance that would be obtained without deviating from the Mil. STI shall include no
instructions that deviate from MIl other than those described in (b) above.

3.15 MoistureRemovalCapadgty (MRC) The rate of moisture removal from air delivered by the D3AS Unit as Supply
Air, expressed in Ib of moisture/h at tRated Supply Airflow rate

3.16 MoistureRemoval Efficienc¢MRE). A ratio of the MoistureRemovalCapacityto the totalpowerinputatany givenset
of RatingConditionsexpresseth Ib of moisture pekW- h .

3.16.1 Moisture Removal Efficieney0 (MRE). The MRE of the DXDOAS Unit including energy usage from any
Supplementary Heat that is requireddcse the temperature of the Supply Air to 70 °F.

3.17 Outdoor Coil. The heat exchanger that operates as a condeémsesject heat from the refrigeration circuit in
dehumidification mode or (for heat pump EDOAS) operates as an evaporator to absorb heathateefrigeration circuit
during heating moder-or the purposes of this standard, most of the Outdoor Caiks @atdoor Air passing through them
except for ReliefAir-Cooled DXDOAS Units.

3.18 Proportional Capacity ControlCompressor capacity control that has at least one compressor with continuously
modulatingcapacityor multiple capacity steps where the Totabllny Capacity for each stép not more than 5% of the sum
of all the ANSI/CAN/AHRI Standard 540 Tableratingtestcapacities for high temperature refrigeration

3.19 Published Rating A statementof the assignedvalues ofthose performance characteristicander stated Rating
Conditions,by which aunit may be chosen to fit its application. Thesduesapply to allunits of like hominalsizeandtype
(identification) producedby the same manufacturer.The term PublishedRating includesthe rating of all pgormance
characteristicshownon the unit or publishedin specifications, advertising otherliterature controlledy the manufacturer,
at statedRatingConditions.

3.19.1 ApplicationRating A rating based oriestsperformed at Application RatinGonditions(otherthanStandard
RatingConditions).

3.19.2 Standard RatingA rating based otestsperformed at Standard Rati@gnditionsas listed in Tabld or Table
5 and Table 7.

3.20 RatingConditions Any setof operating conditions underhich a singlelevel of perfemanceresultsandwhich causes
only that level of performance tcur.

3.20.1 Standard Rating Conditions. Rating Conditions used as the basis of comparison for performance
characteristicaslistedin Table4 or Table 5 and Table Tonditions A, B C, D, E and F, are denoted throughout the
standard using a subscript, X, in some cases.

3.21 ReheatSensibleheat that the DXDOAS Unit can input to the Supply Air in the dehumidification mode to raise its dry
bulb temperature downstreamtbé conditioningcoil.

3.21.1 Cycle ReheatHeat that is used to increase the loinjb temperature of dehumidified air leaving the evaporator
that is supplied by a component that is either part of the vapor compression cycle, or a system that transbens heat fr
one part ofte unit to the other (e.g., wrapound heat pipe, wraground vapor compression cycle), or a system that
transfers heat from outdoogrer air moving over theOutdoor Coil to the dehumidified airCycle Reheat is not
Supplementary HeaCycle Reheat is gxxessed in units of Btu/h.

3.21.2 Supplementary Rehe&upplementary Heat used during dehumidification mode.
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3.22 "Shall* or"Should". "Shall"or“ s h o shallldeinterpretecasfollows:

3.22.1 Shall.Where"shall" or "shall not" is usedor a provision specified, thairovisionis mandatory if compliance
with the standard islaimed.

3.22.2 Should."Should" is usedto indicate provisionswhich are not mandatorybut which are desirable as good
practice.

3.23 Staged Capacity ControlCompressor capacity control that only usesrdigcsteps of compression or compresser on
off cycling. This type of control uses more than one stage and is not proportional control.

3.24 Standard Air Air weighing 0.075 Ib/ft®> which approximates dry air at 70.%F and at a barometricpressure of
29.92 inHg.

3.25 Supplementary Headll heat required to increase the dnylb temperature of dehumidified or heat pump heated Supply
Air (as applicable) to 70F perSection 6.3hat is not provided by the following sourcasthe vapor compressiolyde, b. a
system that transfers heat from one part of the unit to the other (e.ganotap heat pipe, wraground vapor compression
cycle), c. a system that transfers heat from the Outdoor Air to the Supply Air. Supplementary Heat is expresgedfin uni
Btu/h.

3.26 Total Cooling Capacity The capacity associatedgth thechangen air enthalpywhichincludedatentcooling,sensible
cooling and any effects of a VERBtu/h.

3.27 Total Heating Capacity Amount of heatthe DX-DOAS Unit caninput to the Suply Air in the heatingmode. This
includesthe heat onlyfrom the vapocompressiortycle, supply air fan heat, and the VERB&u/h.

3.27.1 Total Heating Capacity DOAS The Total Heating Capacity of the EIXOAS Unit limited to a maximum
supply air temperaturef 75 °F if the unit capacity produces a Supply Air deyb temperature greater than 75 °F.

3.28 Ventilation Energy Recovery System (VERS)ystem that preconditions Outdoor Air entering the-D®AS Unit
through direct or indirect #trmal and/or moisturexchange with the Exhaust Air. Figures showing suggeste®DXS with
VERS laboratory schematics include FiguEss E4, E5, andE6. Figures showing a DROAS without VERS laboratory
schematics include Figur&l andEg2.

3.28.1 Test Optiorll. DX-DOAS unit withVERS where the Outdoor Air and Return Air conditions during the test are
the same as the Standard Rating Conditions specified in Tabtetb of this standard. This option will have a VERS
attached and operating. Suggested lab saliestor Option 1 cahe found in Appendik, specifically Figure&3, E4,
andE>.

3.28.2 Test Option 2DX-DOAS unit with VERS with Simulated Ventilation Air, adjusted to account for VERS pre
conditioning performance based on AHRI Standard 1084%) ¢atingsentering the Outdoor iAinlet and Return Air

inlet of the conditioning unit. This option will have a VERS attached and operating per Section C4. Suggested lab
schematics for Option 2 testing can be found in AppeBdspecifically FigureE6.

3.29 WaterSourceHeatPump A heatpump that usedluid circulated in a common piping loop at@atsource/heat sink.
Thetemperaturef the piping loofluid is usuallymechanically controllewithin a moderatéemperatureangeof 61.0 °Fto
89.5 °F.
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Section 4. Classifications

4.1 Classification DX-DOAS Unitswithin thescope of this standastallbe classifiedas shown in Table 1.

Table 1. Classification of DX-Dedicated Outdoor Air System Units
Designation AHRI Typet23 Typical Arrangement
RCAR EVAP
RemoteCondensewith RC-B-R CYCLE REHEAT COND
Cycle Reheat RC-W-R FAN COMP
RC-H-R HEAT
VERS
RC-A-P-R
RemoteCondensewith RC-B-P-R CYCLE REHEAT COMP
VERSandCycle Reheat RC-W-P-R FAN COND
RC-H-P-R HEAT
EVAP
EVAP
SRA-R CYCLE REHEAT
Single Package with SRB-R FAN
Cycle Reheat SPW-R HEAT
SPH-R COMP
COND
VERS
EVAP
SRA-P-R
Single Package with SRB-P-R CYCLEENEHEAT
VERS and Cycle Reheg SRW-P-R
SRH-PR HEAT
COMP
COND

Notes:

1. “-A”indicatesair-cooledcondenser;-B "indicatesair-cooled heap u mp ¢ o n“dIéindicates Ground
SourceClosedloop Heat Pump, GroundSourceHeat Pumpor Water SourceHeat Pump,and “-W”
indicatesvatersource or watecooledcondenser.

2. “A”“B,” “H,” and“-W” arereferencedn Tables4 and5.

3. “-P’indicatesnergyrecovenypre-conditioningand“-R ’indicatesReheatTheseareapplicableo « -A”,

Lc_B’ ”'H, ar “'W.”

Section 5. Test Requirements
5.1 Test Requirementall Standard Ratings shall be verified by tests conducted in accordance with the test methods and
procedures as described in this standard and its appendices. Units shall be tested in accorde&# ABHRAE Standard
198 as amended by this standamd &ppendix C.

6
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5.2 Equipment InstallationUnits shall be installed per MIl. In the event of conflicting instructions regarding g et

the unit under test, priority shall be givento Mllthatappe on t he wunit’s label over MII
unitisasplitsystemmad t he components’ MII conflict, priority shal!l
unless indicated otherwise by the STI.

5.3 Steady State Remements and Measurement IntervaRequirements for achieving equilibrium prior to testing
(including when setting of airflow under Standard Rating Condition A), test duration, and recording of measurements shall be
as described in Sections 8.2 and §. ANSI/ASHRAE Standard 198. Equilibrium, which means achievement of sttaty
conditions metng the tolerances of Sectiorb@f this standard, shall also be maintained during recording of measurements.

5.3.1 At least three consecutive sets of measuremmaaide every five minutes shall be recorded to confirm the
setting of airflow in Section 6.1.5The measurements shall be made during steady operation meeting the applicable
tolerances of Section ®of this standard. When setting airflow under StandarénBaZondition A as described in
Section 6.1.8, the equilibrium and measurement recording ireguents described in the above paragraph shall be met.

5.4 Testing Requirements for BXOAS Equipped with VERS.

5.4.1 VERSStandard Ratingdptions DX-DOAS equippd with VERS, can be tested using either one of the options
described under Section 5.4.1.1 ecfion 5.4.1.2.

5.4.1.1 Option 1.The Outdoor Ventilation Air and Return Air conditions are the same as the Standard
Rating Conditions specified in Tablésand5 of this standard.

5.4.1.2 Option 2.The Simulated Ventilation Airflotemperature and humidity shall be adjusted to account
for VERS conditioning per Appendix C, Section @ption 2 shall not be used for Rel@f-cooled D*
DOAS.

5.4.2 Energy Recowg Wheel Rotational SpeeHor DX-DOAS models with energy recovery wheéfsghe DX-

DOAS manufacturer uses an energy recovery wheel rotational speed different from the speed used to determine the
EATR and effectiveness values, the default EATR and effaatiss values provided 8ection C4 and Table 4£of

Appendix C shall besed to determine performance.

5.4.3 Deactivation of VERSIf the VERS is capable of being deactivated ardERS deactivation is alsspecified

by the manufacturer, the operatiohtbe VERS may be deactivated for Standard Rating Cond@ianD. This is
allowed for testing either using Option 1 (Section 5.4.1.1) or Option 2 (Section 5.4Ih@Rir surrounding the unit
and enteringhe Outdoor Coil for both Option 1 and 2, ke equal to the Outdoor Air conditions specified in Tables
4 and 5 of this standard, except as outlined in Sections C2.1 and C2.1.2 of Appendix C.

InformativeNote: Although other methods of deactivatiomaxist, the followingexamples arthreecomnons methods
for VERSdeactivaion: a)the rotation of an energy recovery wheel can be stof&bntrolled shut off valves can be
added to a heat pipe to prevent energy transfer between Outdoor Aetand Air.c) Bypass dampers can allow most
air tobypass any energy recovery device.

5.4.3.1 Whenusing Option 1, if the deactivation is achieved by switching the position of face/bypass dampers,
airflow shall first be reset for the bypass mode andoairhall be reset as described in Section 6.1.8irfigu

dry bulb air conditions of Standard Rati@gndition D. If airflows had initially been set using the procedures

of Section 6.1.8, match within required tolerance§Table 10

5.4.3.2 Whenusing Option 2, deactivation shall be simulated by sulistifttOutdoor Air conditions for
Simulated Ventilation Air conditions and -@mergizing VERS powered components (e.g. Energy Recovery
Wheel rotation motors) as they would be during deactivatiaelshdperationlf specified by the manufacturer,
the posiion of the face/bypass dampers shall be switched and the airflow shall be reset as sp&eifitonin
6.1.5.5 using drpulb air conditions of Standard Rating Condition D.

5.5 Defrost Controls forAir-Source Heat Pump during Heating Mod2efrost controlss ha 1l 1 be 1 eft at
factory settings if the published installation instructions provided with the equipment do not specify otherwise. Any defrost
control settings specified by the maacturer in installation instructions and that can be aeki¢hrough methods outlined in

the MIl may be used to achieve steady state. To facilitate testing, the manufacturer shall provide information andamy necess

7
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hardware to manually initiate a destocycle. If the defrost settings require defrost durirg lleating mode tests, the
manufacturer shall submit a petition for a waiver from test procedure to obtain an alternative method of test, pursuant to 10
CFR 8431.401.The Standard Rating Fandition test is optional. the Standard Rating Fordition testis not conducted, a

default value of D shall be assigned for CQ&xs s in orderto complete the ISCOP2 calculation.

56 Breakinn Manufacturers may opitnonpé¢tyodpeoci bpenatbreh& egq
conducting the test. Hn initial breakin period is required to achieve performance, the bieabnditions and duration shall

be specified by the mafacturer, but shall not exceed 20 hours in length. No testing per Section 6 shall commence until the
manufacturespecifiedlbeaki n peri od is completed. Each commlPfepeod odf t

5.7 Condenser Head Pressure Controlf modulation or cycling of aicooled condenser fan(s) or watsoled flow
control valve(s) occurs that prevents the-DRAS unit from maintaining the test tolerances shown in Table 9, the STI
document provided by the manufacturer shall be referencgetéomine the settings required to stabilize the operation. The
STI shall result in condensing (liquid outlet) pressure spoading to a bubble point temperature between 75 °F and 130 °F.
Should no STI documentation be provided, the operation withtervention should first be observed. For the test, the fan(s)
or valve(s) causing the instability shall be set manually spesed, operating state (on/off) or position to achieve stable
condensing (liquid outlet) pressure corresponding to a bubbletpaiperature as close to 85 °F as possible while remaining
no lower than 85 °F. If there is a discharge pressure port Higumb pressure port, the STI settings or manual intervention
shall achieve a stable discharge pressure corresponding to a painibleemperature at least 3 °F higher than the minimum
values indicated above.

5.8 Refrigerant Charging All test samples shalie charged at Standard Rating Condition A (or condition at which the
manufacturer indicates in the MIl) in accordance with the Mthe MIl contain two sets of refrigerant charging criteria, one
for field installation and one for lab testing, use teé&finstallation criterialnless theéMill specify a tighter chargirtgplerance,
thetest conditiortolerance specified iable 2 shall be usddr the criterion specified by the Mill

5.8.1 If the MII give a specified range for superheat,-sabling, or refrigeant pressure, the average of the range
shall be used to determine the refrigerant charge. Perform charging -@izeetmpic and zeotropic refrigerants only
with refrigerant in the liquid state.

5.8.2 If there are no MIl and/or the MIl do not provide parametnd specified values, set superheat to a value of
12 °F for fixed orifice systems or set scboling to a value of 10/ for expansion valve systemaith test condition
tolerance as specified in Table 2

5.8.3 Inthe event of conflicting information betweemarging instructions, use the instruction priority order indicated
in Section 5.2. Conflicting information is defined emiltiple conditions given for charge adjustment where all
conditions specified cannot be met. If such instances of conflictingniatan occur within the highest ranking set of
instructions for which refrigerant charging instructions are providedavidihe hierarchy in Table 2 for priority.

Table 2. Charging Hierarchy and Charging Test Condition Tolerance
Fixed Orifice Expansio Valve
Priority Method Tolerance | Priority Method Tolerance

1 Superheat +2.0°F 1 Sub-cooling +2.0°F
2 High Side Pressure or| + 4.0 psi or 2 High Side Pressure or + 4.0 psi or

Saturation Temperaturq + 1.0 °F Saturation Temperaturf + 1.0 °F
3 Low Side Pressure or | + 4.0 psi or 3 Low Side Pressure or| * 2.0psi or

Saturation Temperaturq + 1.0 °F Saturation Temperaturf + 0.8 °F
4 Low Side Temperature| + 2.0 °F 4 Approach Temperaturg  + 1.0 °F
5 High Side Temperaturg + 2.0 °F 5 Charge Weight +2.00z
6 Charge Weight +200z

5.8.4 Single Package Unit.Install one or more refrigerant ligressure gaugeduring the setup of the unigs
described in Section 5.8.4.1 or 5.8.4.2, located depending on the parameters used to verify or sehlekarieMl|
instructions say not to verify refrigerant charge

5.8.4.1 Install a pressure gauge at tbeation of the service valve on the liquid line if charging is on the
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basis of sukzooling, high side pressure, corresponding saturation, or dew point teéunpera

5.8.4.2 Install a pressure gauge at the location of the service valve on the suction line iigligam the
basis of superheat, high side pressure, corresponding saturation, or dew point temperature

5.8.5 The refrigerant charge obtained as described in $eét® shall then be used to conduct all tests used to
determine performance. All testlall run until completion without further modification. If measurements indicate that
refrigerant charge has leaked during the test, repair the refrigerant leak amgpeacessary sap steps, and repeat all
tests.

5.9 TestUnit Location.Install the unitunder test in accordance with Sections 6.1, 6.6 and 7.2 of ANSI/ASHRAE Standard
198 (with modifications outlined in Appendix C of this standard).

5.10 Atmospheric PressureTests shall be conducted at an atmospheric pressure of at least 13.7 pounds pénctguare
absolute (psia).

5.11 Supplementary HeatAll Supplementary Heat sources, including electric resistance heat, shall be turned off or
disconnected from power during ttest.

5.12 Instrumentation and Apparatublse instruments and apparatus that meeapipiicable requirements specifications in
the following standard&ee Sections 5.12.1 through 5.12.10)

5.12.1 Airflow Measurement Sections 5.3, 6.2, 6.3, and 7.7 (not inclgdections 7.7.1.2, 7.7.3, and 7.7.4) of
ANSI/ASHRAE Standard 37.

5.12.2 Refrigerant and.iquid Pressure Measuremengection 5.2 of ANSI/ASHRAE Standard 37.

5.12.3 Duct Static Pressure and Pressure Differen8ections 5.1.3, 5.3.2, 6.4, and 6.5 of ANSI/ASHRAE &iath
37.

5.12.4 Temperature MeasuremenfBemperatureneasurements other thénose used to determine air conditions (dry
bulbtemperature and water vapor conteshpgll followSection 4.4 of ANSI/ASHRAE Standard 198. For air condition
measurements, see SeatiC3 of Appendix C.

5.12.5 Electrical MeasurementsSection 4.5 of ANSI/ASHRE Standard 198.

5.12.5.1 Modulating compressors require an integrated measurement or an indicated reading of no more than
one second.

5.12.6 Liquid Flow MeasurementSection 4.6 of ANSI/ASHRAE Stalard 198.

5.12.7 Time and Mass MeasurementSection 4.7 of ANSI/ASHRAE Staart 198.

5.12.8 Test Room and Room Conditioning System Requirem8atgion 7.1 of ANSI/ASHRAE Standard 198.
5.12.9 Volatile Refrigerant Flow MeasuremenSection 5.5 of ANSI/ASHRAE Standard.3

5.12.10 Atmospheric pressure measurem&e Section 5.2 of ANSI/ASHRAE Standard 37, except the atmospheric
pressure measuring instruments shall be accurate to within £0.6%8 reading.

5.13 Electrical Conditions Standard Rating tests shall be performed atridimeplate rated voltage and frequeonless
otherwise specified in this standard.

5.13.1 For equipment that is rated with 2280V dual nameplate voltages, Standard Rating tests shall be performed
at 230V. For all other dual nameplate voltage equipmentredvay this standard, the Standard Rating tests shall be
performed at both voltages or at the lower of the two voltages ifeosilygle Standard Rating is to be published.
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Section 6. Rating Requirements

Standard RatingsStandard Ratings shall be at the Stan&ating Conditions specified in Tabldand5 and in this

6.1

Section.
6.1.1
6.1.2
6.1.3

10

All Standard Ratings shall be determined by testeaordance with Section 5.
Ratings shall include the following performance metrics.

6.1.2.1 COPyoas(heat pump only)CORyoas shall be expresed in terms of W/W and stated to the nearest
0.01 W/W.

6.1.2.2  Electrical Power InputElectrical power input shall be expressed in terms of W and stated to the
nearest 100 W.

6.1.2.3 ISCOP2 (heat pump only)SCOP2 shall bexpressed in terms of W/W and stated tortbarest
0.01 W/W.

6.1.2.4 ISMRE2ISMRE2 shall beexpressed in terms of - h  ateddo the nearest 0.1KW- h .

6.1.2.5 MRC.MRC shall be expressed in terms of Ib/h and stated to the nearest multiple, as shale B

Table 3. Multiples for Rated MRC
Rated MRC For Unitdb/h Multiples, Ib/h
0 < MRC < ] 0.2
30 < MRC < 0.5
60<MRC < 180 1
180 < MRC 2

6.1.2.6 MRE.MRE shall be expressedinterms ok h and st ated kWoh.t he neare

6.1.2.7 Total Heating Capacity (heat pump onlyhtal heating capacity shall be expressed in terms of Btu/h
and stated to the nearest Ht0/h.

6.1.2.8  Supply Air Temperature and Dew Poi8tipplyAir dry bulb, wet bulb and dew point (dew point is
only required in the dehumidification mode of operation) shall be expressed in terms of °F and stated to the
nearest 0.1 °F.

Supply Air Dew Point Temamature. After establishing Standard Airflow p&ection6.1.5 Supply Air dew

point temperaturin °Fshall be 539+ 2.31 x (14.7 Pyay) or below for all Standard Rating Conditions A through D rehe
barometric pressur. is measured in psig&upplyAir dew point temperature for tests conducted for Standard Rating
Conditions B, C, and D shall be within £0.3 °F of the average Supply Air dew point temperature meaSteadifod

Rating Condition A. If the Supply Air dew point temperature cannot beralled within +0.3 °F for a given unloading

point (e.g. because the unit has Staged Capacity Control), but tests can be conducted for which the Supply Air dew point
temperatres are above and below the target, steady state tests shall be conducteatdheioevahe target. If the lowest
capacity stage results in a dew point temperature lower than the target, either (a) conduct two tests, the first using the
lowestcapacitystage, and the second with compressors turned off, or (b) conduct one testifothetgower input and

electric energy use of the compressor and the condenser fans are separately measured. (Refer oSttt cteidard

for MRE calculations) Therare no Supply Air dew point temperature requirements for heating mode tests.

6.1.3.1 Initial Standard Rating Condition A Dehumidification TeBbr Standard Rating Condition A,
operate the unit within a test condition tolerance of 0.3 °F of the dew poimtdhkt result in matching the
certified Moisture Removal Capacity (reported perti®ac6.1.2.5) to the certified supply airflow at the
measured barometric pressure. If there is no rated airflow, use the full capacity settings and follow the provisions
in Section 6.1.5.3or setting airflow.
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Table 4. Conditions for Standard Rating and Maximum Operating Tests for
Classifications A, B, and W DX-DOAS Units?

Condenser Water
. Condenser Water
) Entering : . .
_ N Outdoor Air (OA) Temperature, °F | Temperature Entering Ambient Air
Rating Condition . ’ Temperature, Temperaturg
Cooling Tower i
Chilled Water, oF
Water, op23
Dry bulb Wet bulb oFF

Standard Rating A 95.0 78.0 86.0 45.0 95.0

Condition$
pd .
O | Standard Rating B
E Conditions 80.0 73.0 81.0 45.0 80.0
@) .
i | Standard Rafing C 70.0 66.0 74.0 45.0 70.0
5 | Condition$
s .

Standard Rating O
-]
E Conditions 63.0 59.0 67.0 45.0 63.0
O [ Maximum

Operating 115.0 75.0 90.0 N/A 115.0

Conditions

Part Load

Standard Rating B 47.0 43.0 N/A N/A 47.0
® Condition§’
Z .
< | Standard Rating H
E Conditioné™® 17.0 15.0 N/A N/A 17.0
T | Maximum

Operating 70.0 N/A N/A N/A 70.0

Conditions
Notes:

1. Supplementary Heat is not tested under this standard.

2. See Section 6.8.5 for test liquid requirements.

3. Informative note:While many corfigurations of achilled watercooledcondensemay exist,typically this system would appl
when a watercooled DXDOAS unit is connected to a chilled water loop to provide lower dew point air than would be p
with that chilled water and a water coil, the “Condei
be usedo provide the heat rejection capability for a IDOAS unit

4. Conditions surrounding the unit and entering the condenser (outdoor) coil are the same as the Outdoor Air entering
except as described in Section C2.1.2 of Appendix C.

5.Return Airfor St andard Rating Conditiohbubt Amp Br a Cu r a dolitempdraute
except as described in Section C4 of Appendix C.

6.Return Air for Standard Rat i n gulblampedaturte d@ept as ddscriked id Se€tionsCY
Appendix C.

7. For Standard Rating Conditions E and F, Return Airlw conditions of 58.5 °F is required for Relief Alooled DXDOAS.
Otherwise, control of Return Air water vapor content is not required for StaRdéing Conditions E and F.

8. Standard Rating F Condition test is optional. If Standard Rating F Condition test is not conducted, a default valué fu
assigned for CORask

11
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Table 5. Conditions for Standard Rating and Maximum Operating Tests for
Classification H DX-DOAS Units?

[e)) abhwWNPRE

o ~

Outdoor Airflow (OA) Temperatufe Inlet Fluid Temperature,
OF OF
Rating Condition
J WaterSource Heat szn?;eggtrge%gfite
Dry bulb Wetbulb Pump$ Closed Loop
(Optionaly*
Standard Rting
A Condition$ 95.0 78.0 86.0 77.0
Z
@) Standard Rating
- B Condition$ 80.0 73.0 81.0 77.0
S
= Standard Rating
= C Condition$ 70.0 66.0 4.0 68.0
% Standard Rating
E D Conditions 63.0 59.0 67.0 68.0
0o Maximum
Operating 115.0 75.0 104.0 104.0
Conditions
Part Load
Standard Rating 47.0 43.0 68.0 41.0
0 E Condition8’
pd
= Standard Rating
E F Condition&":8 17.0 15.0 68.0 32.0
T
Maximum
Operating 70.0 N/A 86.0 77.0
Conditions
Notes:

. Supplementary Heat is ntsted under this standard.

. Conditions surrouting the unit are the same as the Outdoor Air entering conditions.

. See Section 6.8.5 for test liquid requirements.

. Manufacturer may recommend antifreeze type and concentration at the ogtiotidbns.

. Return Air for Standard Rating Conditions AB, a nd D s ha Ibulbtbeemp7e5r. a0t v rFe ballayd 6 2
temperature dripulb temperature, except as described in Section @$pendix C.

. Return Air for Standard Ratinon di t i ons E a n d bulbtemperatliré, exbept as/débedin Sedition €4
of appendix C.

. Control of return air water vapor content is not required for Standard Rating Conditions E and F.

. Standard Rating F Condition test is optional.tir#8lard Rating F Condition test is not conducted, a default value off 1 g
be assigned for CQBask

6.1.4  Supply Air Dry Bulb Temperature.

6.1.4.1 ISMREZ2¢/MREy,. Attempt to set th&upply Air dry bulb temperature within a temperature range

of 70 °F to 75 °For all Standard Rating Conditions used to calculate MREISMREZ,. If Cycle Reheat
cannot be adjustad sufficiently small increment® obtain Supply Air drpulbtemperaturéadjustedor duct

losses)n the range from 70 °F to 75 °F fbehumidification tester does not attain 70 °F at its maximum reheat

setting adjust itto provide the maximum achievable temperature lower than this target ifa@gele Reheat
12
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overshoots 75 °F at its minimum reheat setting, test using the minimung.sétte supplementaheating
penalty and the supplementaloling penalty apply to thisating as described iBections 6.3 and 6.4

6.1.4.2 ISMRE2/MRE Supply Air dry bulb temperatureshall be set using the STI, and shouldbbéow
75°F (adjusted for dudbsses)If an approach for setting tisaipply Air dry bulb temperaturésnot indicated

in the STI and Supply Air Temperatures are not otherwise repottedtemperature shall be set following
Section6.1.4.1If Cycle Reheat overshoots 75 °F at itsimitim reheat setting, test using the minimum setting.
The supplemental cooling penalty applie this rating, as describedSactions 6.4.

6.1.4.3 Heating Mode Test&or heat pump unitis heating modgattempt to set the Supply Air dry bulb
temperaturavithin a temperature range of 70 °F to 75 9Fthe Supply Air drybulb temperature (adjusted for

duct losses) cannot be controlled withiiis target range for a given Standard Rating condition (e.g. because

the unit has Staged Capacity Control), two steady state tests shall be conducted above and below the target
range (i.e., Supply Airdrpulbtenp e r at ure is above 7750 °FF fHhoFowake tet
DX-DOAS without VERS, the lower of these capacity stages must include sorzemmlevel of compressor
operation—for a DX-DOAS with VERS, the lower of these stages may includeadiper of the VERS without
compressor operatioiif the lowest compressor capacity stagfea DX-DOAS unit without VERSdelivers

Supply Air drybulb temperature greater than 75 °F, test the unit at this lowest compressor capacitfysstage.
DX-DOAS unit wih VERS delivers a Supply Air diyulb temperéure greater than 75 °F without operating

the compressor, test the unit without operating the compressor

6.1.4.4 Duct LossesThe Supply Air dry bulb temperature shall be adjusted for duct losses for ductwork
betweenli e unit’>s suppl y dondition measurerentiocation usmgEduatiohsel and 2 r ¢
prior to comparison with the targdtise the adjusted value whereviaia is called for in ANSI/ASHRAE

Standard 198 and in this test standard.

Note:If the Supply Air duct passes through a chamber dividing wall, separately calculate and add dugs loss g
for the duct exposed to different chamber temperatures

YUY L

6.1.5 Supply and Return Airflow RateStandard ratings shall be determined after settm&upply Airflow (and
Return Airflow rate for units with VERS or Religfir-Cooling) as specified in this section.

6.1.5.1 Representation of Airflow.

6.1.5.1.1 Airflow specifications and measured airflow to be comp#oespecifications shall be
expressed in SCFM, calated as shown in Equation 3.

1 3

6.1.5.1.2 Rated Supply Airflow rate shall be rounded as indicated in Table 6.

Table 6. Multiples for Rated Airflow

RatedAirflow for Units,scfm | Multiples,scfm
<250 10
> 250 and< 500 25
>500and< 1000 50
> 1000 100

13
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6.1.5.2 If there isno Supply Airflow specification, refer to Section 6.1.5.3 for unspecified Supply Airflow.
Otherwise, set up Airflow as indicated below. If the STI includes equipment settings for Airflow, start with
those settings. Otherwise, make no unit adjustsn&ontrol the test chamber(s) at Point C dry bulb conditions

per Table 4 and Table SVhen building a plenum to duct outdoor air to an air intake hood, consider the
requirements of Section C2.5.1 when setting airflodive.e uni t > s ¢ o mffhuteptionad VERS s ha | 1
shall be active. Adjust the unit and the airflow measurement apparatus fans to obtain the Table 7 ESP levels
corresponding to the specified Supply Airflow, a measured Supply Airflow within38&6 test condition

tolerance of its spec#d vdue, and a measured Return Airflow (for units with VERS or RéliefCooling)

within £ 3% test condition tolerance of the measured Supply Airflow. If successful, preliminary airflows are
established-refer to Section 6.1.5.4. If not, make adjustmastsescribed in Sections 6.1.5.51

6.1.5.2.1 For beltdrive fans without variable motor speed control (e.g. a varfabtpiency
drive) or beltdrive fans with variable motor speed control already at maximum or minimum
settings, change sheaves ustognpatibleoff-the-shelf sheaves and-gtart the above adjustment
procedure.

6.1.5.2.2  For directdrive fans with stef@adjustable motor speed control at an intermediate speed
setting (not the maximum or minimum speed), change to the next higher or lower spegdsett
appuopriate and restart the above sefp procedure. If, for two adjacent speed steps for such a fan,
the lower speed is too low and the higher speed is too high, use the higher speed. Set the airflow
measurement apparatus fans to obtain a meaSungaly Airflow within a ++ 3% test condition
tolerance of its specified value, and a measured Return Airflow (for units with VERS orRelief
Cooling) within +£ 3% test condition tolerance of the measured Supply Airflow.

6.1523 I f a fan’s maoxlowta siisfystipecAiflow and ESP requirements
within tolerance (i.e. the motor speed is at the highest setting, a larger compatiibie sbi!f

sheave is not available, or increased speed would overload the motor or motor drive) and the motor
is nota nonstardard lowstatic motor, use the maximum speed and adjust the airflow measurement
apparatus fan to achieam ESPsatisfyingTable 7.

6.1.5.2.4 If the motor is a norstandard lowstatic motor, use the maximum available speed that
does not overload the motor or mpdrive and adjust the airflow measurement apparatus fan to
achieve the specified Supply Airflow withinh3% test condition tolerancdar Supply Air fans) or
to set the Return Airflow withig: 3% test condition tolerance of the measured Supply Airflow.

61525 If a fan’s minimum speed is too high to
within tolerance (i.e. the motor speed is at the lowetitng, or a smaller compatible tfe-shelf

sheave is not available), use the minimum speed setting and adjustfithe measurement
apparatus fan to achieve the specified Supply Airflow withig?s test condition tolerance (for

Supply Air fans) ora set the Return Airflow withig: 3% test condition tolerance of the measured

Supply Airflow.

6.1.5.3 Unspecified Supply Airfle. If Supply Airflow is not specified then it must be determined by testing

at Condition A and adjusting Supply Airflow such that th@@wy Air dew point temperature is 55.0 + 2.31 x
(14.7— Pya) within a test condition tolerance @f . 6 / + 0 . 0 Aiffldw. as desrébed inuSpction 6.1.5.2,
except that achieving a Supply Airflow within3% of the specified Supply Airflow shall be replaced with
achieving the above Supply Air dew point requirement. Return Airflow shall stilebwithin + 3% of
measured Supply Airflow. After setting airflow, do not make any further adjustments of tte fauppeturn

fan or airflow measurement apparatus fan (except as indicated for optional VERS bypass for Standard Rating
Condition D describein Section 6.1.5.5), and proceed with performance testing without rechecking the Supply
dew point temperature dgscribed irSection6.1.5.4.

6.1.5.4 Confirmation of Sufficient Dehumidification for Preliminary Airflon®perate the unit at Standard
Rating Comlition A. If Supply Air dew point temperature is less than or equal to 55.0 + 2.31 x{(P4.y

then Airflow settings are confirmed. Do not make any further adjustments of the supply fan, return fan or
airflow measurement apparatus fan (except ascateld for optional VERS bypass for Standard Rating
Condition D described in Section 6. Bp.andproceed with performance testing. If the Supply Air dew point

14
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6.1.6

temperature is high, reset Airflow(s) as described in Section 6.1.5.3.

6.1.5.5 Airflow for VERS Bypas# VERS bypass is specified in the STI for Standard Rating Condition D,
reset Airflows prior to onducting performance testing for this condition. Open the VERS bypass and
deactivate the VERS. If there was no Supply Airflow specification, use the SApfiyw measured for
Standard Rating Condition A as the specified Supply Airfloollow the steps in Section 6.1.5.2 to set
Airflows. When complete, proceed with performance testing for Standard Rating Condition D.

6.1.5.6 External Static Pressur&Vhen seihg airflow in accordance with Section 6.1.5.2 or 6.1.88,
minimum external stat pressureshall beas specified in Table @r the certified external static pressure,
whichever is greateAll pressures shall be expressed ichies ofH,0.

Table 7. External Static Pressures
Supply Airflow Rate Minimum Supply Airflow External| Minimum Ret_urn Airflow Externg
' StaticPressure, Static Pressure,

scim in H,0 in H0
<900 0.64 0.75
>900and< 1,400 0.86 0.85
> 1,400and< 2,300 0.97 0.93
> 2,300and< 3,500 1.07 1.01
> 3,500and< 4,500 1.15 1.07
> 4,500and< 7,000 1.24 1.13
> 7,000and< 9,300 1.32 1.19
> 9,300 1.35 1.22

Liquid Flow Rates foWaterCooled, WateiSource Heat Pump, and GrouSburce HeaPump.

6.1.6.1 For DX-DOAS Units with or without integral liquid pumps, ratingjsall be determined at a liquid

flow rate specified by the manufacturer. The liquid flow rate specified by the manafdctiuBtandard Rating
Conditions and Max Operating Conditions shall result in a liquid temperature rise greater than or equal to 8 °F
at Standard Rating Condition A. Manufacturers may specify a liquid flow rate for Manufacturer Application
Conditions thatesults in a liquid temperature change greater than or equal to 4 °F.

6.1.6.2 A single liquid flow rate shall be used for all of the testpined in this part of the standard unless
automatic adjustment of the liquid flow rate is provided by the equipmemripa@rate control signal output for

each step of liquid flow rate will be considered as an automatic adjustment. In no case shaittfiedigate

for any of the other Standard Rating condition tests (i.e., B, C, and D) exceed the value as determined as
described in Section 64.1.

6.1.6.3 Values of Water Flow and Water Pressure Drop Ratikgater flow rate and water pressure drop
values shihbe determined at ea@tandard Rating Conditi@pecified inTables4 and5. Water flow rate shall
be expressed in tas of gpm and stated to the nearest 0.1 gpm. Water pressure drop throughftirethmit
ratedstandardlow rate(s) shall be expresse multiples of 0.5 psi.

6.1.6.4 Valuesof WaterPump EffectIn calculatingMRE and COP, an additidor the waterpump effet,
Pe,X, applicable for Standard Rating Conditio(sge Section 8.0r 6.11), shallbe added tthemeasuregower
input, which isrepresented asrn ANSI/ASHARE 198(including total powerinput to the compressor(s),
fan(s),controlsandotheritems induded as pamf the modelnumber) and determinagingEquation 4. Table
8 shallapply to all wateicooled and watesourceunits.

Pex =WF[(PR:-A P4C] 4
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Table 8. Basic Pumping Penalty (PPB) vs. Liquid Flow Rate (WF)
Liquid Flow Rate(WF), BasicPumpingPenalty(PRs),
gpm W/ (gpm: psi)

1.0-4.0 5.00
41-7.9 3.88
8.0-11.9 2.69
12.0-15.9 2.32
16.0-19.9 2.14
20.0andabove 2.02

6.1.6.5 Test Liquid.The test liquid for DXDOAS Units shall be water, except for growsalrce closed
loop DX-DOAS, which shall use a manufactusgrecified fluid (see note 7 of Table 5), and it shalpbeyed
of all gas as required in ISO Standard 132b&estion 4.1.9.3.

6.2 ApplicationRatings Ratingsat conditionsotherthan those specified in Tablégnd5 maybe publishedas Application
Ratingsandshallbe based on datketerminedy the methods prescribed in Section 6.1. Application Ratings shalhohide
integrated performance ratings (e.g. ISMRE2 and ISCOP2).

6.3 Supplementary Hed&enalty Calculate the Supplementary Heat penalty for the determination ofdMR&E CORcop x

(where x represents the Standard Rating Condition) when the Supply Aurldtgmperature, adjusted as described in Section
6.14, is less than 70 °F.

6.3.1 When two dehumidification mode tests are conducted for a stagetity DXDOAS for a single Standér
Rating Condition, calculate and apply the heating penalty for each wstgpcialculating the weighted average MRE
values per Section 6.1.

6.3.2 Calculate the Supplementary Heat penaity "HH "I "E"Hi éxpreéssied in Wasdescribed in Section C6 of
this standard.

6.4 Supplementary Cooling PenaltfFor dehumidificatio mode, calculate theupplementarycooling penalty for the
deternination of MRE and MREox (where x represents the Standard Rating Condition) when the Supply Aluliry
temperature, adjusted as described in Section 6.1.4, is greater than 75 °F.
6.4.1 When tvo dehumidification mode tests are conducted for a stagpdcity DXDOAS for a single Staratd
Rating Condition, calculate and apply tapplementaryooling penalty for each test prior to calculating the weighted
average MRE and MR values.

6.4.2  Calculat thesupplementarygooling penalty, W CoolPenalty, expressed in W, as describedSiection C6 of
this standard.

6.5 Determination of EATR.

6.5.1 For DX-DOAS units equipped with a VERS, where the VERS is not an Energy Recovery WheebdzATR
equals zero.

6.5.2 For DX-DOAS units equipped with an Energy Recovery Wheel, adjust the B&AER DX-DOAS Supply
Airflow rate conditions as described in Section C4 of this standard.

Note: If AHRI Standard 1060-P) information is not available, set EAR& s equal to 0.065.
6.6 Tolerances.

6.6.1 Verification Testing.Single sample production verification tests shall meet the requirements indicated in
Appendix G.
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6.7

6.6.2 Test Measurement ToleranceEolerances specified in this standard supersede tolerances specified in
ANSI/ASHRAE Standard 98. Unless superseded by tkiandard, all other tolerances specified in Table 2a and 2b of
ANSI/ASHRAE Standard 37 apply. Test Operating Tolerances and Condition Tolerances are specified in Table 9.

Table 9. Test Operating and Test Condition Tolerances
M TestOperating Test Condition
easurement
Tolerance Tolerance
OutdoorCaoil air drybulb temperature, °F:
Entering 2.0° 0.5
Leaving 2.0/3.0%8 -
Outdoor Coil air webulbtemperature, °F:
Entering 1.0%8 0.38
Leaving 1.0%8 -
Outdoor Venitation Air, ReturnAir, and entering desiccant 2.0 0.5
wheelRegeneratioiir dry bulbtemperature, °F
Outdoor Ventilation AirReturnAir, and entering desiccant 1.0 0.3
wheelRegeneratio\ir wet bulb temperature, °F
Supply Airdry bulb temperture, °F 2.0/3.0 See target ranges ir
Section 6.1.2
Supply Air wetbulb temperature, °F 1.0 See dew point targelf
ranges in Section
6.1.1
Water or water mixture serving refrigerant/water coil
temperature, °F
Entering 0.5 0.2
Leaving 0.5
Saturatd refrigerant temperature corresponding to the 3.0 0.5
measured indoor side pressuré
Refrigerant liquid temperatute’F 0.5 0.2
Supply andreturnAir external static pressure, in® 0.05 -0.0/+0.0587
Airflow Nozzle Differential Pressure of reading 5.0 N/A
Electrical voltage% of reading 2.0 1.0
Liquid flow rate,% of reading 2.0 -
Notes:
1. The test operating tolerance is 2.0 °F for dehumidification tests and 3.0 °F for heating tests.
2. Applicable forheating tests of aitooled units ath only applicable for dehumidification tests when testing evaporative
cooled equipment or equipment that used Conditioning Coil condensate to enhance Outdoor Coil cooling.
3. Applies only when using the Outdoor Air lealpy method.
4. Applies only whensing the outdoor liquid coil method.
5. Tolerance applies only for the compressor calibration and refrigerant enthalpy methods; the saturation temperatu
case, shall be evaluated based on the pressure trankhated between theonditioningcoil and the compressor for the
given operating mode, heating or cooling.
6. Test condition tolerance for external static pressure applies only during the setting of airflows.
7. Deviation from the required test condition tolerance for external statizpasagay be allowed as described in the airflg
setting procedures of Section 6.1.5.
8. ExcludesRdief-Air-Cooled DXDOAS.

Secondary VerificatiorSecondary verification pasurements of dehumidification and heat pump heating capacity are

described in &ction C5 of this standard. The secondary measurements shall be recorded during the same time as the primary
capacity test measurements. The dehumidification and heat purtipgheapacity measurements from the primary and
secondary tests shall match withi 6%.

6.8

Moisture Removal Capacity

6.8.1 For DX-DOAS Unitsequipped with VERS being tested under Option 1, ofrlXAS Units not equipped with
VERS, calculate the measurBtiRC as shown in Equation 5:

0'YS @mmsty W & ) 006 "YY 2 ) 5
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6.9

6.8.2 For DX-DOAS equipped with VERS tested under Option 2 (except for Standard Rating Condition D-for DX
DOAS Unitsequipped with VERS that are deactivated for this test condition), calculd#RBeas shown in Equations
6and 7:

0YD oWty D @ w 6

0'Y6 0YD @mmbry w ) ) 006 "YY 2w ) 7

6.8.3 For DX-DOAS tested under Option 2 equipped with VERS that are deactivatedfataBll Rating Condition
D, calculate the Moisture Removal Capacity (@Ror this test condition as shown in Equation 8:

0'YS ¢ 1O@ X D © ) 8

Moisture Removal Efficiendgatings. For testingDX-DOAS units and heat pymDX-DOAS Units (1) at Standard

Rating Condition A, and (2) when tmeasured Supply Air depoint temperature meets the target Supply Air geimnt
temperature within the specified test condition tolerance for a single test for Standard Rating Cd@ditjamrd,per Section
6.1.3,calculate MRE and MREqy for the Standard Rating Condition(wherewis A, B, C or D)using Equations 9 and 10.
If points B, C, and D cannot be maintained within specified test condition tolerances, then follow the procedieg m 6.
clarify, W HeatPenaltyandW CoolPenalty cannot simultaneously be nasero for a test.

0

0 YO 10
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6.9.1 WeightedaveragemethodWhen the compressor capacity stages cannot be adjusted such that measured Supply
Air dew-point temperature meets the target Supply Air @@t temperature within the specified test condition
tolerance for a single test for Standard Rafugdiions A, B, C, or D, but compressor capacity can be adjusted such
that measured Supply Air depoint temperature measurements for two tests at a given Standard Rating Condition X,
where x could be A, B, C or D, bracket the target Supply Airpeinttempeature, use the following Weighted Average
Method. (e.g. for testing units with staged compressors).

6.9.1.1 For the compressor capacity control stages that nearest bracket the target Point A Supply Air dew
point, calculate averaging weighibs; o, for the two tests 1 and 2 conducted for Standard Rating Condition
w(wcould be A, B, C, or Diising Equations 11 and 12. The calculation shall be made so that the calculated
average Supply Air humidity ratio equals the Supply Air humidity ratio meastigindard Rating Condition

A, and that the sum of the weight is equal to 1.

¢
¢

wF — 11

¢
¢

O p Of 12

6.9.1.2 Calculate the weighted average MRC for the given Standard RatingtiGoras shown irEquation
13:

0YO W 0YG p 0YG 13

For calculating MRE, calculate the weighted average power input for the given Standard Rating Condition as
shown in Equation 14:

O ¢ ©f Opp O GO6EEBDOGO @, Opp O @OEEQDQE OB O
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For calculating MRE, calculate the weighted average power input for the given Standard Rating Condition as
shownin Equation 15:

O f 5 O Ofp Opp ®0OEEADQE GOODOO 0 QF &AG O

Orr Upp WOEEADQE NODOODQE GAO W 15
Calaulate the MRE or MRz using Equations 16 and 17:

o e h
LY —— 16

3¢

DY ; —— 17

h

=y

6.9.2 Degradation Coefficient MethodVhen the Supply Air deypoint temperature measad when operating the
unit at its lowestapacity compressor stage is lower than the target Supply Atpdawtemperature in excess of the
specified test condition tolerance, perform additional testsdardance with 8.2.1 and .2.2. Adjust the NRE and
MREzo by using a degradation coefficient, as show in Equationterb8gh27.

0 YO 19

h

For DX-DOAS with VERS, with deactivated VERS (see Section 5.4.3), or with semsibleVERS tested under
Standard Rating Conditions other than D:

o} p v p 00 20

For DX-DOAS with totalenergy recovery VERS (incorporating both sensible and latent recovery) or with sengible
VERS tested under Standard Rating Condition D:

o} p pg8 mp 00 21
MRCrgcand LK are calculated as follows:

For DX-DOAS without VERSor with deactivated VERS

OD'Y6 @mOBIxD [ ® [ O 22

0 "O h h 23
A A

For DX-DOAS with VERS tested using Option 1:

0'Yo TSI W Q5 W 00 "YY Jw § W 24

- i o) i i i

0 O h h h h o5
h 9 h h h

For sesibleonly VERS, - is set equal to EATHbas for the LK calculation.

For DX-DOAS with VERS tested using Option 2:
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6.10 Heating CapacityCalculate the DXDOAS heating capacityj( ) in accordance with.10.2 for units equipped with
VERS and tested under Option 2. Otherwise calculate the heating cafagity)(in accordance witb.10.1. In both casesy
represents the rating purpogaepresents the Outdoorr&tandardRating Condition, and Eac is the supply air temperature

0'Yo EUMIXW 5 ® 7 @ f OdYY doo {5 ® f 26

Where Wha x is calculated using the measured barometric pressure and the Ougdbtatign Air dry bulb and
wetbulb temperatures specified in Table 4 and Table 5.

0O h h 27

h h

For all three cass, Wsa Low IS the measureBupply Air humidity ratio for Standard Rating Condition x when operating

at the lowest capacity stage.

6.9.2.1 Conduct two tests, the first using the loweapacity stage, and the second with compressorsdurn

off, or

6.9.2.2 Conduct one test for which the power input and electric energy use of the compressor and the

condenser fans are separately measured.

used for the calculation as indicated in TableTable 10 explains whictating purposethe subscript y applies to.

Table 10. Heating Capacity Tests

Subscript of y in ghyxand CORx RatingPurpose

Full Capacity HeatingApplication Ratings for

Ful manufacturesspecified outdoor conditions)
DOAS Reported Heating Capacity and COP (Condition E
mandatory and Condition F optional)
ISCOP Values used for ISCORCalculation (Conditiort

mandatory and Condition F optional)

When calculating heating capacity values for determination of ISCOP2 or reporting DX DOAS performance, and the Supply
Air dry bulb temperatures measured for two heating capacity shages ¢ k e t t h e 7e(capadity condition 3),

where the Supply Air dry bulb temperature for test 1 is lower than for test 2, first separately cajgulatang gp,2yx for
tests 1 and 2, respectively as indicateSaation 610.1 or 610.2. Next, calculate test aragying weights as indicated 8ection
6.11.3.1. Finally, calculate average heating capacity as indicatezttion 6.1.3.3.

20

6.10.1 No VERS or VERS tested undgtion 1.Calculate the heating capacity (j i ) as shownn Equations and
29.

OB Db A Y'Y  08YY Y Y 28
& T M T 10 29

6.10.2 With VERS tested und@ption 2 Calculate the measured heating capacity and heating taf@ci; ;) as
shown in Equation80, 31, and 2.

R oemmrxuvd @ Y Y 30

Rer N OUNMIXW @ p 0d"YY Y Y 31

°F
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) ] T ™ T 32

6.10.3 For DX-DOAS with VERS, operation with VERS is considered totte minimum capacity stage for the

purpose of these catcniatFodior VERS 70péfati ofln withou
calculatons as indicated for capacity condition 2. €7 0 ° F f or VE R Scompressoropeiattomnandvi t h o
Tsp>75 °F for the first compressor stage, conduct <calc

Table 11. Supply Air Temperatures and W Penalty Used for Calculation of Heating Mode

Ratings

Measurement Capacity condition during Supply Air Temperature | Include W
heating mode Tsac used for Calculation | Penalty?
measurement(s) of heating capacity

Full Capacity Heating Any Measured No

(Application Ratings for

manufacturesspecified

outdoor conditions):

Ohp.full,x, CORunx, where x

represents any selected

application rating condition.

Reported Heating Capacity |1.Tsa< 70 ° F f o| Measured No

and COP (Condition E capacity stage

mandatory and ConditionF | 2.7 0 ° &< <7 ¥ ° F| Measured N/A

optional): single measurement

Ohp.poasx CORboasx, Where x | 3. Tspa<7 0 ° F  f o r | Measured separatefgr No
represents Standard Rating measurement andsd> 75 | test 1 and 2

Condition E or F. °F for anoth
4. Tsa> 75 Minimuho| 75 ° F N/A
capacity stage
Values used for ISCaP 1.Tsa< 70 Ca¥imufno|7 0 ©°F Yes
Calculation (Condition E capaciy stage
mandatory and ConditionF | 2.7 0 ° &< <7 ¥ ° F| Measured N/A
optional): single measurement

Onhp.iscorx CORscorx Where X [ 3.Tspa<7 0 ° F  f o r | Measured separately for | No
represents Standard Rating measurement andsd> 75 | test 1 and 2
Condition E or F. °F for anoth
4.Tspa> 75 °F fo|l75 °F N/A
capacity stage

6.11 COP Ratings.

6.11.1 Standard Rating Condition FThe Standard Rating Condition F test is optional. If the Standard Rating
Condition F test is not conducted, a default value of 1 shall be assigned for, @@Ere yepresents the rating purpose
(DOAS or ISCOR).

6.11.2 When calculating COP values for detemation of ISCOR and the measured Supply Air dwlb temperature

is less than 70 °F for the sooexusingquatiess pvherei xtrgpresentsahe e , c
Outdoor Air condition.

oW i 33

=y
35¢

6.11.3 InterpolationMethod When calculating COP values for determination of ISE0Preporting DX DOAS
performance, and the Supply Airdsyu 1 b t emper atures measured for two hea
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75 °F raeity gprditigh 8)awhere the Supply Air doulb temperature for test 1 is lower than for test Zutate

COR,x as follows, where y represents the rating purpose (DOAS or 13CaRl x represents the outdoor air condition.

Also use thisapproachwin , for a DX DOAS with VERS, the Supply Air
justtheVERS and greater than 75 °F when using the 1o0owest

6.11.3.1 Calculate averaging weights; o for the two tests 1 and 2 camted for Standard Rating
Condition x (x could be E or F) using Equatidd%and 35. The weights shall bealculated such that the
calculated average Supply Air doylb temperature equals 75 °F and the sum of the weights is equal to 1.

o R J
hh hh
Qp p O 35

6.11.3.2. Calculate the weighted average power input for the given Standard Rating Condition by using Egjuation 3
O 5 ®p Uprn Upp  @Op Vg 0gp 36

6.11.3.3. Calculate thaveighted average heatikegpacityusing Equation 3

N h s ®n N e ©Or N RAR 37

6.11.3.4. Calcuhte the COP using EquatioB:3

h hh
vy 8

owyp ——— 38

¢

6.11.4 In all other cases, calculate CQQRs shown in EquatiaBd, where y represents the rating purpose (full, DOAS,
or ISCOP), and x represents thadmor air condition:

ik
vy
Wy —— 39
Aok

6.12 Calculationof IntegratedSeasonaCoefficientof PerformancelSCOR is calculatedusingEquation40. Thevaluesare
derivedfrom bin hourdataandrepregnta yearof operation.

ISCOP2= (CORscore-0.91) +(CORscop,#0.09) 40

6.13 Calculationof IntegratedSeasonaMoisture RemovakEfficiency ISMRE2is calculatedusingEquatiordl ISMREZ is
calculated using Equatia@i2. Theweighted valuesarederivedfrom bin hourdataandrepresena yearof operation.

ISMRE2= (MREa-0.14)+ (MREg-0.34)+ (MREc-0.39)+ (MREp-0.13) 41

ISMRE2o= (MRE70,A-0.14)+ (MRE70,B-0.34)+ (MRE70,C'0.39)+ (MRE70,D'0.13) 42
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Section 7. Minimum Data Requirements for Published Ratings

7.1 Minimum Data Requiredfor PublishedRatings. As a minimum, PublishedRatingsshall consistof the following
information:
7.1.1 Rated SupplhAirflow, scfm
7.1.2 CORyoas (for optional heat pumps), at Standard Ratunditions heating W/W
7.1.2.1 CORyoase(mandatory for optional heat pumps), at Standard Rating Condition E, heating, W/W
7.1.2.2 CORyoas,r(optional for optional heat pumps), at Standard Rating Condition F, heating, W/W
7.1.3 EATR (for optional VERS) at neutral pressure difference between Return and Qdidioov, %
7.1.4 ISCOP2(for optional heat pumps), W/W
7.1.5 ISMREZ2,Ib of moisturekW- h
7.1.6 MRC, atall Standard Ratin@onditions,dehumidification, Ib ofmoisture/h
7.1.7 MRE, at all Standard Ratingonditions,dehumidification)b of moisturekW- h
7.1.8 Powervoltage, voltsfrequency,Hz, and phase

7.1.9 Supply Airtemperature in heating and dehumidification modes of operattiath Standard Rating Conditians
If Cycle Reheat is provided then dehumidification Supply Air temperature shall be publish&zi/eléiReheadnand
off, °F

7.1.10 Total HeatingCapacityoas (Onppoas) (for optional heat pumpsat Standard Rating Conditiortgating,
Btu/h

7.1.11 Water flow ratgwherewateris usedor heatrejection) at Standard Conditiorggm

7.2 Rating Claims As aminimum, PublishedRatingsshallinclude all Standard Ratingonditions.All claims toratings

within the scope of this standastiallincludethe statement’ R a in@aatordanc&ith AHRI Standard 92QI-P ) All. claims

to ratingsoutsidethe scopeof this standardshall include the statement® @tsidethe scope of AHRI Standard 9Z0P ) ” .
7.2.1 COP and g, Application Ratings.Wherever COP andng/Application Ratings are published for heat pump
DX-DOAS Units the Supply Air dripulb temperature at the same compressor capacity shall be displayed.

Section 8. Operating Requirements

8.1 OperatingRequirementsDX-DOAS Unitsshall comply with the provisions of this Sectiosuchthat any production
unit will meettherequirementsletailedherein.

8.2 Maximum Operating Conditions Test. DX-DOAS Units shall passthe following maximum dehumidificationand
heatingoperating conditions testith a leaving airflow rate aspecifiedby the manufacturer.

8.2.1 TemperatureConditions.Temperatureonditionsshallbe maintainechsshownin Tables4 and 5

8.2.2 Voltages Testsshallbe run atheminimumandmaximumutilization voltagesasshownin AHRI Standard 110
attheunit'sservice connectioandratedfrequency.

8.2.3 Procedure.

8.2.3.1 DX-DOAS Unitsshall be operated continuousfgr one hour at the temperature conditions and
voltage(s)specified.

8.2.3.2  All powerto the equipmenshall be interruptedfor a periodsufficientto cause the compressor to
stop(notto exceedive secondsandthenbe restored.

8.2.4 Requirements.
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8.2.4.1 Duringboth tests, thequipmenshall operatsvithoutfailure of anyof its parts.

8.2.4.2 The unit shall resumecontinuousoperationwithin one hour of restoration ofpowerand shall then
operatecontinuouslyfor onehour.Operation and resetting of safety devices priestablishmendf continuous
operation is permitted.

8.3 Dehumidification Low Temperature Operation Test DX-DOAS Units shall passthe following low-temperature
operation tesivhenoperatingwith initial airflow rates aspecifiedby themanufacturewith controlsanddampers set to produce
the maximumtendency tdrost or ice the conditioningcoil, providedsuchsettings arenot contrary to themanufacturer's
instructions taheuser.

8.3.1

TemperatureConditions. Temperatureonditionsshall be maintainedat the Standard Rating D Conditions as

shownin Tables4 and5.

8.3.2

Voltageand FrequencyThe tesshallbeperformedat nameplateatedvoltageandfrequencyFor DX- DOAS

Units with dual nameplatgoltageratings, testshallbe performedat the lower of thetwo voltages.

8.3.3

Procedure.The testshall be continuouswith the DX-DOAS Units in the dehumidificatiorycle for not less

thanfour hoursafter establishment dhe specified temperatureonditions.The unit will be permitted to start anstop
undercontrol of an automatitimit device, if provided.

8.3.4

Requirements.
8.3.4.1 Duringthe entie test,theequipmenshalloperatewithout damage.

8.3.4.2 Duringtheentiretest,theairflow rateshallnotdropmorethan5% fromthatspecifedfor the Standard
Rating test.

8.3.4.3 Duringall phase®f the test anduringthe defrosting periodfterthe completiorof thetest, all ice or
meltageshall be caughtandremovedby the drain provisions.

8.4 VoltageToleranceTest.DX-DOAS Units shall pass thdollowing voltagetolerancetestwith a leavingairflow rate as
specifiedby the manufacturer.

24

8.4.1

Temperaturé€Conditions. Temperatureonditionsshall be maintainedat the standarddehumidification(and/or

standardheating,asrequired) steadgtateconditions ashownin Tables4 and 5.

8.4.2

Voltages.

8.4.2.1 Testsshallbe run at theninimum andmaximumutilization voltagesfrom AHRI Standard 110 based
uponthe unit'snameplateatedvoltage(s).Thesevoltagesshallbe suppliedat the unit's serviceconnectiorand
at ratedrequencyA lowerminimumor ahighermaximumvoltageshallbe used,if listed onthe nameplate.

8.4.2.2 The powersupplied tosinglephaseequipmentshall be adjustedust prior tothe shutdownperiod so

thatthe resultingroltageattheunit's service connection is 86%rameplateatedvoltagewhenthecompressor
motoris on lockedrotor. (For 200V or 208V nameplé#e rated equipment, the restaditageshallbe setat a

minimum of 180 V whenthe compressomotor is on locked rotor). Opencircuit voltage forthreephase
equipment shall not bgreatethan90% of nameplate ratealtage.

8.4.2.3 Within oneminuteaftertheequipmenhasresumedontinuousperationSection8.4.4.3),thevoltage
shallbe restored tthe valuesspecified in Section 8.2.1.
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8.4.3

8.4.4

Procedure.
8.4.3.1 Theequipmenshallbeoperatedor onehourat thetemperatureonditionsandvoltage(s)specified.

8.4.3.2 All powerto the equipmenghallbeinterruptedfor a periodsufficientto cause the compressorstop
(notto exceedive secondspndthenbe restored.

Requirements.
8.4.4.1 Duringboth tests, thequipmenshall operatsvithout failure of anyof its parts.

8.4.4.2 Theequipmentshalloperate continuoushyithoutinterruptionfor any reasotfior the onehour period
precedinghe powerinterruption.

8.4.4.3 The unit shall resumecontinuous operatiowithin two hours of restorationf powerand shall then

operatecontinuouslyfor one half hour. Operationand resetting ofsdety devices prior taestablishmenbf
continuousoperation is permitted.

Section 9. Marking and Nameplate Data

9.1 MarkingandNameplateData.As aminimum,thenameplatshalldisplaythema n u f a mamemogal designabn,
refrigerant designation per ASHRA&®andard34, andelectrical characteristiclameplatevoltagesfor 60 Hz systemshall
includeoneor moreof the equipmennameplateoltageratingsshownin Table 1 of AHRI Standard 110.

Section 10. Conformance Conditions

10.1 ConformanceWhile conformancewith this standard isoluntary, conformanceshall not be claimedor implied for
productsor equipmentithinthes t a n dPairpode(Section 1)andScopgSection 2unlesssuchproduct claimsneetall of
therequirementsf thestandarcindall of thetestingandratingrequirementaremeasure@ndreportedn completecompliance
with the standard. Any product thadsnot metall the requirementsf the standardshall not referencestate, omacknowledge
the standard irany written, oral, orelectroniccommunication.

Section 11. Symbols and Subscripts

11.1  The symbols and subscripts used in AHRI Standard 9D 4re listed and defined below:

ay x
az x
Aduct
Cpoa
Cpsa

C

CDx
COR) x

COR
€z

€275
€2,100
EATRbpoas

EATRo

Averagingweight

Averaging weight

Surface area of the duct?ft

Specific heat of Outdoor Air, Btu/(la°F)

Specific heat of Supply Airr® (1 b - °F)

25 W/gpm based on 20 ft external head

Coefficient of degradation for compressodamndenser fan power input

COP fordetermination ofapplication ratings for use wittSCOP2 full, or DOAS at Standard Rating
Condition x, W/W A summary of applications is included in Section 6.10.

CORP for Standard Rating Condition x, W/W

Sensible or latent effectiveness, dimensionless. The subsonperez= Sfor sensible oe= L for latent,
designates sensible or latent effectiveness values.

Sensible or latent effectiveness at 75% nominal Supply Airflow and zero presswentidfedimensionless.
Values from AHRI Standard 1060-H) testing or ratings.

Sensible or latent effégeness at 100% nominal Supply Airflow and zero pressure differential,
dimensionless. Values from AHRI Standard 106B)(testing or ratings

EATR as a fraction, representing leakage/transfer airflow divided bYpDAS Supply Airflow. Equal to
zero for DXDOAS units not equipped with VERS.

EATR as a fraction for zero pressure differential and zero purge angktexsnined in accordance with
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AHRI Standard 1060 {P).

LFx Load factor equal to the target MRC, divided by the lowagacitystage MRC.

me weight of condensate collected during the primary test, Ib

MRC Moisture removal capacity, Ib/h

MRC x MRC for first of two weighted average tests at Standard Rating Conditioguy/tb

MRC;« MRC for second of two weighted average testStandard Rating Condition x,Ha/h

MRCavg,x weighted average MRC at Standard Rating conditionyefb

MRCsecondary moisture removal capacity for the secondary test, Ib/h

MRCrgx Target moisture removal capacity for Standard Rating Conditimalgulated(a) for DX-DOAS without

VERS or DXDOAS with VERS tested under Optionusing the Outdoo¥entilation Air humidity ratio
measured for Standard Rating Conditioand the Supply Air humidity ratio measured for Standard Rating
Condition A, Ib/h and (b) for DXDOAS with VERS tested using Option 2 using an Outdoor Ventilation Air
humidity ratio calculated using the measutearometric pressure and the specified Standard Rating
Condition x dry bulb and wet bulb temperatures and the Supply Air hymadib measured for Standard
Rating Condition A, Ib/h(Informative note- See Appendix D for sample calculations of MRE

MRCx MRC for standard rating condition x (x can be A, B, C, or Q)adkh

MREy MRE for Standard Rating Condition x (x can beBAC, or D),Ib/kW- h

MRE7o x MRE rating incorporating the impact of the Supplementary Heat Penalty at Standard Rating Crr{glition
can be A, B, C, or D)b/kW- h

MRM Moisture removal measured when testing-DRAS units equipped with VERS under Option 2

AP Waterpressue drop measurecceoss liquid heat exchanger, psi

Pavg,x Weighted average power input fmalculating MREand COPat Standard Rating condition x, W

P70,avg.x Weighted average power input for calculating MRE_70 at Standard Rating Condition x, W

Phar Barometic pressure, psi.

Pcex Power input of the compressor and condenser fans for Standand) Rathdition x for operation at the

lowestcapacity stageW. Separately metered if a single test is conducted or equaj toRR « if two tests
are conducted.

Pex Water pump effect for Standard Rating Condition x, applicable for watged and watesource heat pump
DX-DOAS units without integral pump¥y.

Pe1x Water pump effect, applicable for watswoled and watesource heat pump DKROAS units without
integral pumps, for test ¥W. For aircooled or airsource heat pump BDROAS units, B=0

Pe2x Water pump effect, applicable for wataroled and watesource heat pump DKROAS units without

integral pumps, for test BY. For aircooled or aisource heatymp DX-DOAS units, B=0.Prx =
Measured total power input for Standard Rating Conditjan

Pnex Power input of the unit not including the compressor and condenser fans, W. Equal R if a single
test is conducted or equal to total input pofeeithe necompressor testgR, if two tests are conducted

Prx Measured totgbower input for Standard Rating Condition x when operating at the loapatity stagew.

Prix Total measured power input for the first of two weighted average tedenaia®l Rating Condition XV

Prax Total measured power input for the seconthaf weighted average tests at Standard Rating Conditdh X,

PR Basic Pumping Penalty (Table 8/ ( gp m- ps i )

Ohp Total Heating Capacity, Btu/h

Ohp.avg.y.x Heating capacity ofhe two weighted average tests at Standard Rating Conditiam sating purpse y
(DOAS or ISCOP)Btu/h

Ohpy.x Total Heating Capacity for Standard Rating Conditidarxating purpose y (full, DOAS, or ISCOPBtu/h

Ohp.1y.x Heating capacity for the first of two weighted average tests at Standard Rating Confditicating purpose
y (DOAS or ISCOP)Btu/h

Ohp.2y.x Heating capacity for the second of two weighted averagfs t& Standard Rating Conditiorfor rating
purpose y (DOAS or ISCOPBtu/h

Ohp.DOAS Total Heating CapacitipOAS at Standard Rating ConditionBtu/h

Ohp.full x Total Heating Capacitfull capacityat Standard Rating Condition x, Btu/h

Ohp,ISCOP x Total Heating CapacitySCOP at Standard Rating Condition x, Btu/h

OhpM Heating measured when testing IXOAS units equipped with VERS und®ption 2, Btu/h

Ohp VERS X Total Heating Capacity of VERS only operation simulated for Standard Rating CondiBaun/x,

ioss Raite of heat 1loss from the duct between the unit?’

Oth.x Supplementary heating capacity required to achieve minimum Supply Air temperature, where X represents
Standard Rating Condition &, C, D, E, or F, Btu/h

Osc sensible cooling capacity, Btu/h
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Orc Total Cooling Capacity, Btu/h

Qmsa Airflow, supply, measeed of airwater vapor mixture, cfm

Qsax Airflow, supply, Standard Aiat Standard Rating Condition scfm.

SCFMuoo Nominal (1® %) Supply Airflow for AHRI Standard 1060-) testing or rating, scfm

SCFMboas Supply Airflow for DX-DOAS as measured wheetting airflows in accordance with Section 6.1.5, scfm

t Time duration of the test, h

Toa Temperature, Outdoor Air, diyulb, °F

Tra Temperature, Return Air, diyulb, °F

Tsa Temperature, Supply Air, diyulb, °F

Tsameasured Measured Supply Aidry bulb temperature, °F

Tsa1x Supply Air drybulb temperature measured for test 1, adjusted for duct losses, at Standard RatitignCon
X, °F

Tsazx Supply Air drybulb temperature measured for test 2, adjusted for duct losses, at Standard RatitignCon
X, °F

Tsac Supply Airtemperature used faalculation of heating capacit$f.

Tsv Simulated Ventilation Air drjpulbtempersure, °F

U Overall heat transfer % FMefficient for the duct, B

Vsa Specific volume of the dry ajportion of the Supply Air mixture, ft3/lbmda

v éa Specific volume of Supply Air calculated at atmospheric pressure measured during th&lbagtafermix

WF Liquid flow rate, gpm

W CoolPenalty.  SupplementaryCoolingPenalty for Standard Rating Condition x, calculated in accordance with Sedtion 6.
w

W CoolPenalty x SupplementaryCooling penalty for Standard Rating Condition X, castall for test 1, in accordance with
Section 64, W

W CoolPenalty x SupplementaryCooling penalty for Standard Rating Condition X, calculated for test 2, in accordance with
Section 64, W

W HeatPenalty, Supplementary Heat Penalty for Standard Rating Ciondit calculated in accordance with Section 83,

W HeatPenalty x Supplementary Heat penalty for Standard Rating Condition x, calculated for test 1, in accordance with

Section 6.3W

W HeatPenalty x Supplementary Heat penalty for Standard Rating Giond, calculated for test 2, in accordance with
Section 6.3W

Woax Humidity ratio of Outdoor Ailat Standard Rating Condition bowater vapoDary air

Wsa,Low the measured Supply Alumidity ratio for Standard Rating Condition X when operatinghatlowest
CapaCIty Stagdbwater Vap(ﬂ bdry air

Wsax Humidity ratio ofSupply Airat Standard Rating Condition bowater vapot!Dary air

Wrax Humidity ratio of Return Airat Standard Rating Condition bowater vapofDadry air

Wsvx Humidity ratioof Simulated Ventilation Air determined in accordance with Section C4 of Appendix C
Standard Rating Condition water vapdDary air

Wsaa Supply Air Humidity Ration Measad for Standard Rating Condition A

Wsa 1 Supply Air Humidity Ration Measurefdr the first Standard Rating Condition x test

Wsa 2 Supply Air Humidity Ratio Measured for the second Standard Rating Condition x test

X (MRE tests) Part load Standard Rating @dition— B, C, or D
X (COP tests) Standard Rating Condition E or F
y Rating purpose- DOAS, ISCOR or application rating (i.e. full)
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APPENDIX A. REFERENCES - NORMATIVE

Al Listedhereare all standard$iandbooksindotherpublications essential to the formatiandimplementation othe
standardAll referenceén this apendix areconsideredhs part othe standard.

Al.1 AHRI Standard110-2016, Air-Conditioning, Heating and Refrigerating EquipmentNameplate Voltages
2016, Air-Conditioning, Heating,and Refrigerationinstitute, 2311 Wilson Blvd. Suite 400, Arlington, VA 22201,
U.S.A.

Al.2  ANSI/AHRI Standard21(Sl)-2019, PerformanceRatingof DX-DedicatedOutdoorAir Systenunits, 2019,
Air-Conditioning,Heating,andRefrigerationinstitute, 2311Wilson Blvd. Suite400, Arlington, VA 22201,U.S.A.

Al.3 ANSI/AHRI Standrd 1060 (IP)-2018, Performance Rating of Aito-Air Energy Recovery Ventilatqra018,
Air-Conditioning,Heating,andRefrigerationnstitute,2311Wilson Blvd. Suite400, Arlington, VA 22201,U.S.A.

Al.4  ANSI/ARI/ASHRAE ISO 132561:1998(Sl), Watersouce Heat Pumps Testing and Rating for Performance
Part 1: Waterto-Air and Brine-to-Air Heat Pumps 1998, International Organization for Standardizati@P 401-
1214 Vernier, Geneva, Switzerland

Al15 ANSI/ASHRAE Standard198-2013, Method of Testfor Raing DX-DedicatedOutdoor Air System(DX-
DOAS)Units, 2013, AmericanSocietyof Heating, Refrigeratingand Air-ConditioningEngineersjnc., 1791 Tullie
Circle,N.E., Atlanta,GA 30329,U.S.A.

Al1.6 ANSI/ASHRAE Standard 37-2009, Methods of Testing for Rag Electrically Driven Unitary Air-
Conditioning and Heat Pump EquipmeB009, AmericanSocietyof Heating, Refrigeratingand Air-Conditioning
Engineers|nc., 1791 Tullie Circle,N.E., Atlanta, GA 30329,U.S.A.

Al.7 ANSI/ASHRAE Standard 32016, Desigration and SafetZlassifications of RefrigeratioBystems, 2016,
AmericanSocietyof Heating,Refrigeratingand Air-ConditioningEngineersjnc., 1791 Tullie Circle,N.E., Atlanta,
GA 30329,U.S.A.

Al1.8 ANSI/ASHRAE Standard 41:2013, Standard Method fofTemperature Measuremer2013, American
Societyof Heating,Refrigeratingand Air-ConditioningEngineers|nc., 1791 Tullie Circle,N.E., Atlanta, GA 30329,
U.S.A.

Al19 ANSI/ASHRAE Standard 41-8014,Standard Method for Humidity Measureme2@14,AmericanSociety
of Heating,Refrigeratingand Air-ConditioningEngineers|nc., 1791 Tullie Circle, N.E., Atlanta, GA 30329,U.S.A.

Al1.10 ANSI/ASHRAE/IEC Standard 90-2016, Energy Standard for Building Except LdRise Residential
Buildings 2016 AmericanScciety of Heating,Refrigeratingand Air -ConditioningEngineersinc., 1791Tullie Circle,
N.E., Atlanta,GA 30329,U.S.A.

Al.11 ANSI/ASTM B117-16, Standard Practice for Operating Salt Spray (Fog) Appara®d 6, 100 BarHarbor Dr,
Conshohocken, PA 19428.S.A.

Al.12 ANSI/ASTM G8511, Standard practice for Modified Salt Spray (Fog) Testia@l1, 100 Barr Harbor Dr,
Conshohocken, PA 19428

Al1.13 ASHRAE Terminology, https://www.ashrae.org/resouregmiblications/freeesources/ashregerminology
2014, American Society of HeatingRefrigeratingand Air-Conditioning Engineers, Inc., 1791 Tullie Circle, N.E.,
Atlanta, GA 30329,U.S.A.

Al1.14 CAN/ANSI/AHRI Standard 54015, Performance Rating of Positive Displacement Refrigerant
Compressors and Compressor Uni2815 Air-Conditioning Heating,andRefrigerationinstitute,2311Wilson Blvd.
Suite400, Arlington, VA 22201,U.S.A.
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Al.15 10 C.F.R.8431.401,Peitions for Waiver and Interim Waivef014, U.S. Department of Energy. 1000
Independence Avenue SW, Washington, D.C., U.S.A. https://www.ecfr.gov/cgbin/text
idx?SID=4ea121d430247076797814116a070fce&mc=true&node=se10.3.431 1401&rgn=div8

Al1.16 UL 555, Sandard for Fire Dampers2006,Underwriters Laboratories, 333 Pfingsten Road, Northbrook, IL
60062, U.S.A.

Al.17 UL 555S,Standrd for Smoke Damper2014, Underwriters Laboratories, 333 Pfingsten Road, Northbrook,
IL 60062, U.S.A.

APPENDIX B. REFERENCES -
INFORMATIVE

B1 Listed hereare standards, handbooksdother publicationsvhich may provideusefulinformationand backgsund
butarenot consideredkssential. References in this appendixrerteconsideregbart ofthe standard.

None.
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APPENDIX C. ANSI/ASHRAE STANDARD 198 and
ANSI/ASHRAE STANDARD 37 ADDITIONS,
CLARIFICATIONS AND EXCEPTIONS — NORMATIVE

Cl1l Purpose.The pupose of this appendix is to prescribe the test procedures used for testiD@AX units. The testing

of AHRI Standard 920 {P) shall comply with ANSI/ASHRAE Standard 198 and ANSI/ASHRAE Standard 37 with the
following clarifications and exceptiesnWhereghere are contradictions between the standards, follow AHRI Standard 920 (I
P).

C2 Test requirements that adeviationsfrom ANSI/ASHRAE Standard 198.

C2.1 Test Unit LocationA single-package aicooled or aisourceDX-DOAS unit shall be installed ia room
conditioned to outdoor drigulbtemperatures during the test. If the conditioning system of this chamber cannot maintain
the required Outdoor Air humidity level, the Oubdd/entilation Air and desiccant wheel regeneration air may be ducted
from aseparate Conditioned Space. If a wateoled or watesource DOAS, or th€onditioningCoil section of a split
system DOAS has a natucted conditioning coil air inlet, it shdde installed in a room conditioned to outdoor b
temperatureduringthe test.

C2.1.1 Outdoor Coil entering air conditions are shown in Table C1 for both Ousiog€ooled DXDOAS
units and ReliefAir-Cooled DXDOAS units.

Table C1. Outdoor Coil Entering Air Conditions for Air -Cooled and
Evaporatively-Cooled DX-DOAS Units

Condition Dry E;L'It.) Condition Wet Bulb
Air-Cooled Is a Temperature 0 A|r Temperature of Air Entering
VERS Test Mode Entering Outdoor Coil to .
Type e Outdoor Cail to the Value
Present? the Value Specified in e )
. Specified in Table 4 for:
Table 4 for:
Heating
Dehumidification for DXDOAS Outdoor Air Dry Bulb Outdoor Air Wet Bulb
Yes Units with Evaporative Coolirlg
Dehumidification for other DX Outdoor Air Dry Bulb N/A
DOAS
Outdoor -
Heating
Dehumidification for DX-DOAS Outdoor Air Dry Bulb Outdoor Air Wet Bulb
No Units with Evaporative Coolirlg
Dehumidification for other DX .
DOAS Outdoor Air Dry Bulb N/A
Heating
Dehumidification for DXDOAS N/A N/A
Yes Units with Evaporative Coolirlg
Dehum|d|f|c§g?:sfor othebX- N/A N/A
Relief -
Heating
Dehumidification for DXDOAS Return Air Dry Bully Return Air Wet BulB
No Units with Evaporative Coolirlg
Dehumidification for other DX .
DOAS Return Air Dry Bully N/A
Notes:

1. Also applies to aicooled DXDOAS unitswith condenser cooling enheement using conditioning coil condensa
2. Outdoor Coil entering conditions are not controlled when testing R&lie€Cooled units with VERS.
3. Control for return air conditions at the inlet to the IDXOAS unit rather than at theutdoor coil.
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C2.1.2 If the Outdoor Air entering the Conditioning Coil section of the unit is ducted from a remote test
chamber, there is no wetilb temperature requirement for the ambient air surrounding the unit unless it is
required in accordance wiffable C1

C2.1.3 Desicant wheel regeneration air entering B-DOAS shall be at the Outdoor Ventilation Air dry
bulband wetbulb conditions spdied.

C2.1.4 For split systenDX-DOAS units, the refrigerant line set shall be at least 25 ft.
C2.2 Use of a Single Airflow Ra Measuring Apparatus per Airflow Path

C2.2.1 Supply and Outdoor Airflow PathThe OutdooAirflow measuringdevice illustrated in Figure 1 in
ANSI/ASHRAE Standard 198 is not required.

C2.2.2 Return and Exhaust Airflow PathWhen testing &X-DOAS unit equipped with a VERS, an airflow
rate measuring apparatus is required for Return Airflow. An airflowmat@suring apparatus is not required
for Exhaust Airflow.

C2.3 Outdoor Air. Outdoor Ventilation Air, OutdoorAir-Cooled DX-DOAS Outdoor Coil enteing air, and
desiccant wheel regeneration entering air may be taken from different test rooms. If ang aifr tsiesams is provided

from a separate room from the room housing the test unit, its corresponding leaving air (i.e. Supply Air, leaviorg Outdo
Coil air, and leaving regeneration air, respectively) shall be ducted from the unit to the same roomidrothendur

was taken, or pressure relief meagg{ a separate duct or opening in the separating wall to return air to the first room)
shall ke provided, if needed to ensure operation at required external static pressures.

C2.4 Return Air orTest Optio 2, Simulated Ventilation Air. When testing a DXDOAS with Return Air or
Simulated Ventilation Air entering the unit, this altouldbe takerfrom a separate room controlled to the specified air
conditions during the testDucting or pressure relief means shall be provided so that this air can transfer back to the
separate room, and, if applicable, any Outdoor Ventilation Air or stediiventation air transferred to the Exhaust Air

in the VERS can transfer back to its source.

C2.5 Plenum and Ducting of Air to or from2X-DOAS to a Separate Roovithen ducting air betweeraX-DOAS
and a separate room, into or out of a conneatimndesiged for duct connections in field installation, the following
requirements shall be met.

C2.5.1 Free Air and Ducted TestA. preliminary free air test shall be conducted prior to connecting a plenum

or ducting to theDX-DOAS. Airflow rates shalbe set imaccordance with Section 6.1.5 of this standard and

meet the operating tolerances defined in this standard for at least 10 minutes. Record the average airflow rate
and average fan power for each airflow path. After connecting the plenum oredhetck aiflow, adjusting

any duct booster fan or the fan of an airflow measurement apparatus attached to the duct as necessary to achieve
the required plenum pressure. The unit under test fan settings used for the preliminary free air test shall remain
unchangedhroughout the remaining tests. Confirm that fan power measured for each airflow path when ducted

is within 2%o0f the power measured for the free air test. Increase plenum size if necessary to match fan power
within this 246 tolerance.

C2.5.2 Plenum anduct Requirement#\ plenum (enlarged duct box) shall be installed between the duct and
the DX-DOAS. The plenum shall have a cragxtional area at least 2 times the area of theDDAS inlet
or outlet. Plenum length is defined in the following subsastio

C2.5.2.1 For all outlets, the plenum shall extend for a distance of at least 3.5 times the square root
of the crosssectional area of the BROAS outlet prior to any duct transitions, elbows, or air samplers
used for air condition measurement.

C25.2.2 For all inlets using plenums with ducts connected to booster fans or the fan of an airflow
measurement apparatus, the plenum shall extend for a distance of at least 3.5 times the square root of
the crosssectional area of the DROAS inlet prior to ay dud transitions, elbows, or air samplers

used for air condition measurement.
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C2.5.2.3 For all other inlets not covered BectionC2.5.2.2, the plenum shall extend for a distance
of at least 2.1 times the square root of the esestional area of 6hDX-DOAS inlet prior to any duct
transitions, elbows, or air samplers used for air condition measurement.

C2.5.2.4 If used, elbows connected to the end of the plenum shall have a centerline radius equal to
at least 1.5 times the duct width in the radiaéction or have turning vanes. Air velocities calculated

as measured volume flow divided by duct or plenum esestional area shall not exceed 250 ft/min
inside the plenum and 500 ft/min in the connecting duct at its connection to the plenum.

C2.5.25 When a plenum is attached to an inlet or outlet employing a hood, louvered damper, mist
eliminator, these components shall be installed during the test. The inlet or outlet area shall be the
smallest crossectional open area in the inlet or outleflaiv path that is outboard of any louvers,

mist eliminators, or préilters. If multiple inlet/outlet openings are used, plenum size shall be based
on the sum of the open areas. To avoid restriction of airflow between the hood of doviaciagd
inletsand otlets and the plenum walls, the plenum shall be sized sufficiently such that the velocity
calculated as the measured volume flow divided by the restricted flow area shall be no more than 200
feet per minute. Figures C1 and C2 show plenum constnuexanples.

C2.5.2.6 Manifolded static pressure taps shall be installed in the plenum in at least four locations
spaced uniformly around the plenum per Section 6.5 of ANSIASHRAE Standard 37. For an outlet,
the static pressure taps shall be 2.8 timesdfoae root of the crossectional area of the outlet from

the DX-DOAS. For an inlet, the static pressure taps shall be 1.0 times the square root of the cross
sectional area of the inlet from tB&X-DOAS. Static pressure in the plenum shall be maintairtch

0.05 in HO of ambient pressure.

C2.5.2.7 If an airflow measurement apparatus is used to measure the airflow passing through the
duct, its fan shall be adjusted to meet the plenum static pressure requirement. Otherwise, if the duct
pressure dropauses the plenum pressure to differ from ambient pressure by more than 0.05 in H20,
an auxiliary adjustable fan shall be installed in the duct to maintain the required plenum pressure. Air
samplers used for temperature measurement shall be placed incthieetiveen the fan and the
minimum required plenum length.
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Figure C1. Non-ducted Outlet Plenum
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Note 1- Refer to Section C2.52.
Figure C2. Non-Ducted Inlet Plenum (without ducting to booster fan)

C3 Air Condition Measurementbleasure the air drigulbtemperature and water vapor content conditions that are required
to be controlled for the test. Measure the Supply Airtdiyp temperature and water vapor content for all tests. Also, when
usingthe Outdoor Air enthalpy method to measure equipmegpacity, measure Outdoor Coil leaving air b temperature

and water vapor content. Make these measurements as described in the following Section 3 subskotioBsction 5.1.3

of ANSI/ASHRAE Standard 37 regarding relative placement of air teatpee and static pressure measurement instruments.

C 3.1 Outdoor Coil Air Entering ConditiongRefer toTable

C3.1.1 General Temperature Measurement Requiremektsasure temperatures in accordanegh
ANSI/ASHRAE Standard 41.1.

C3.1.2 TemperatureMeasurementsi-ollow the requirements of Table C1. The specified accuracies shall

apply to the full instrument systems including read devices. When using a grid of individttsrmocouples
rather than a thermopile, follow the thermopile temperatureirements of Table Z
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When measuring drpulb temperature for sampled air within the sampled air conduit rather than with the
psychrometer as discussed in Section C3.1.5, use a temperature sensor and instrument system, ineluding read
outdevices,with ccuracy of < £+ 0.2 <°BD.andFdisplay resolut:i

Table C2. Temperature Measurement Requirements

Measurement Accuracy|Display Re
Dry bulb and Wetbulb Temperaturée's < + 0.2 < 0.1
Thermopile Temperatute < £ 1.0 |< 0.1

Notes:
1. The accuracy specified is for the temperature indicating device and does not reflect the opera
the aspirating psychrometer.
2. To meet this requirement, thermocouple wire shall have special limits of error and all thermoc
junctions in a thermopglshall be made from the same spool of wire; thermopile junctions are w
in parallel.

C3.1.3 Psychrometer or Hygrometer Requiremeiftmeasurement of water vapor is required, use one of the
following two methods.

C3.1.3.1 AspiratingPsychrometer The psychrometer consists of a flow section and a fan to draw
air through the flow section and measures an average value of the saimgtiehm. The flow section

shall be equipped with two dbulbtemperature probe connections, one biohl shall be used for the
facility temperature measurement and one of which shall be available to confirm this measurement
using an additional orditd-p ar t y’s temperature sensor probe.
is also required, for testing evaporativelycooled units or heat pump products in heating mode, the
flow section shall be equipped with two wailb temperature probe connectinanes of which one

shall be used for the facility wbtilb measurement and one of which shall be avail@bhé®nfirm the

wet bulb measurement using an additional or a tpird r t y Bulb semsertprobe. The Aspirating
Psychrometer shall include a fan that either can be adjusted manually or automatically to maintain
required velocity across the sensors. pidgl configuration for the Aspirating Psychrometer is shown

in Figure C3.

C3.1.3.2 Dew Point HygrometerMeasure dew point temperature using a dew point hygrometer as
specified in Sections 4, 5, 6, 7.1, and 7.4 of ANSI/ASHRAE Standard 41.6, with aa@cefiwithin

+0.4 °F. Use a drpulb temperature sensor within the sampled aivdeit and locate the dew point
hygrometer downstream of the dylbtemperature sensor.

Aspirating Psychrometer for Condenser
Alr Temperature Measurement

Wit bulb Centrifugal fan
Dry-bulb ﬁaf{i{u ansar variahle speed
sensor \ P recarmmended

= O

Flexible tube

At oy
from ——
sampling
tree
Aspirating F's;rchrcumeter
heater - 4 inch clear Velncn'y actoss CUD for wet-bul
plastic pipe probes should be water

1000 +- 200 ftimin

Figure C3. Aspirating Psychrometer
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C3.1.4 Air Sampling Tree Requirementdhe air sampling tree is intended to draw a uniform sample of the
airflow entering theair-cooled condenser section. A typical configuration for the sampling tree is shown in
Figure C4 for a tree with overall dimensions of 4 ft by 4 ft sample.

Note: Othersizes and rectangular shapes can be used, and should be scaled accordingly as long as the aspect
ratio (width to height) of no greater than 2 to 1 is maintained.

It shall be constructed of stainless steel, plastic or other suitable, donateleals.It shall have a main flow

trunk tube with a series of branch tubes connected to the trunk tube. The branch tubes shall have appropriately
spaced holes, sized to provide equal airflow through all the holes by increasing the hole size as funth@iove

from the trunk tube to account for the static pressure regain effect in the branch and trunk tubes. A minimum
hole density of six holes per square foot of area to be sampled is required. The minimum average velocity
through the sampling tree holsisall be 25 ft/sec as determined by evaluating the sum of the open area of the
holes as compared to the flow area in the aspirating psychrometer. The assembly shall have a tubular connection
to allow a flexible tube to be connected to the sampling tréeathe agirating psychrometer.

The sampling tree shall also be equipped with a thermocouple thermopile grid or with individual thermocouples
to measure the average temperature of the airflow over the sampling tree. The thermocouple arrangement shall
have at leas16 measuring points per sampling tree, evenly spaced across the sampling tree. The air sampling
trees shall be placed withirl2 in of the unit to minimize the risk of damage to the unit while ensuring that

the air sampling tubes are measgrihe air @ing into the unit rather than the room air around the unit.

Note:The “.75 in X .50 in” slots referenced in Figur
located inside of the trunk of the sampling tree. They are placaitbte air © be pulled into the main trunk
from each of the branches.

C3.1.4.1 Test Setup DescriptiorThe nominal face area of the airflow shall be divided into a number
of equal area sampling rectangles with aspect ratios no greater than 2 to 1. Each reetaagsitel|
have one air sampler tree.

Note: The nominal face area may extend beyond the condenser coil depending on coil configuration
and orientation, and shaticlude all regions through which air enters the unit.

A minimum of one aspirating psyameter per side ofreOutdoorAir-CooledDX-DOAS Outdoor

Coil section shall be useBor units with three (3) sides, two (2) sampling aspirating psychrometers
can be used but shall require a sepamtsampler treor the third side. For units that ha@eitdoor

Coil air entering the sides and thettom of the unit, additionalir sampling treeshall be used.

The air sampler trees shall be located at the geometric center of each rectangle; either horizontal or
vertical orientation of the branches isaptableThe sampling trees shall coverleast 80% of the

height and 60% of the width of the air entrance to the unit (for long horizontal coils), or shall cover at
least 80% of the width and 60% of the height of the air entrance (for tall verticl Thi sampling

trees shall not extend baya the face of the air entrance area. The sample trees shall be located 6 to
12 inches from the enter face of the unit. It is acceptable to block all branch inlet holes that extend
beyond the face of the unit. eRr to Figure C5 for examples of how anrgasing number of air
sampler trees are required for longer condenser coils.

A maximum of four (4) sampling trees shall be connected to each aspirating psychrometer. The
sampling trees shall be connected toasgirating psychrometer using flexible tulpithat is insulated

and routed to prevent heat transfer to the air stream. In order to proportionately divide the flow stream
for multiple sampling trees for a given aspirating psychrometer, the flexible tutatidoe of equal
lengths for each samplingee. Refer to Figure C6 for some typical examples of air sampler tree and
aspirating psychrometesetups.

If using more than one air sampling tree, all air sampling trees shall be of the same size and have the
same number of inlet holes.
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Draw air throughhe air samplers using the fans of the psychrometer(s) or, if not using psychrometers,
equivalent fans allowing adjustment of airflow through the air sampler inlet holes as specified in
Section C3.1.4 of this gendix. Return the fan discharge air torib@m from which the system draws

the Outdoor Coil intake air.

NQOTES:

1. ALL EXTERIOR WELDS ARE TO BE GROUND SMOQTH AND FLUSH.
2. ALL PIECES ARE TO BE LEVEL, PLUMB AND SQUARE.

3. ALL PIECES ARE TO BE CLEANED, CHAMFERED AND DEBURRED.
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Dual Coil Unit

armall Coil Unit %

Aspirating sampling tree shall be spaced 6 to 12 inches from inlet to the unit

Large Unit

Figure C6. Typical Test Setup Configurations

C3.1.5 Dry bulb Temperature MeasuremeMeasure drpulbtemperatures using the psychrometertuiryp

sensors, or, if not using psychrometers, usédhytemperature sensors with accuracy as described in Section
C3.1.2. Measure the dbulbtemperature within the conduit conducting air sampler air to thatfarocation

between the air sampler exit to the conduit and the fan. When a fan draws air through more than one air sampler,
the drybulbtemperature malye measured separately for each air sampler or for the combined set of air sampler
flows. If dry bulb temperature is measured at the air sampler exit to the conduit, the use of a thermocouple
thermopile grid or a grid of individual thermocouples for dtgie measurement of doylbtemperature is not
required—instead use the agamplerexit measureent when checking temperature uniformity.

C3.1.6 Wetbulb or Dew Point Temperature Measurement to Determine Air Water Vapor Colitesisure

wet bulb tempeatures using one or more psychrometers or measure dew point temperature using one or more
hygromeers. If using hygrometers, measure dew point temperature within the conduit conducting air sampler
air to the airsampling fan at a location downstream leé drybulb temperature measurement. When a fan
draws air through more than one air sampler, e point temperature may be measured separately for each

air sampler or for the combined set of air sampler flows.
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When more than one air sampler feedshglsiwater vapor content measurement instrument, measure relative
humidity as required in SectiorB.8 of this appendix to allow assessment of water vapor content uniformity.

C3.1.7 Monitoring and Adjustment for Air Sampler Conduit Temperature Chandd°ressure Drogdf dry
bulbtemperature is measured at a distance from the air sampler exits, determine average conduit temperature
change as the difference in temperature between the remdtglloitgmperature and the average of thermopiles

or thermoouple measurements of all aamplers collecting air that is measured by the remotebulty
temperature sensor. If this difference is greater than 0.5 °F, measirdlmtgmperature at the exit of each

air sampler (using dripulb temperature sensorstivaccuracy as described ie@ion C3.1.2), and use these
additional sensors to determine average-eoiering drybulb temperature.

Measure gauge pressure at the sensor location of any instrument measuring water vapor content. If the pressure
differs from room pressure by morbBanh 2 in HO, use the gauge pressure measurement to adjust the
atmospheric pressure used to calculate the humidity ratio (in units of pounds of moisture per pound of dry air)
at the measurement location.

If either the 0.5 °Remperature difference threst or the 2 in HO pressure difference threshold are exceeded,
use a twestep process to calculate adjusted air properigs (vetbulb temperature or enthalpy) for the one

or more affected air samplers. First, calcuthemoisture level (pounds veaitvapor per pound dry air) at the
humidity measurement location(s) using either the psychrometerbdiy and wet bulb temperature
measurements or the hygrometer dew point measurement, using for either approach the esfjgatedipit
differs from the room atmospheric pressure by 2 yOHr more. Then calculate the air properties for the air
sampler location based on the moisture level, the room atmospheric pressure, andbtlzteinyperature at

the air sampler locan. If the air sampler fanrgsychrometer serves more than one air sampler, and the 0.5
°F threshold was exceeded, the Bolb temperature used in this calculation shall be the average of the air
sampler exit measurements. Also, for multiple air sansplif humidity was measureasing multiple
hygrometers, the moisture level used in this calculation shall be the average of the calculated moisture levels
calculated in the first step.

C3.1.8 Temperature UniformityTo ensure adequate air distributigdhorough mixing, and unifornair
temperature, it is important that the room and test setup is properly designed and operated. The room
conditioning equipment airflow shall be set such that recirculation of condenser discharged air is avoided except
as mg naturally occur from the eiqpment. To check for the recirculation of condenser discharged air back

into the condenser coil(s) the following method shall be used: Multiple individual reading thermocouples (at
least one per sampling tree location) shalirstalled around the unitradischarge perimeter so that they are

below the plane of condenser fan exhaust and just above the top of the condenser coil(s). These thermocouples
shall not indicate a temperature difference greater than 5.0 °F from tlhgeavelet air. Air distributio at the

test facility, at the point of supply to the unit, shall be reviewed to determine if it requires remediation prior to
beginning testing.

Mixing fans can be used to ensure adequate air distribution in the testlfamad, mixing fans shall be
oriented such that they are pointed away from the air intake so that the mixing fan exhaust direction is at an
angle of 90°270° to the air entrance to the condenser air inlet. Pay particular attention to prevent recirculation
of condenser fan Exhaust Aack through the unit.

When not wusing psychr onbalitecernsp,e rtahteu r“ep smyecahsBuof thienteenrt ”d
appendix refers to either (a) the dylb temperature measurement in a single common air cosglwing one

or more air samplers or (b) the average of thebdilg temperature measurements made separately for each of
the air samplers served by bubtemmpghe¢ uvaet semprker t D:
bulbtemperatures baden dew point measurements.

Adjust measurements if required by Section C3.1.7 of this appendix prior to checking uniformity.
The 1.5 °F dnbulb temperature tolerance in Table Getween the air sampler thermopile (thermocouple)
measurements and psychmeter measurements only applies when more than one air sampler serves a given

psychrometer (see noteo2Table C3.

The uniformity requirementspaly to test period averages rather than instantaneous measurements.
39



AHRI Standard 920 (1-P)-2020

40

When water vapor content measurenisméquired, also confirm uniformity of wbtlbtemperature variation

among air samplers. When more than one air sampler feeds a single aspaatimpmeter or dew point

sensor, measure relative humidity of the air external to each of these airrsanspig a relative humidity

sensor having + % relative humidity accuracy located within 3 inches of geometric center of the air sampler.
Calculat wetbulbtemperature for these air samplers using the relative humidity measurement andbttie dry
temperature measurements from either the thermopiles (thermocouple grid averages), or the measurements at
the air sampler exits. The maximum allowaliféedence between the calculated wetb temperature for any

air sampler tree and the average lawdb tenperature for all air samplers used to measure outdoor entering air
conditions is 1.00 °F.

A valid test shall meet the criteria for adequate airitiution and control of air temperature as shown in Table
Cs3.
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Table C3. Criteria for Air Distribution and Control of Air Temperature

Dry bulb Temperature

Purpose

Maximum Variation, °F

Deviation from the mean air diulb

temperature to the air dhulbtemperature | uniform temperature distribution +2.00

at any individual temperature measureme

statiort

Difference between drigulb temperature

measured with air sampler tree thermopild uniform temperature distribution +1.50

and with aspirating psychrometer

Difference between mean_t_ju;alb ar test candition tolerance, for contro

temperature and the specified target test . +0.50
of air temperature

value’

Mean drybulb air temperature variation test operating tolerance, total

over time (from the first to the last of the | observed range of variation over +1.50

data sets) data collection time

Wet bulb Temperaturé

Deviation of calculated local air sampler

wet bulbtemperatures and the mean wet | uniform humidity distribution +1.00

bulb temperature

Deviation from the mean weulb

temperature and the individual temperatuj uniform humidity distribution +1.00

measurement stations

Difference between mean wetlb air wet test condition tolerance, for contrt

bulbtemperature and the specified target . ' +1.00
of air temperature

test valué
test operatingolerance, total

Mean wetbulb air temperature variation observed range of variation over +1.00

over time

datacollection time (from the first

to the last of the data sets)

Notes:

1. Each measurement station represents an average value as measured by a single Aspirating

Psychrometer.

2. Applies when multiplair samplers are connected to a simigchrometer or conduit dry bulb
temperature sensor. If the average of the thermopile measurements differs from the psychrom
conduit dry bulb sensor measurement by more than 0.5 °F, esangiter exit dryoulb temperature
sensors. For this cagbe uniformity requirement is based on comparison of each of tisaraipler

exit measurements with the average of these measurements.

3. The mean drpulbtemperature is the mean of all measurement stations.
4. The wetbulb temperature measurement is only required for entering Outdoor Coil BXI@OAS
units that are evaporativefjooled or use pan condensate enhance condenser cooling aneséoregr

hed pumpDX-DOAS units operating in the heating mode.

C3.2

of Outdoor Ventilation Air, desiccant regeneration air, simulated ventilation aefwon air.

Outdoor Ventilation Air ConditionsUse these requirements for measuringDXeDOAS entering conditions
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C4

Follow the requirements for Outdoor Coil entering airditons as described in Section C3.1 of this appendix, except
for the following.

C3.2.1 Both drybulbtemperature and water vapor content measurements are required for all tests.

C3.22 If the air is drawn from a remote location (e.g. an adjacent chidnttrough a duct system that
includes a booster fan or airflow measurement apparatus, the air sampler shall be installed in the duct
downstream of the fan or airflow measurement apparat

C3.2.3 If air is sampled within a duct, the air sampling tregidbe installed with the rectangle defined by the
air sampler inlet holes oriented parallel with and centered in the ductserctisa—this rectangle shall have
dimensionsthatare adst 75% f t he duct’s respective dimensions.

C3.2.4 Sampled air shibe returned to the room from which the system draws the Outdoor Ventilation Air,
except for the following situations. If the loop air enthalpy test method specified in Section 6.1.2 o
ANSI/ASHRAE Standard 37 is used, the sampled air shall be retupstetam of the air sampler either to the

duct between the airflow measuring apparatus and the room conditioning apparatus or to the airflow measuring
apparatus between the nozzles amrdftim. If the air is drawn from a remote location as describedctinSe

C3.2.2 of this appendix through a duct system that includes an airflow measurement apparatus, the sampled air
shall be returned to the airflow measuring apparatus between thesnazdlthe fan.

C3.3  Supply Air and Outdoor Coil Leaving Air Conditi® Follow the requirements for measurement of Outdoor
Coil entering air conditions as described in Section C3.1, except for the following.

Both dry bulb temperature and water vapor content measurements are required for Supply Air for all tests and for
Outdoor Coil leaving air for all tests using the Outdoor Air enthalpy method.

Supply Air and Outdoor Coil leaving air that is drawn from the unit dischdoge into the air sampling tree for
measurement shall be returned to the duct just downstream afrtsampling tree and upstream of the airflow
measuring apparatus. Insulate the conduit transferring the air from the air sampler fan dischargetto the du

The air sampling tree (used within the duct transferring air to the airflow measurement appheditbe installed with
the rectangle defined by the air sampler inlet holes oriented parallel with and centered in the dsettiomssthis
rectangg s hall have dimensions that are at least 75% of t

C3.3.1 Blowthrough Caoil. For a coil with a blowthrough fani(e., where the fan is located upstream of the
coil), use a grid of individual thermocouples rather than anbpile on the air sampling tree, even if-air
samplerexit dry bulb temperature measurement instrurseate installed. If the difference between the
maximum timeaveraged thermocouple measurement and the minimum-atieraged thermocouple
measurement isrgater than 1.5 °F, install mixing devices such as those described in Sections 5.3.2 through
5.3.3 of ANSI/ASHRAE Standard 41.1 to reduce the maximum temperature spread to less than 1.5 °F.

Simulated Ventilation Air Conditions for Testing Under Optiohtis section applies to setting the simulated ventilation

air conditions for testin@pX-DOAS unitsequipped with VERS under Option 2 under dehumidification and heating modes.
Use the SupplAirflow rate determined for th®X-DOAS when setting airflow rates as described in Section 6.1.5 of this
standard tcestablishthe effectiveness values and EATR eethined based on AHRI Standard 1064P)Ito calculate the
simulated ventilation air conditns.

42

C4.1 For DX-DOAS units equipped with an Energy Recovery Wheel, adjust the EATR t®OXS Supply
Airflow rate conditions:

00 o0 — C1

If AHRI Standard 1060 {P) information is noavailable,or if the Energy Recovery Wheel rotational speed has been
changed from the speed used to determine AHRI 10B) i@tings, set EATHbas equal to 0.06.
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C5

C4.2 Determination of the EffectivenesSalculate the sensible effectiveness (for dehumidification and heating
modes) and latent effectiveness (for dehumidification mode) for the VERS as installe®X-D@®AS, for 0 in HO
pressure differential, &ving supply static pressum@nusenteringexhaust (return) static pressure using AHRI Standard
1060 (HP) certifiedratingsasshown in Equation C2

- - -k -k 5 C2

For VERS that are capable of sensible heat transfer only, the latent effectiveness is equal to 0.

If AHRI Standard 1060 {P) performance information is not available for the VERS, or if, for an Energy Recovery
Wheel, the rotational speed has beemgled from the speed used to determine AHRI 1069 ¢atings, use the default
effectiveness values providedTiable C4correspondig to the kind of VERS system used in Ev§-DOAS.

Table C4. Default VERS Performance Values
VERS System Sen_si_b_le E_ffetivengss Latent !Ef_fc_actiyeness
(dehumidification/heating, %) (dehumidification, %)
Plate Heat Exchanger 49 28
Heat Pipe 21.5 0
Energy Recovery Wheels 50 50

For dehumidification mode, calculate both sensible and latent effectiveness using the equations providedtiorihis
For heating modeonly the sensible effectiveness is required.

C4.3 Calculating Simulated VentilationitAConditions. Using the sensible and latent effectiveness values,
calculate the simulated ventilation air doylb and humidity ratio conditions as follows for each Standard Rating
Condition (A, B, C, D for dehumidification; E and F for heating), except as noted.4:

Y Y - 0%Y Y C3
[ W - Jw W C4

“Yrefers to dnbulb temperature expressed as 6F refers to humidity ratio calculated for the Outdoor Air and Return
Air Standard Rating Condition yibulb and wet bulbemperatures at the measured barometric pressure rafats to
effectiveness. The subscriptéand0 refer to sensible and laterit, O refers to Outdoor Air,Y arefers to Simulated
Ventilation Air,"Y orefers to Return Air. Use the Outdoor Air @Rdturn Air conditions are as specified for the Standard
Rating Conditions in Tablesand5 of this standard.

For sensibleonly VERS, calculate \A using- set equal to EATRas.

Using the drybulb tempeature and humidity ratio calculated in Etjoas C3 and C4 and the atmospheric pressure
measured during the test in accordance with Section 5.12.10 of this standard, calculate the correspohdibg wet
temperature for the simulated ventilation air usiggations in ASHRAE Fundamentals Chapte®édt the Outdoor Air

and Return Air conditions equal to the calculated Simulated Ventilation Air conditions.

C4.4  Simulation of Energy Recovery Wheel Deactivation (per Section.S#specified by the manufacturer for
Standard Rating Condition D, simtéadeactivation of an Energy Recovery Wheel by using Outdoor Air conditions in
place of the calculated Simulated Ventilation Air conditions. Alsenergize VERS powered componefgg. Energy
Recovery Wheel rotation motorahd open optional dampers, they would be during deactivation in fielderation

Secondary Verification.

C5.1 Dehumidification Capacity Verificatiorfzor all DX-DOAS units that (a) do not use condersaillected from
the dehumidification coil to enhance condenser coolingaude a secondary dehumidification process for which the

moisture removed from the Supply Air is not collectable in liquid form, and (b) either are not equipped with VERS or

are guipped with VERS and tested using Option 2, a secondary dehumidificapanity measurement is required for
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all dehumidification tests. Match of capacity measurements is required only for Standard Rating Condition A. A
secondary dehumidification capgcmeasurement is not required for EDOAS units equipped with VERS thattea
tested using Option 1.

C5.1.1 The cooled condensate that drains out from the condensate collection pan shall be collected into a tank
with sufficient capacity. For units that use condensate collected from the dehumidification coil to enhance
condensecooling and units that include acondary dehumidification process for which the moisture removed
from the Supply Air is not collectable in liquid form, conduct a separate test making both primary and secondary
MRC measurements using Standard Ratingd@imm A for which the condensate mot transferred to the
condenser or the secondary dehumidification process is deactivated to verify dehumidification capacity.

C5.1.2 Measurement of the Weight of the Collected Conden3éie weight of the tank useéd measure the
collected condensaghall be recorded before and after the test before and after condensate is collected in
the tank) using a weighing scale with accuracy o¥%adf the total condensate mass.

Calculation of Moisture Removal CapaciMRGeconparyis calculated based on the following equation:
0o — C5

C5.2 Heating Capacity Verificationor all DX-DOAS Units that are not equipped with VERS, aDX-DOAS

units equipped with VERS that aested using Option 2, acsndary heating capacity measurement is required for all
heating testsexcept as indicated iBection C5.2.1Match of capacity measurements is required only for Standard
Rating Condition E. A secondary heating capacity measemei not required faDX-DOAS units equipped with

VERS that are tested using Option 1. The secondary measure of total heating capacity shall be performed using the
Outdoor Air enthalpy, refrigerant enthalpy, compressor calibration, or outdoor liquitéstaihethods (as applidap

per Sections 7.3, 7.4, 7.5, 7.6 and 8.6 of ANSI/ASHRAE 37, respecthlstyrefer to Table 1 (except for indoor air
enthalpy method and Cooling condensate and indirect airflow measurement) of ANSI/ASHRAE Standard 37 to
detemine applicable test mettis.

C5.2.1 Secondary measurement of heating capacity is not required on single paclsagecgitheat pumps

with a certified Supply Airflow rate greater than 1600 scfm. (b) Secondary measurement of heating capacity
is requiredonly for Standard Rating Condition Brfsinglepackage aisource heat pumps with a certified
Supply Airflow Rate less than or equal to 1600 scfm.

C5.2.2 Where ANSI/ASHRAE Standard 37 indicates that evaporator and condenser coils shall be placed in
sepaate chambers (for split systems), st permissible to place both in the same chamber, as shown in
ANSI/ASHRAE Standard 198. The required ducting, temperature measurement, and airflow measurement
shall be carried out in accordance with ANSI/ASHRAE Stech@3.

C5.2.3 Tolerances peci fied for “entering Outdoor Air” in T
be used as operating tolerances for air entering the evaporator coil.

C5.2.4 Outdoor Air Enthalpy Methad/erify the primary test measurementtimed using the Outdoor Air

enthalpy method after first conducting an initial primary test measurement without the esittkodest

apparatus connected to the Outdoor Coil. Use the initial primary test measurement to establish refrigeration
system operatmconditions for the verifition test. Also use the initial primary test measurement to calculate
heating capacity and COP if capacity verification criteria described in Sections C5.2.4.1and C5.2.4.2 are met.
The test without the outdoor aide test gparatus connectedtotheéut or unit 1is called t
air” test. The wverificat tsidetestappamatuscanmnedtaddstcalled thei t h

2

“ducted outdoor ailr test .

C5.2.4.1 Use the requirements as described in 8ac8.6 of ANSI/ASHRAE Standd 37 to
measure refrigeration system operating conditions for the free outdoor air test and to duplicate these
conditions for the ducted outdoor air test, except that (a) pressure measurement rather than
temperature measuremestall be used for any systeusing a zeotropic refrigerant having a
temperature glide in excess of 1 °F at the specified test conditions, and (b) the equilibrium and test
duration requirements of Section @f3this standard shall apply for any free owdair test that is
used tacalculate system heating capacity and COP.
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C5.2.4.2 For the free Outdoor Air test to constitute a valid test for determination of heating capacity
and COP, (1) for the ducted outdoor test, the heating capacity using the Quitdaahalpy method

shall ke within 8% of the primary method heating capacity measurement, and (2) the primary test
method heating capacity measurements of the ducted Outdoor Air and free Outdoor Air tests shall
agree within 2%.

C5.2.5 Outdoor Liquid Cdi Method Use the equationpscified in Section 7.6.5.1 othe Errata Sheet to
ANSI/ASHRAE Standard 37 when using the outdoor liquid coil method for heating capacity measurement.

C5.26 Adjustment to ASHRAE 37 Calculation of Secondary Capacity for OutdioBnthalpy Method and
Outdoor Liquid Coil MethodRather than using:Eotal power input, to adjust the measured outdoor coil load
to obtain heating capacity, use the outdoor capacity method power calculated as follows.

0 0 0 0 O D (o3}

Where

Pc is the compressor power input;

Pcp is the condenser fan or onboard pump power input;

Psris the supply fan power input;

Per is the exhaust fan power input; and

Feris equatto:

e 0, zero,for DX-DOAS with VERS where the exhaust fan is downstream of the VERS

e ¢g heating mode sensible effectiveness of the VERIDX-DOAS with VERS where the exhaust fan is
upstreanof the VERS and

e 1, 0ne, for reliefir-cooled DXDOAS.

C6 Calculate the Supplementary Heat penaltyp OQ® 0 0 Q¢ Gont Ottle  Supplementary  Cooling
Penalty® 6 € € & U 'Qgexpoessed in W, as follows:

C6.1 Supplementary Heat Penalty (falk< 70°F, otherwise W HeatPenalty 0)

W HeaPenalty, = — h c7
R QUMW @ xXTO "Yj c8
O TT T T IO C9

C6.2  Supplementary Cooling Penalty (éalx> 75°F, otherwise W CoolPenalty 0)

W CoolPenblyy = —8“ C10
R OUMTIXW o Yy X0t

clu
O TT T8 T IO C12

Where:

0.24 = Specific heat of dry air, Btu/(Ib-°F)

0.444 = Specific heat of waterapor, Btu/(Ib-°F)

1.0 = Supplementary heat COP (electric resistance heat)

3.412 = Conversion factor to Btu/h from VBased on electric resistance heal

13.0 =based on a 13.0 EER specified as the minimum efficitaroyatersource heat pumps ASHRAE
Standard 902016,

45



AHRI Standard 920 (1-P)-2020

APPENDIX D. MRE AND COP WEIGHTED AVERAGE
CALCULATIONS - INFORMATIVE

D1 Example CalculationsThis appendix contains informative examples that help explain the procedures for calculating a
weightedaverage MRE and COP if the Sy Air dew point temperature for dehumidification mode or the Supply Air dry

bulb temperature for heating mode, respectively, cannot be controlled within the specified test condition tolerances. This
appendix is not meand replacerequirements in Sectionsd%and 6.1 for both MRE and COP, and illustrates the calculation
MRE, and COP, ISMRE2, and ISC@P

D2 MRE Weighted Average Exampl&his Section provides examples of using the weighted average method to determine
MRE values forcases in which the dew point temperature cannot be controlled within the specified test condition tolerance of
the target value for any available compressor stage or variable load level.

D2.1 Example 1. Single Package EDOAS Unit with Cycle Reat - Proportional Capacity Control: Lead
Proportional Capacity Compressor, Lag Staged Capacity Compressor.

In this example, Standard Rating Condition C is tested twice at different steps of unloading since no available step of
unloading can meet the Supir Dew Point Temperature of Standard Rating Condition A withih3 °F. Tested
values used for performing the calculations are shown in Table D1.

Table D1. MRE Weighted Average Calculation Example 1; Tested Values
Measured M d Measured f Moisture| Measured| M d
) Measured . €asured | yymidity | Supply Air | supply Air easure
Staged | Proportional g, | Supply Supply Air Dry | Supply Air | Ratio of Dry Bulb D " | Removall  Total Moisture
i i i : i 3 Ib . ew Point | canacity|  Power
Test| Rating Capmacity Capacity | airflow Airflow Bu Wetbulb Supply Ar | T 2 pacity Removal
" Temperature emperature| Temperaturg 1 Input -
# | Condition| Compressoj Compresso ) (Qsa), emperal Temperature W (MRC ) p Efficiency
©On/off) | (30100%) | (AN | “sefm | (Tsameasureh , tWsa) (Tsa), o , ®r), | (MRE),
cfm °F °F bwaler F Ib/h W Ib/kWh
vapo”bdry air
1 A On 100% 2,049 | 2,000 75.0 61.0 0.008228 74.8 52.1 76.91 | 17570 4.38
2 B On 60% 2,049 | 2,008 73.0 60.4 0.00830 72.9 52.3 68.22 | 14,070 4.85
3 c On 30% 2,049 | 2,029 68.0 57.4 0.007614 68.0 50.0 47.02 | 10260 N/A
4 C Off 100% 2,049 | 2,013 71.0 60.5 0.008829 71.0 54.0 35.67 | 8340 N/A
5 D Off 55% 2,049 | 2,038 65.0 57.3 0.008243 65.0 52.1 1364 | 5870 2.32
Notes:
1. Moisture Removal Capacities are calculated in accordance with Sg&tion
2. The Supply Aidry bulb Temperature is adjusted for duct heat gaswlim accordance with Secti6ril.4
3. Supply Airflows in terms of Standard Air are calculated in accordance with S6ctidrll.

D2.1.1 Calculation of MRE

Test 1 at Standard Rating Condition A resulted in a Supply Air Dew Point Temperaturd 6F5&quiring

all part load dehumidification test points to be tested and/or rated to a Supply Air Dew Point Temperature
between 51.8 °F and 52.4 °F. Test 2 fam@ard Rating Condition B and Test 5 for Standard Rating Condition

D are within this rang, thus the Moisture Removal Efficiencies can be calculated directly using the
measurements for the single test conducted for each of these Standard Rating Conditions

Due to compressor capacity control limitations, thee D®AS unit was unable to produttee required Supply

Air Dew Point temperature at Standard Rating Condition C within the required tolerance. The target Dew Point
was bracketed with tests at the neBgpply Air Dew Point Temperatures above and below the required range
based on the ailable compressor capacity contrdksts4 and 3, respectively). To determine the MRE rating

for Standard Rating Condition C, the weighted averaging process deskrilSetttion 8.1 is used and
demonstrated below.

D2.1.1.1 Calculate the Averaging Wits; weight ac for Test 4 and ac for Test 3
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D2.1.1.3 Calculate the Weighted Average MorstiRemoval Capacity (MR(,d, Ib/h.
D'Y6 1 O 0YE O 0YE mMWnwady M@ o Brc TN ATE

D2.1.1.4 Calculate the Moisture Removal Efficiency (MjREb/kKW-h.
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D2.1.2 Calculation of MREp .

0 YO

For the MREoxand ISMREZ, rating conditions the Supplementary Heat required to provide a SuppdyyAir
bulb Temperature of 70 °F needs to be assessed for Tests 3 &edtton C6 describes the calculation of the
Supplementary Heat penalty and the calculations for Exampledearenstrated below.

D2.1.2.1 Calculate the Specific Heat of Supply Ai4g8, Btu/lkya°F.
D2.1.2.1.1 Test3
&Jﬁ T m 1T 1w TRT TMTUBITTY QPR T 0T
D21.2.1.2 Test5.
QOp TT M T 10 TMT M TUBRNTYC TR T 0 X
D2.1.2.2 Calculate the Supplementary Heating Capacity Requiaedy), Btu/h

D2.1.2.2.1 Test 3.

N eTOBIx W Ty xme Y o
. " 00
eI MO 1 aOx 1T @ Y THTT

D2.1.2.2.2 Testbh.
N & OB W Ay xme Y o
SN oYe!

QTOBIX & TR T O T QU PP XA

D2.1.2.3 Calculate the Supplementary Hearialty,(W HeatPenalty), W.

D2.1.2.3.1 Test 3.
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U | N thtt .
W O0QwWoOLQE wa 0w plo 6
o8 pg 08 pg¢

D2.1.2.3.2 Test5.

R ¢ W pPIDXX -
®WwO0QwoULQE WA 0 & ol
o8 pg 08 pg TXx®

Note: The averaging weights and weighted average Moisture Removal Capacity from the
MREc calculation above remain the same for the MiRfealculation. However, the
Weighted Average Power needs to be recalculated to account for the Suppigideata
Penalty.

D2.1.2.4 Calculate the Weighted Average Power InfBip avg,9, W.
05 5 Of WOEEADQE CODDODO 0 QE OAG W
Ofpr Opp WOEEADQE N ODOOVQE GO0 W
O0p fp MuUoeUotnn T T o TWwipfRenn m ponow wwot
D2.1.2.5 Calculate the Moisture Removal Efficient§ at Condition C(MRE c), Ib/kW-h.

pnngt)ii)'Yé p pnn%)—d)ﬁrﬁ)i ATE

i ATE7OE
0 YO - - WBo0 <7 d AT o)

D2.1.2.6 Calculatethe Moisture Removal Efficiend0 at Condition D(MRE p), Ib/kW-h.,

7
pnTEH?Z}Z#
- 2% —— —
Op Or 7#1O0AT Al DUABAT Al OU
prERD @ & i A
- 2%

v X T T ofg X @7 pa("m

D2.1.3 Calculation of ISMRE and ISMRE2.

Thevalues shown Sections D2.1.3.1 and D2.1.3.Zaleulated using Equatiod® and41in Section 6.3.
D2.1.3.1 Calculate ISMRE2b/kW-h.
OYOYOOLYOO®T OYOOW®wT OYOOdww O'YOI® o
oYY TdPHT PUOBT 18OV W BQOQWHPo &8 ATETE
D2.1.3.2 Calculate ISMREZ, Ib/kWh.
) 3-2%GC-2% T -2% T -2%IWw -2% IPo
ISMREZ, T @D®T TPOWT PUD W p8 dPpo 19l A7E

D2.2 Example 2. Single Package EDOAS Unit withRefrigerant ReheatStaged Capacity Control: lead/lag Staged
compressors.

In this example, Standard Rating Condition B is tested twice at different steps of unloading since no available step of
unloadng could meet the Supply Air dew point temperatur&®afing Condition A within +/0.3°F. Additionally at
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Rating Condition D the DXDOAS unit overdehumidified the Supply Air to a Supply Air Dew Point below Standard
Rating Condition A and is adjustedaocount for cyclic degradation. Tested values usegdidorming the calculations
are shown in Table D2.

Table D2. MRE Weighted Average Calculation Example 2; Tested Values
Measured
Humidity ) Measured
Lead Lag Staged Measured SUppIy Measure-d Measure,d Ratio of SUPDW Air Supply Air | Moisture Measured Moisture
Staged ; | . 3| Supply Air | Supply Air | Dry Bulb R | Total
' . Capacity | Supply | Airflow Dry Bulb Supply y Dew Point | Removall Removal
Test | Rating Capacity irfl ry Bu Wetbulb : 2 B ower -
" Compressp| Airflow (Qsh) Air Temperature | Temperaturg Capacity Efficiency
# Condition | Compressol » | Temperature| Temperature o 1 Input
p (On/Off) | (QmsA), | scfm o (Wsh), (TsA) °F (MRC)", (MREy),
(On/off) (TSAmeasure) F : 1), Ib/kwh
cfm op Ibwater vapor °F Ib/h W
/|bdry air
1 A On On 2,049 2,000 75.0 61.0 0.008229 74.8 52.1 76.91 17,640 4.36
2 B On On 2,049 2,031 68.0 56.0 0.006800 67.9 47.0 82.84 16,360 N/A
3 B On Off 2,049 1,998 73.0 65.0 0.011357 72.9 60.8 40.43 9,420 N/A
4 Cc On Off 2,049 2,023 69.0 58.7 0.008171 69.0 51.9 41.85 9,500 4.40
5 D On Off 2,049 2,032 67.0 57.2 0.007729 67.0 50.4 18.32 6,640 N/A
Notes:
1. Moisture Removal Capacity is calculated in accordance with Sekcfion
2. The supply air dry bulb temperature is adjusted for duct heat gain/loss in accordance with6Skdti®n
3. Supply Airflows in terms of Standard Air are calculated in accordance with Séctiénl.1

D2.2.1 Calculation of MRE

Test 1 aStandard Rating Condition A resulted in a Supply Air Dew Point Temperature of 52.1 °F requiring all
part load dehumidification test points to be tested and/or rated to a Supply Air Dew Point Temperature between
51.8 °F and 52.4 °F. Test 2 for StandardiRp€ondition C was within the allotted tolerances and the as tested
Moisture Removal Efficiencies can be used for Conditions A and C.

Due to stage compressor capacity control limitations, theD@AS unit was unable to produce the required
Supply Air DewPoint Temperature at Standard Rating Condition B and was bracketed with tests at the nearest
Supply Air Dew Point Temperatures above and below the required range based on the available compressor
capacity control. Tests 3 and 2 represent these tegisctiegly. To determine the MRE rating for Standard
Rating Condition B the weighted averaging process descrilf#ekiion6.9.1 is used and demonstrated below.

D2.2.1.1 Calculate the Averaging Weights; Weight#or Test3 and a s for Test4.

W TSI Y CrEx 1T @ Y TTTT

W W p 0o ﬂ8IppGUTIﬁIH(deHTﬁ[8ypO

8 -
=y
p=x

Wp P W p TWPpOTHYX
D2.2.1.2 Calculate the Weighted Average Power IngBfyqg W.

0 | W Gﬁ 3 0)088&6(2@0.)0.)900
Opr WOEEADQE VOO W

0 s ™Mpodi¢gnmn M & T™WEXp@eNT T & phHYY
D2.2.1.3 Calculate the Weighted Average Moisture Removal CapdMiCavgs), Ib/h.

DY6 O DYE OpDYE mpasdATE YT ATE
o) ATE

D2.2.1.4 Calculate the Moisture Removal Efficiency at Standard Rating ConditigiMREs),
Ib/KWEh.

0 YO

p Tt DY 5 pmEgERSA ATE .
ab i A 18l ATE7OE
0 j plp Yy
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Note: The results from Condition D need to be adjusted for cgleligadation using the calculations
of 6.9.2.

D2.2.1.5 Calculate the Target Moisture Removal CapadiyRCryp), Ib/h.
0Y6r @mOBIxD ;00 5 ® f)

0YOr @UOBIXD MoOgBIMwy cBImyc g e gl A
D2.2.1.6 Calculate the Load FactqiLF).

W 5 O TBIMwY CTE TP ¢ ¢ W

00 T
W O p TBTﬂwXCTﬂtTIXXCTg v

D2.2.1.7 Calculate the Coefficient of Degradati¢@p,p)
0p p ™MWp 0O p TMWpP T™TY pELYY
D2.2.1.8 Calculate the Moisture Removal Efficien(yIREy), Ib/kW-h.

Given thatPnep= 1,851 W, Pecp=4794 W,

0 "6
VYO ——= = T L T e T
VOD0 00 fp WOEEAULQE W Q W
p RGP &I A I A
0 YO

™ T PSYPth w17 phpud & E7x

D2.2.2 Calculation of MREyx For the MRE7 x and ISMREZ, rating conditions, the Supplementary Heat
Penalty to provide a Supply Adlry bulb Temperature of 70 °F needs to be calculated for Tests 2, 4 and 5.
Section C6 describes thalculation of the Supplementary Heat penalty and the catmsdor Example 2 are
demonstrated below.

D2.2.2.1 Calculate the Specific Heat of Supply At sa, Btu/lby:°F.
D2.2.2.1.1Test 2.
Op TT T T MT MBTIBNTOYTE T O
D2.2.2.1.72Test 4.
OpF MT MTIH ™MT BIIBNTYPYpXTR T OQ
D2.2.2.1.3Test 5.
Op TT M T T M TIBNYXXCTR T OT
D2.2.2.2 Calculate the Supplezntary Heating Capacity Require@@ ), Btu/h
D2.2.2.2.1Test 2.
N F OB W by Ox 1Mt Y

. .~ "00
N & ¢ TOWLX &, MoK, T OX T ¢ RJO Thp g4
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D2.2.2.2.2Test 4.

N @O W oy Ox mt Y

) . " 00
N emOBrX O MO T O T @ W chnp*%—
D2.2.2.2.3Test 5.

N F @B W Aoy Oxme Y

) . " 00
n & ¢TOWIX & MO T O T QX QX6

D2.2.2.3 Calculate the Supplementary Heat Penalty,HeatPenalty), W.

D2.2.2.3.1Test 2.
N thy ¢
wOQ(uouQs(;30(0\.\,08pC o p

V] ED 7(
PO
D2.2.2.3.2Test 4. 3

Gt p Y

. R A
0w 0QOOVLQE Wa 0w L7t
08 p g oﬁpc(p

D2.2.2.3.3Test 5. ) .

S | A opx w .

0w 0QOOVLQE Wa 0w lwu
08 p g oﬁpcp X

D2.2.2.4 Calculate the Weighted Average Power InfBp avg,d, W..

Or Opp Opp ©WOEL£AD0QF QIOONOD Qg GO O W
ih URpp WOEEADQE QN ODDNO 0 QE GAO®

h
h

S: C2
Ca 7

0p h Wpodi¢gnm M M & TWYXp@enNm T poexd pdCE

D2.2.2.5 Calculate the Moisture Removal Efficien(yIREs), Ib/kW-h.

7 L. .

non2#; PpNUnEs &N ATE

P i E7 @t ATE7E
0% n pipgx7

D2.2.2.6 Calculate the Moisture Removal Effio®r70, (MREq o), Ib/kW-h.

- 2%

pT[TEdE)CIU\G
D'\D“ 7 5 A Y A N S AT A
h Op OUj WOEENLQE WAdAXMO L QE WA O W
) a® -
5 o P M TRGHX AL ® aw
0] K ~ v ; g T T~
o 0 Mo QU “Qain

Note: The results from Condition D need to be adjusted to account for cyclic degradation using
calculations found in Section®2. The Target MRC, Load Factor and Coefficient of Degradation
remain unchanged from the MRJp calculation.

D2.2.2.7 Calculate tle Moisture Removal Efficien&0, (MRExp), Ib/kW-h.

Given that Rcp = 1,851 W, Pccp = 4,794 Wand WHeaPenalty = 1,957 W,
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D2.2.3 Calculation of ISMRE2 and ISMRR2

Values in this section are calculatedhgsequationglO and41in Section 6.3.
D2.2.3.1 Calculate ISMREAb/kWth
)3-2%€2%IPT -2%WDT - 2%W@w - 2 %P0
)3-2%THE@PT THODT 18 D w cCOPOHPo & ATETE
D2.2.3.2 Calculate ISMRER, Ib/kWh
) 392 - 2% OHT -2% d@®T -2% dW@w - 2% PO

)3-2%CTAE@HT THOWT POB®w pR)YIPo 181 ATETE

D3. COPRscorxWeighted Average Calculation ExampleBhis Section provides examples of using the weidlaverage

method to calulate CQRopr xvalues in the case that no permanent step of unloading can meet a SugdphpAib temperature
of 70-75 °F.

D3.1. Example 1. Single Package EDOAS unit with Reigerant Reheat Proportional Capacity Controliead
variable capacity compressor, lag staged compressor

In this example Standard Rating condition F is tested twice since a Supply Air dry bulb temperatuf &F cannot
be obtained with the availlcompressor capacity control and requires usiagveighted average method to calculate

COP.
Table D3. COP Weighted Average Calculation Example 1. Tested Values
Measured
Suppl Measured Humidity | Supply Air o ) Measured
) Staged Proportional Measured Y f’Ipr Supply Air Dry Measured Ratio of Dry bulb Liquid | Water Heating Total Measured
Test Rating Capacity Capacity Supply irflow bulb Supply Air Supply | Temperature] Flow | Pressure Capacit)? power | Coefficient of
# Condition | Compresso Compressor Airflow 1 Temperature Wetbulb Air 2 Rate Drop, Input Performance|
(On/Off) (30{)00%) (Qmsn), (Qsn), T ) Temperatue, (Ws) (WF), (A D, (GInp), PT) (cop,
cfm scfm (Tsameasurepy °F SA), (Tsn), gpm psi Btu/h ( y WIW
°F Ibwatervapof °F W
|bdry air
1 E Off 55% 3,200 3,153 72.8 54.6 0.004912 73.1 60 5.01 89,697 7,975 2.61
2 F Off 100% 3,200 3,211 66.4 44.5 0.001256 66.9 60 5.01 173,424 | 12,220 N/A
3 F On 30% 3,200 3,041 95.7 57.2 0.001243 96.5 60 5.01 261,719 | 14,704 N/A
Notes:
1. Supply Airflows in terms of Standard Air are calculated in accordance with Séctiénl.1
2. TheSupply Air dry bulb temperature is adjusted for duct heat gain/loss in accordance with Setibn
3. Measured Heating Capacities are calculated in accordance with Setfion

D3.1.1 Calculation of Pumping EffectPe ), W.

Before the COP values can teeermined, the Water Pump Effect needs to be calculated using the measured
Liquid Flow Rate and measured Water Pressure Drop. For this example, the pumping effect is the same for all
tested conditions and is calculated using equation 3 in Section 6.1.6.4.

0p Ofp ®OO00N 60 om c8iQudip cu clp g
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D3.1.2 Calculation of CORcop x

D3.1.2.1 Calculate the Coefficient of Performan¢€0Pscop,9,W/W.

h h
R a8 p ¢
o w h A 5  ~t~ 3 % o~y .y s »
h 0, 05 ©O0QMO00QE Oao®
Y@ wx
68 BOC__ g

XX vgp T
D3.1.2.2 Calculate‘ the Averaging Weights for Condition F for Tests 2 (@nd 3 (ag).
O hn XWO wpd xvUL
. I ™ GO
Ohh O fn W@ o

Wr

Wp P Op P TEGCOM XT

D3.1.2.3 Calculate the Weighted Average Power for Condition(f&gr), W. When using the
weighted average method, the power calculation does not include a supplementary heating penalty,
even though the supplyaire mperature was |l ower than 70 °F fo

O 5 WROVRR O  @fpO0Rr Vg

h T GCOp @ omehp T ™ xDptxmTchp M) p TG

Ca

D3.1.2.4 Calculate theWeighted Averageleating Capacity for Condition Kgnp, avgiscor,d, Btuh.
Ns n & O N R & O N &R &
Nh r o TC@XDCTM X1 @hpp wp W Y oD
D3.1.2.5 Calculate the Coefficient of Performan¢€ORscor.9, W/W.
N A K puwx Yo

o } a8 p ¢ 08 p ¢
oW h 0 p G g

o) @ Tw
D3.1.3 Calculation of ISCOR, W/W.

OYOP 0 600 fowop 600 FIABTw CHOWP oWE@BIw X ¢

D3.2. Example 2. Single Package EDOAS unit with Refrigerant RehdaBtaged Capacity Control: lead/lag staged
compressors

In this example Standard Rating Conditiors Fested twice since a Supply Airy bulb Temperature of 75 °F cannot
be obtained with the available compressor capacities and requires a weighted avergger €@Hditionally, the
heating capacity for Test 1 must be adjusted since the measureg Sinaily bulb Temperature wagreater than the
allowed Supply Air Drybulb Temperature range (b °F) when operating using the lowesipacity stage.
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Table D4 - COP Weighted Average Calculation Example 2. Tested Values

Measured
Measured idi : Measured
Staged Staged | Measured g ,nn| ure Measured Hum|d|ty Supply Air | Liquid | Water | Heatin | Measured
» } f pply | Supply Air | Ratio of bulb g Total e
Rating Capacity | Capacity| Supply j Supply Air Dry bu Flow | Pressure . Coefficient of
Test Airflow® | Dry Bulb Supply Capacity | Power
Condition | Compressol Compreg Airflow Wetbulb . Temperaturgé| Rate Drop, Performance|
# (Qs), |TEMperatu Air p Input
(On/off) sor (Qusa), | Q). T ) Temperatue, " (Tsw), WP, | @, (anp), Pr) (cop,
(On/Off) ofm scfm  |(Tsa measure, °oF sA), oF gpm psi Btu/h (PT), WIW
°F Ibwatervapof w
|bdryair
1 E On Off 3,200 3,020 96.3 63.4 0.004948 96.8 60 5.01 92,160 14,563 1.62
2 F On Off 3,200 3,211 66.4 445 0.001256 66.9 60 5.01 201,604 12,220 N/A
3 F On On 3,200 2,897 123.3 66.9 0.001285 124.4 60 5.01 181,902 | 23,179 N/A
Notes:

1. Supply Airflows in terms of Standard Air are calculated in accordance with Séctiénl.1
2. TheSupply Air dry bulb temperature is adjusted for theat gain/loss in accordance with Secioh4
3. Measured Heating Capacities are calculateddnrdance with Sectiof.10.

54

D3.2.1 Calculation ofPumping Effect(Pe ), W. Before the COP values can be determined, the Water Pump
Effect needs to bealculated using the measured Liquid Flow Rate and measured Water Pressure Drop, the
Water Pumkffect. For this example, the pumping effect is the same for all tested conditions and is calculated
using equation 3 in Section 6.1.6.4.

O0rp Ofp ®OO00N 60 om c8iudip cu clp g

D3.2.2 Calculation of CORcor x To determine COBcor,s the heating capacity needs to berated to a
supply air temperature of 75 °F according to Sediid®and Tale 11.

D3.22.2 Calculate the Specific Heat of Supply Air for Conditiorfdsss, Btu/lbeAF.
1) 1T T T T TR T M TUBINT WITER T ¢ ¢

D3.22.3 Calculate the Heating Capacity for Condition (§ap,iscor g, Btu/h

s 5 @mUMIXL & xWwo 'Y

Nh h QUMIXWINCMRT(KU TX wp@dorn

D3.22.4 Calculate the Coefficient of Performan¢€ORscor g, W/W.

N h & wi o1
v § _ a8 p ¢ _ _ 08 p ¢
OW  h T, 0006000t (ieem cpne wo PP

D3.22.5 Calculate the Averaging Weights for Condition F for Tests 2 (@nd 3 (ag).

o o} XWwWO pc& xuvu —
" O0hr ORr PCAE Q@

¢
¢

Wp P O P TV TP

D3.22.6 Calculate the Weighted Average Power for Conditio(P&yg,n), W.

0 s ®rO0fr Opr  @rO0wr  0gpg

0 f Mowpliemchphm)y ™MTpcxwchpmny paxe

D3.22.7 Calculate theWeighted Averageleating Capacity for Condition Kgnp, avgiscor,d, Btu/h

N&a r & O N AR A Wi N kA

p=x3



Nh h h TAUPXDCTTT wolpg T p WPt & OTD

D3.22.8 Calculate the Coefficient of Performan€€ORscor,d, W/W.

Pk pwpt o

- a8 p ¢ g8 D ¢ ST

o w ; - ~ an fw
" 0 owxp °F

D3.23 Calculation of ISCOPR, W/W
OY6QO VOO0 Id@p 600 ; IWTw

OVYOD 0 pp Qop oW w PP T
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APPENDIX E. TYPICAL TEST UNIT INSTALLATIONS -
INFORMATIVE

Equipment to Maintain
Outdoor Air Conditions

Equipment to Maintain
Outdoor Air Conditions
(i.e., Outdoor Coil)

L1

Air Condition Measuring Device
(Outdoor Ventilation Drybulb and Wetbulb)

Boost Fan

Control of outdoor ambient wet bulb
is needed only for evaporatively
cooled DOAS units or DOAS units
that use condensed water vapor to
enhance condenser cooling

Plenum Static
Pressure

LT

(optional)

O

Supply Airflow Measuring Device

(—

DX-DOAS
Sampling Tree\ External Static Equipme_nt
Pressure Test Unit
T
Supply Air

S

Typical indoor
Psychrometric
Room can be used.

Air Condition Measuring Device
(Supply Drybulb and Wetbulb)

=

Airflow Balance
Opening

>

Outdoor Air é —
Sampling Trees

Air Condition Measuring Device
(Outdoor Air Drybulb and Wetbulb)

Typical Outdoor
Psychrometric
Room can be used.

Note: The Oversized Plenum design follows specifications prescribed in Appendix C2.5.
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Figure E1. Single Package DX-DOAS Laboratory Schematic (No VERS)
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) - Equipment to Maintain
Eqmpmen‘t to Mal_n_taln Outdoor Air Conditions
Outdoor Air Conditions ) )
(i.e., Outdoor Coil)

Control of outdoor ambient wet bulb is
@ ﬁ Airflow Balance ) | @ ﬁ needed only for evaporatively cooled
Opening DOAS units or DOAS units that use

condensed water vapor to enhance
condenser cooling

Air Condition Measuring Device
(Regeneration Entering Drybulb and Wetbulb)

Regeneration
Entering Air
External Statid Regeneration
Air Condition Measuring Device Pl Stati | — Inlet
ilati lenum Static
(Outdoor Ventilation Drybulb and Wetbulb) Pressure /
Boost Fan —— -
(optional) T | [coiniosmrommoongd e T |
DX-DOAS =
Extgrnal Static Regeneration Equipment = 1
< | Pressure Outlet Test Unit — .
f O > Supply Air 1

< Air Condition Measuring Device —

- R . (Supply Drybulb and Wetbulb)
Supply Airflow Measuring Device Outdoor Ar L
Sampling Trees

Air Condition Measuring Device
(Outdoor Air Drybulb and Wetbulb)

Typical Indoor
Psychrometric
Room can be used.

Typical Outdoor
Psychrometric
Room can be used.

Note: The Oversized Plenum design follows specifications prescribed in Appendix C2.5.

Figure E2. Single Package DX-DOAS with Desiccant Wheel Laboratory Schematic (No VERS)
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Equipment to Maintain
Return Air Conditions

Equipment to Maintain
Outdoor Air Conditions

L1

Sampling Tree External Static

L 1T

[ ™

Al

Outdoor Air
Sampling Trees

Supply Airflow Measuring Device Air Condition Measuring Device \

(Supply Drybulb and Wetbulb)

IR0 5ol

\

Return Airflow Measuring Device

=
>

4

(o [NIOTE ™

Air Condition Measuring Device

(Return Drybulb and Wetbulb)

External Static

Airflow Balance
Opening

hood

Ventilation Air

Outdoor

DX-DOAS
Equipment
Test Unit

5

\hood

=y

xhaust
Air

Air Condition Measuring Device
(Outdoor Air Drybulb and Wetbulb)

In case of a Closed Loop Enthalpy type
arrangement by injecting moisture to Outdoor
Ventilation, Outdoor Ventilation and Exhaust

should follow plenum design specifications
prescribed in Appendix C2.5.
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Figure E3. Single Package DX-DOAS Unit with VERS (Option 1 —2 Rooms)
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Note: The Oversized Plenum design follows specifications prescribed in Appendix C2.5.

to Maintain Outdoor Air

Equipment

Conditions

A third room can be used for Outdoor
Conditions to avoid the need to maintain
humidity conditions in the main outdoor room
depicted with a DOAS unit.

3

[Ty uonejnuap

Air Condition Measuring Device

(Outdoor Ventilation Air Drybulb and Wetbulb)

L 1r

Airflow Balance
Opening

Ik
Y

Supply Airflow Measuring Device

Plenum Static

PressureW

Oversized

(]

External Static

Qutdoor Air
Sampling Trees

@ =

Supply Air

(—

=

Return Airflow Measuring Device

Air Condition Measuring Device
(Supply Drybulb and Wetbulb)

Sampling Tree\

Return Air

—)

4@

L

Air Condition Measuring Device
(Return Drybulb and Wetbulb)

<=
17

DX-DOAS
Equipment
Test Unit

External Static
;1 Pressure @xhaust

\hood

Air

Typical Outdoor
Psychrometric Room
can be used.

L&D

Air Condition Measuring Device
(Outdoor Air Drybulb and Wetbulb)

4 1r

Control of outdoor ambient
wet bulb is needed only for
evaporatively cooled
DOAS units or DOAS units
that use condensed water
vapor to enhance
condenser cooling

Equipment to Maintain
Return Air Conditions

Equipment to Maintain
Outdoor Air Conditions
(i.e., Outdoor Coil)

Figure E4. Single Package DX-DOAS unit with VERS (Option 1 — 3 Rooms)
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Note: The Oversized Plenum design follows specifications prescribed in Appendix C2.5.

Equipment
to Maintain Outdoor Air
Conditions

A third room can be used for Outdoor
Conditions to avoid the need to maintain
humidity conditions in the main outdoor room
depicted with a DOAS unit.

Boost Fan
(optional)

AL
Y

Supply Airflow Measuring Device

Plenum Static
Pressure

External Static

1Y/ UOIe|RUSA

Air Condition Measuring Device
(Outdoor Ventilation Air Drybulb and Wetbulb)

DB[]]

Regeneration

‘\Emering Air

Air Condition Measuring Device
(Regeneration Entering Air Drybulb and Wetbulb)

L 1r

Airflow Balance
Opening

.

=

Return Airflow Measuring Device

(o

Return Air

—

3
=

L1

Air Condition Measuring Device
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Figure E5. Single Package DX-DOAS with Desiccant Wheel (Option 1 —3 Rooms)
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Figure E7. Relief-Air-Cooled DX-DOAS with or without VERS (Option 1)
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APPENDIX F = UNIT CONFIGURATION FOR STANDARD
EFFICIENCY DETERMINATION — NORMATIVE

F1  Purpose. The purpose of this appendix is to prescribe the requirements for the configuration of a unit to be used for
determining the Moisture Removal, Heating Capacityd efficiency miics at Standard Rating conditions. Certain
requirements reduce burden by streamlining the amount of testing manufacturers need to do to rate their products.

F2  Configuration Requirementsor the purpose of Standard Ratings, unitd bleatonfigureddr testing as defined in this
Appendix.

F2.1  Individual Model An Individual Model means a model distributed in commerce with a unique model number.

F2.2  Basic Model A Basic Model means all units manufactured by oraufacturer within a single equipnten
class; with the same or comparably performing compressor(s), heat exchangers, ventilation energy recovery system(s)
(i f present), and air moving system(s); and with a <co

F2.3  All components indicated in SectioR2.3.1throughF2.3.8 shall be present and installed for all testing, and

shall be the components distributed in commerce with thelndividual models that contain/use (different or alternate)
versions of the sameomponent shall either be represensegarately as a unique basic model or certified within the
same basic model based on testing of the least efficient configuration. Any electric resistance heat coils used for primary
or supplementary heating shall ale® present and installed for testindividual models distributed in commerce with

these components. Any VERS and exhaust/return air fan/motors shall also be present and installed for testing individual
models distributed in commerce with these components

F2.3.1  Supply Air filter(s). Tte filter shall have a specification no less than MERVI& lowestMERV
filter distributed in commerce with the DOAS model may be used if it exceeds MERYV 8.

F2.3.2 Compressor(s)

F2.3.3  Outdoor coil(s) or heaxchanger(s)

F2.3.4  Outdoor coil fan(s)/matr(s) (aircooled and aisource systems only)

F2.3.5  Conditioning cail(s)

F2.3.6  Refrigerant expansion device(s)

F2.3.7  Supply/outdoor ventilation fan/motor(s)

F2.3.8  System controls
F2.4  Optional System FeaturesThe following features are optionduring testing. Individual models with these
features may be represented separately as a uBagieModelor certified within the samBasicModelas otherwise

identical individual modelsri t hout t he feature BasicrlModelant to the defini

If an otherwise identical model (within the same Basic Model) without the feature is distributed in commerce, test the
otherwise identical model.

If an otherwise identical model (withinghsame Basic Model) without the feature is not distributecbmneerce,
conduct tests with the feature present but configured aiadtidated so as to minimize (partially or totally) the impact
on the results of the test. Alternatively, the manufacton@y indicate in the supplemental testing instructions (STI)
that the test shall be conducted using a speelalijt otherwise identical unit that is not distributed in commerce and
does not have the feature.
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F2.4.1 Dampers.

F2.4.1.1  Return andExhaust DampersAn automatic system that enables a-DRAS Unit to

suppy and use some Return Aeven if an optional VERS is not utilizeth reduce or eliminate the

need for mechanical dehumidification or heating when ventilation air requirementssarth&n
design. Such dampers may provide significant energy efficisnpyovements on an annualized
basis, but are also a function of load conditions, and are not considered in the MRC, MRE, ISMRE2,
COP, ISCOR, or any-70 metric. All Standard 920-@) Ratings shall be based on 100% Outdoor

Air. All dampers that allow teirn air to pass into the supply airstream shall be closed and sealed using
tape or equivalent means to block any leakage. Exhaust air dampers of DOAS units with VERS shall
be open—gravity-dampers activated by exhaust fan discharge airflow shall be allowvegen by

action of the exhaust airflow.

F2.4.1.2 VERS Bypass DamperAn automatic system that enables a-DRAS Unit to let
outdoor ventilation air and return air bypass the VERS when preconditioning of outdoor ventilation is
not beneficial. Such dmpers may provide energy efficiency improvements on an annualized basis,
but this is also a function of regional ambient conditions and is not considered in the ISMRE2 metric.
If an otherwise identical individual model without VERS bypass dampers igligioibuted in
commerce, test with the VERS bypass dampers installe@éd;lasd sealed using tape or equivalent
means to block any leakaddowever, VERS bypass dampers may be opened if necessary for testing
with deactivated VERS for Standard Rating Gtiod D.

F2.4.1.3  Fire/Smoke/lsolation Dampers damper assembly ingling means to open and close

the damper mounted at the supply or return duct opening of the equipment. Such a damper may be
rated by an appropriate test laboratory according tappeopriate safety standard, such as UL 555 or
UL555S. If an otherwise dentical individual model without fire/smoke/isolation dampers is not
distributed in commerce, fire/smoke/isolation dampers shall be removed for testing. If it is not
possible to rmove such a damper, either test with the damper fully open or buildsireeh tetherwise
identical unit without such a damper.

F2.4.2 Furnaces andsteam/Hydronic Heat Coil§urnaces an8team/Hydronic Heatoils used to provide
primary or supplementgr heating. If an otherwise identical individual model without furnaces or
steam/hydronic heat coils is not distributed in commerce, test with the coils in place, or build and test an
otherwise identical unit without such coils.

F2.4.3 Power Correction @pacitors A capacitor that increases the power factor measured at the line
connection to the equipment. These devices are a requirement of the power distribution system supplying the
unit. Power correction capacitors shall not be present for testing.

F2.4.4 Hail Guards A grille or similar structure mounted to the outside of the unit covering the outdoor coil
to protect the coil from hail, flying debris and damage from large objétzs.guards shall not be present for
testing.

F2.4.5 Ducted Condensd-ans A condenser fan/motor assembly designed for optional external ducting of
condenser air that provides greater pressure rise and has a higher rated motor horsepower than the condense
fan provided as a standard component with the equipniieah oherwise idetical individual model without

ducted condenser fans is not distributed in commerce, test with the ducted condenser fan installed and operating
using zero external static pressure, unless the manufacturer specifies use of an externakstaéapeate

than zero, in which case, use the manufactspecified external static pressure.

F2.4.6 Sound Traps/Sound Attenuato¥n assembly of structures through which the Supply Air passes
before leaving the equipment or through which the retirrfrem the building passes immediately after
entering the equipment, for which the sound insertion loss is at least 6 dB for tHe d@ave band frequency

range.If an otherwise identical individual model without sound traps/sound attenuators istnibutkd in
commerce, removable sound traps/sound attenuators shall be removed for testing. Otherwise, test with sound
traps/attenuars in place or build and test an otherwise identical unit without the sound traps/attenuators.
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F2.4.7 Humidifiers. A device placed in the supply air stream for moisture evaporation and distribTkien.
device may require building steam or watert Water, electric or gas to operatdumidifiers shall not be
present for testing.

F2.4.8 UV Lights A lighting fixtureand lamp mounted so that it shines light on@aeaditioningCoil, that
emits ultraviolet light to inhibit growth of organisms on thenditioningCoil surfaces, the condensate drip
pan, and/other locations within the equipment. UV lights shall not bergrés testing.

F2.4.9 Coated CoilsA ConditioningCoil or OutdoorCoil whose entire surface, including the entire surface

of both fins and tubes, is covered with a thin continuouspawaus coating to reduce corrosion. A coating for

this purpose wilbe defined based on what is deemed to pass ANSI/ASTM B11R8I/ASTM G85 test of

500 hours or more. Except for the coating, the coated coil shall have a design that is identical to that of the
corresponding neroated coil of another individual model hinh the same basic model.

F2.4.10 VERS Preheattlectric resistance, hydronic, or steam heating coils used for preheating outdoor air
entering a VERS. These coils shall not be present for testing.

F2.4.11 High-Effectiveness Indoor Air Filtrationindoar air filters with greater air filtration effeiveness than
the filters used for testing p&ectionF2.3.
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APPENDIX G. VERIFICATION TESTING — NORMATIVE

G1 To comply with this standard, single sample productionfigation tests shall meet the certified Standard
Rating performance metrics shown in TaBiewith the listed acceptance criteria.

Table G1. Acceptance Criteria
Performance Metric | Acceptance Criteria
Dehumidification Metrics
Full Load Moisture Remat Capacity > 95%
MRE > 95%
ISMRE2 0
ISMRE 2, = 90%
Heating Metrics
Full CapacityHeating(gnp,full,x), 95 9
Total Heating CapacitpOAS (Qhp.poas.y) -
COPvoasEe o
CORsossr z 95
ISCOP2 > 90%
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