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IMPORTANT

SAFETY DISCLAIMER

AHRI does not set safety standards and does not certify or guarantee the safety
products, components or systems designed, tested, rated, installed or operated in acq
with this standard/guideline. It is strongly recommended thatiycts be designed
constructed, assembled, installed and operated in accordance with nationally reca
safety standards and code requirements appropriate for products covered b
standard/guideline.

AHRI uses its best efforts to develgpandards/guidelines employing statehe-art and
accepted industry practices. AHRI does not certify or guarantee that any tests conducte
its standards/guidelines will be névazardous or free from risk.

Note:

This standard supersedéliSI/AHRI Standard 42@009
For Sl ratings, see AHRI Standard 421 {30)16.

AHRI CERTIFICATION PROGRAM PROVISIONS
Scope of the Certification Program

This program applies eroduction nedels of Unit @olers, as defined in Section 3ahd meet the following criteria:
e Use refrigerant RIO4A or R507A for Direct Expansion (DX) Coils, or-RL7 for DX and/or liquid overfeed
coils
e Single vertical coilith aluminum fin material
e Horizontal only air flow direction (the air flows to or frotine inlet face of the coil from or to the fan inlet,
with no change in direction)
e Axial fans only

Certified Ratings

The followingcertificationprogram ratings are verified by test:
1. Rated PoweW or hp
2. GrossTotal Cooling Effect, Btu/h
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PERFORMANCE RATING OF FORCED-CIRCULATION
FREE-DELIVERY UNIT COOLERS FOR REFRIGERATION

Section 1. Purpose
1.1 Purpose.The purpose of this staad is to establish for Forcaitculation Freedelivery Unit Coolers foRefrigeration:
definitions; test requirements; rating requirements; minimum data requirements for Published Ratings; marking and nameplate
data; ad conformance conditions.

1.1.1 Intent. This standard is intended for the guidance of the industry, including manufacturers, engineers, installers,
contractors, and users.

1.1.2 Review and Amendmenthis standard is subject to review and amendment as technology advances.

Section 2. Scope

2.1 Scope. This standard applies to factemyade, Forcedirculation, Freedelivery Unit Coolers, as defined in Section 3,
operating with a Volatile Refrigerafed by eithedirect expansioror liquid overfeedat wetandbr dry conditions.

2.1.1 Exclusions.This standard does not apply to

2.1.1.1 Air-conditioning units used primarily for comfort cooling for which testing methods are given in
otherstandards.

2.1.1.2 Unit Coolersoperating atdtent load conditions witRefrigerant &turation Temperature < 32 f&
prevent frost.

2.1.1.3 Unit Coolers installed in or connected to ductwork.
2.1.14 Unit Coolersusing zotropic refrigerants with Gles greater than 2.0 °F

2.1.15 Fieldtestingof Unit Coolers

Section 3. Definitions

All terms in this document follow the standard industry definitions in the current editioRS6fRAE Terminology
(https://lwww.ashrae.org/resourcegublications/freeresources/ashraterminology unless otherwise defined in this section.

3.1 Dew Point Refrigerant vapor saturatioemperature at a speieifl pressure.

3.2 Enthalpy Difference (HD) The difference between the enthalpy of the air entering the Unit Cooler aral¢bkated
enthalpy of saturated air at the Refrigerant Saturation Temperature at tl@&obleit outlet, Btu/lb

3.3 Forced-circulation Freedelivery Unit Coolers (Unit Cools). A factorymade assembly, including means for forced
air circulation and elements by which heat is transferred from air to refrigerant without any element external to the cooler
imposing air resistance. These may also be referred to as Air CoadetsygdUnits, Air Units or Evaporators.

3.3.1 Direct Expansion Unit CoolerA Unit Cooler in which the leaving refrigerant vapor is superheated.

3.3.2 Liquid Overfeed Unit Cooler A Unit Cooler in which the refrigerant liquid is supplied @edrculation
Rategreater than 1.

3.4 Glide. The absolute value of the difference between the starting and ending temperatures othaigserocess
(condensation or evaporation) for a zeotropic refrigerant exclusive of any liquid subawoliaygor superheating.

1
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3.5 Gross Total Cooling Effect (Cooling CapacityJhe heat absbed by the refrigerant, Btu/hThis is the sum of the
Net Total Cooling Effect and the heat equivalent of the energy required to operate the Unit Cooler. Teis butlusensible
and latent cooling.

3.6 Net Total Cooling EffectThe refrigeration capacity available for spaand product cooling, Btu/Ht is equal to the
Gross Total Cooling Effect less the heat equivalent of energy required to operate tGedleit This includes both sensible
and latent cooling.

3.7 Overfeed Ratio The mass ratio of liquid to vapor at the outlet of the Liquid Overfeed Unit Cooler. This may also be
referred to as overfeed rate.

3.8 Published Rating. A statement of the assigned values of those performance characteristics, under stated Rating
Conditions, by which a unit may be chosen to fit its application. These values apply to all units of like nominal sjze and t
(identification) produced by theame manufacturer. The term Published Rating includes the rating of all performance
characteristics shown on the unit or published in specifications, advertising or other literature, controlled by theunganufact
at stated Rating Conditions.

3.8.1 Appication Rating. A rating at conditions other than Standard Rating Conditions

3.8.2 Standard Rating.A rating at one of the Standard Rating Conditions shown in Table 1 that is an accurate
representation of test data.

3.9 Rated Power.
3.9.1 For singlephase motorgotal fan motor input powelV or kW.
3.9.2 For polyphase motors, individual fan motor output po\upr

3.10 Rating Conditions.Any set of operating conditions under which a single level of performance results and which
causes only that level of performance to occur.

3.10.1 Standard Rating ConditionsRating Conditiondisted in Table 1 that can hesed as a basis of comparison
for performance characteristics.

3.10.11 Dry Rating Condition RatingCondition where latent cooling is not present.

3.10.12 Wet Rating ConditionRatingCondition whereboth sensible and latent cooling are present and the
coil surface temperatuise above freezing.

3.11 Recirculation Rab. (Recirculation Rate)The mass ratio of liquid circulated to the amount of liquid vaporized.

3.12  Refrigerant Saturation Temperatur®efrigerant temperature at the Unit Cooler inlet or outlet deternditber by
measuring the temperature at the outlet of thephase refrigerant flow, for a Liquid Overfeed Unit Cooler, or by measuring
refrigerant pressure and determining the corresponding temperature from reference thermodynamic tablemsrfedbat
refrigerant °F. For zeotropic refrigerants, the corresponding temperature to a measured pressure is the refrigerant Dew Point.

313 “Shall” orShghaouol é¢tr. “Should” shall be interpreted as
3.13.1 Shall Where “s h”lils” uosre d“ sfhoarl la mortovi sion specified,
with the standard is claimed.

3.132 Should.“ Should” is wused to indicate provisions which
practice.

3.14  Standard Air Condions. Dry air at 70 °Fand absolut@ressure 29.92 in HgUnder these conditions, dry air has a
mass density of 0.075 Ibift

3.15  SteadyState Conditions An operating state of a system, including its surroundings, in which the extent of change
with time is within thdimits specified in TableC3and C4

2
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3.16  Temperature Difference (TD)The difference between the doylb temperature of the air entering the Unit Cooler
and the Refrigerant Saturation Temperature atittitecooleroutlet, °F

3.17  Test MeasuremenfThe reading of a specific test instrument at a specific point in time. The Test Measurement may
be averaged with other measurements of the same parameter at the same time to determine a Test Reading or averaged ov
the duration of théest to deterime the value for the Test Run.

3.18 Test Reading.The recording of one full set of the Test Measurements required to ass@esftrmance of the test
unit.
3.19 Test Ran. Test Readinggompiled during Unit Cooler operation during which steatite conditions have been

maintained. It shall last for a minimum of 30 minutes with at least 15 consecutive Test Readings, all of which shall comply
with the requirements of Table3l, C2, C3 ard C4. It includes all the information required to determine Unit Cooler
performance at a specific rating condition.

3.20 Test SeriesA group of Test Runs, performed on the same test unit, to determine performance at all required rating
conditions.
3.21  Volatile Refrigerant.A refrigerant which changes from liquid to vapor in the process of absorbing heat.

Section 4. Test Requirements

4.1 Test RequirementsAll Standard Ratings of Unit Coolers shall be verified by tests conducted at Standagl Ratin
Conditions Table 1jn accordance with one of the methods set forth in Appendix C.

Table 1. Standard Rating Conditions

Entering Air Refrigerant Temperature
Condition | Cail rating Dry-bulb Wet-bulb Relative Dew Point Saturation Diffgrence
- - S
Number condition Temperature’F Temp;'e:rature Hunll/;:ilty , Temperaturk °F Temp;eFraturé oF
1 Wet 50 46.1 75 - 35 15
2 Dry 50 - <45 <30 35 15
3 Dry 35 - <50 <20 25 10
4 Dry 10.0 - <46 <-5.0 0.00 10
5 Dry -10.0 - <43 <-25 -20.0 10
Notes:

1. Thecoil Dry Rating Wndition can be confirmed by measuring either the enterindeairpoint or relative humidity
according to the instrumentation requirements of Table ZoihWetRating @ndition relative humidity is for referenc

only.

2. Measured at coil outlet

4.1.1 All regularly furnished equipment that will affect performance shall be in place during the test.
4.1.2 The refrigerant used during the test shall be one that is published for use with the Unit Cooler.
4.1.3 Each Standard Rating test shall be performed at eithétz5fy 60 Hz and at the highest rated voltage as

specified by the manufacturer on the unit or motor nameplate.

4.1.4 Instrumentation Requirement®recision instruments and automated electronic data acquisifigpment

shdl be used to measure and record temperature, pressure and refrigerant flow rate test parameters. The use of
advanced technologies or methods of measurement not described epplandix are acceptable, provided the
accuracy requirements of this appendix are achieved by the alternative method.
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4.1.4.1 Calibration All measuring instruments and instrument systems (e.g. data acquisition coupled to
temperature, pressure, or fl@gnsors) shall be calibrated by comparison to primary or secondary standards
with calibrations traceable to National Institute of Standards and Technology (NIST) measurements, other

recognized national laboratories, or derived from accepted values oélnglysical constants. All test
instruments shall be calibrated annualifyhenever damagedr when the accuracy is called into question.

4.1.4.2 Selection and AccuracyAll measuring instruments shall be selected to meet or exceed the accuracy
criterialisted in Table 2 for each type of measurement.

Table 2. Instrumentation Accuracy

Measurement Medium Minimum Accuracy Instrument Examples
Air dry-bulb Resistancéemperaturaevice (RTD)
Air wet-bulb 1+ 0.10°F thermistor
Refrigerantiquid
Temperature - - -
Refrigerantvapor +0.5°F Specialcalibratedthermocouple
Air Dew Point +0.5°F Chilled mirror hygrometer
Others +1.0°F Liquid-in-glassthermometer
Rela’civeHumidity1 Air * 3 percentagpointsRh Capacitive oresistiveRh sensor

Refrigerant

Pressure correspondingd).2

Transducer

Pressure °F of saturation temperature
Air + 0.05 inches of mercury [Barometer
Flow Refrigerant 1% of reading Massflow meter
Liquids 1% of reading Venturi
Motor Powermeter
kilowattsemperesyoltage
Electrical Auxiliary kilowatt input (e.g| 1% of reading Amp probe
heater) Multimeter
Speed Motor/fanshaft 1% of reading Tachometer
Weight Oil/refrigerantsolution 0.5% of reading Gravimeter ¢cale oranalyticalbalance

Specific Gravity

Brine

1% of reading

Hydrometer

Time

Hourdminutesseconds

0.5% of time interval

Electronicclock

Note:

1. Relative humidity and aidlew point measurements are intended to aonfthe dry coil condition fotestcondition
numbes 2through 5from Table 1

Section 5. Rating Requirements

5.1 Standard Ratings.Standard Ratings shall include Rated Power and Gross Total Cooling Effect established at all
applicable Standard Rating Conditions specified in Table 1.

5.2 ApplicationRatings Application Ratings shall include Rated Power and Gross Total Cooling Effect at conditions

other than Standard Rating Conditions. Application Ratings with Refrigerant Satusan
rated at dry conditions. Applitian Ratings published by the manufacturer shall be clearhtiftl as Application Ratings.

5.3 Tolerances.To comply with this standard, any representative production unit selected at random, wheat tested
Standard Rating Conditionshallhavea Gross Total Cooling Effect not less than®®%f its published Standard Rating and

not exceed 10% of its Rated Power.

4

Te mper at shalldbe

bel c



AHRI STANDARD 420 (I-P)-2016

Section 6. Minimum Data Requirements for Published Ratings

6.1 Minimum Data Requirements for Published Ratinds a minimum,Published Ratings shall include all Standard
Ratings at which the unit will be produced, marketed or sold. All claims to ratings for products within the scopeaofiguid st
shall be accompanied by t he HRItStandard@eOn t” “ RAaltle d liani masc ct oor d aart «
of this standard shall incl uHRd tShandtatde @t ”“ OuWhseirdev etrt
published or printed, they shall include a statement of the conditions at which the eqipiy.

6.2 Required Published Rating#ll published Standard Ratings and Application Ratings shall include:

6.2.1 Modelnumber

6.2.2 GrossTotal Cooling Effect, Btu/h

6.2.3 Temperaturdlifference, °F

6.2.4 Refrigerant designation(s) in accordamdth ANSI/ASHRAE Standard 34 with Addenda

6.2.5 Refrigerant aturationtemperature, °F

6.2.6  Ratedpower, W or hp

6.2.7 Number of motors

6.2.8 Caoil fin density fins per inch orcoil fin spacing Actual fin density or fin spacinghall be within10% of
publishedvalues

6.2.9 Airflow rate, scfm

6.3 Recommended Published Ratindssis recommended that the following data be published in addition to the required
Published Ratings per Section 6.2

6.3.1 Type of defrost
6.3.2  Unit cooler motor current, Ayoltage, V; and frequency, Hz
6.3.3 Defrost heater power, W; and voltage, VUged

Section 7. Marking and Nameplate Data

7.1 Marking and Nameplate DataAs a minimum, the manufacturer name or tradene; model number; refrigerant(s);
current, A; wltage, V; frequency, Hz; and phase shall be shown in a conspicuous place on the unit.

Nameplate voltages for 60 Hertz systems shall include one or more of the equipment nameplate voltage ratings shown in Table
1 of AHRI Standard 110. Nameplate voltades50 Hertz systems shall include one or more of the utilization voltages shown
in Table 1 of IEC Standard Publication 60038.

Section 8. Conformance Conditions

8.1 Conformance.While conformance with this standard is voluntary, conformance shall not be claimed or implied for
products or e qui p mPuipose(Sectiorhl) andcopggBection 23 unléss sudh’product claims meet all of

the requirements of the standamdd all of the testing and rating requirements rmeasured and reportéd complete
compliance with the standard. Any product that has not met all the requirements of the standard shall not referanmce, state,
acknowledge the standard in any writterglpor electronic communication.
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APPENDIX A. REFERENCES - NORMATIVE

Al. Listed here are all standards, handboakd other publications essential to the formation and implementation of the
standard. All references in this appendix are considerpdrasf the standard except where deviations are noted.

Al.1 AHRI Standard 112016 Air-Conditioning Heating, and Refrigerating Equipment Nameplate Voltages,
2016 Air-Conditioning Heating,and Refrigeration Institut®€111 Wilson Boulevard, Suite 508¢lington, VA 22201,
U.S.A.

Al.2 ANSI/ASHRAE Standard 32013with AddendaDesignation and Safety Classification of Refrigera®®d.3
American Society of Heating, Refrigerating, and-8ionditioning Engineers, Inc., 1791 Tullie Circle, N.E., Atlanta,
GA 30329, U.S.A.

Al1.3 ANSI/ASHRAE Standard 41:2013 Standard Method for Temperature Measurem@@l3 American
Society of Heating, Refrigerating, and Adonditioning Engineers, Inc., 1791 Tullie Circle, N.E., Atlanta, GA 30329,
U.S.A.

Al.4  ANSI/ASHRAE Standard 41-:2014 Standard Method for Pressure Measurem2@ii4 American Society of
Heating, Refrigerating, and AConditioning Engineers, Inc., 1791 Tullie Circle, N.E., Atlanta, GA 30329, U.S.A.

Al5 ANSI/ASHRAE Standard 41-2015 Standard Methd for Measurement of Proportion of Lubricant in Liquid
Refrigerant 2015 American Society of Heating, Refrigerating, and-8ionditioning Engineers, Inc., 1791 Tullie
Circle, N.E., Atlanta, GA 30329, U.S.A.

Al.6 ANSI/ASHRAE Standard 41.22013, Standard Methods for RefrigeraMass Flow Measurement Using
Flowmeters 2013, American Society of Heating, Refrigerating, and-8onditioning Engineers, Inc., 1791 Tullie
Circle, N.E., Atlanta, GA 30329, U.S.A.

Al.7 ASHRAE Handbook Fundamenta®913 American Society of Heating, Refrigerating, and-&iwnditioning
Engineers, Inc., 1791 Tullie Circle, N.E., Atlanta, GA 30329, U.S.A.

Al1.8 ASHRAE Psychrometric Analys software Version7, 2016 American Society of Heating, Refrigerating, and
Air-Conditioning Engineers, Inc., 1791 Tullie Circle, N.E., Atlanta, GA 30329, U.S.A.

Al.9 ASHRAE Terminology, https://www.ashrae.org/resourgasblications/freeresources/ashraeterminology,
2016, America Society of Heating, Refrigerating and Abonditioning Engineers, Inc., 1791 Tullie Circle, N.E.,
Atlanta, GA 30329, U.S.A.

Al1.10 IEC Standard Publication 6002009 IEC Standard Voltages2009, International Electrotechnical
Commission, 3, rue déarembé P.O. Box 131CH - 1211 GENEVA 20 Switzerland.

Al.11 NIST Reference Fluid Thermodynamic and Transport PropeREEPROR Version 9.1, 2016 National
Institute of Standards and TechnolpByulder, @ 80303 USA.

APPENDIX B. REFERENCES - INFORMATIVE

B1l. Listed here are standards, handbooks, and other publications that may provide useful information and background but
are not considered essential. References in this appendix are not considered part of the standard.

B1.1 Ammonia Refrigerdon Piping Handbook2014 International Institte of Ammonia Refrigeration, 100orth
Fairfax StreetSuite503, AlexandriaVA 22314, U.S.A

B12 ANSI/ASHRAE Standard 41:9011, Standard Methods for VolatiRefrigerant Mass Flow Measurements
Using Galorimeters, 2011, American Society of Heating, Refrigerating, and-8ionditioning Engineers, Inc., 1791
Tullie Circle, N.E., Atlanta, GA 30329, U.S.A.
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APPENDIX C. METHODS OF TESTING

FORCED-CIRCULATION FREE-DELIVERY UNIT COOLERS

FOR REFRIGERATION — NORMATIVE

Cl. Purpose The purpose of this appendix is to provalenethod of testing for Forcegirculation Freedelivery Unit
Coolers for Refrigeration.

C2. Scope.These methods of testimpply to factorymade, Forcedirculation, Freedelivery Unit Coolers, as defined in
Section 3, operating with a Volatile Refrigerant fed by eitlieact expansion otiquid overfeedat wet and/or dry conditions.

cz1

Exclusions.These methods of testing do not apply to

C21.1  Air-conditioning unitsused primarily for comfort cooling for whictesting methods are given in
other standards

C2.1.2  Unit Coolersoperating atdtent load conditions witRefrigerant &turation Temperature < 32 f
prevent frost

c21.3 Unit Coolers installd in orconnected to ductwork
C2.1.4  Unit Coolersusing zotropic refrigerants with Gles greater than 2.0 °F

C2.15 Fieldtestingof Unit Coolers

C3. Measurements

C31

C3.2

Refer to AHRI Standardt20 Table Zor requiredinstrumentatioraccuracy.
Temperature Measurements
C3.2.1 Temperature measurements shall be made in accord@hcANSI/ASHRAE Standard 41.1.

C3.2.2  Air wet-bulb and drybulb temperatures entering the Unit Cooler shall be measured based on the
airflow area at the point sheasurement. One measuring station is required for eacR @f@He first 100 ft2

of airflow area and one additional measuring station is required for eacR df@iftflow area abovéa0.0 ft2.

A minimum of two stations shall be used and the nurobereasuring stations shall be roeddup to the next
whole number.

C3.2.3 The airflow area shall be divided into the required number of equal area rectangles with aspect ratios
no greater than 2 to 1. Additional measuring stations may be necessargttohimerequirement. The
measuring stations shall be located at the geometric center of each rectangle.

C3.2.4 The maximum allowable deviation between any two air temperature measurement stations shall be
2.0°F.

C3.2.5 If sampling tubes are used, edabe opening may be considered a temperat@asuring station

provided the openings are uniformly spaced along the tube, the airflow rates entering each port are relatively
uniform (£15%) and the arrangement of tubes complies with the location requiseoi€B8.2.3. Additionally,

a onetime temperature traverse shall be made over the measurement surface, prior to the test to assess the
temperature variation and ensure it complies with the allowable deviation specified in C3.2.4. (Refer to
ANSI/ASHRAE Sandard 41.1 for more information and diagrams)

C3.2.6  Refrigerant temperatures entering and leaving the Unit Cool#rh&hmeasured by a temperature

measuring instrument placed in a thermometer well and inserted into the refrigerant streanwellbabaill
be filled with nonsolidifying, thermal conducting liquid or paste to ensure the tempersgusing instrument

7
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is exposed to a representative temperature. The entering temperature of the refrigerant shall be measured within
six pipe diametergpstream of the control device.

C3.3 Pressure Measurement£onnections for pressure measurements shall be smooth and flush within the pipe
wall and shall be located not less than six pipe diameters downstream from fittings, bends, or obs{Refeamt
ANSI/ASHRAE Standard 41.3 for more information and diagrams)

C3.4 Volatile Refrigerant Flow Measurement

C3.4.1 Refrigerantflow meters shall be installednd the flow rate of Volatile Refrigerants shall be
measured in accordance with ANSI/ASHRAE Standard 41.10.

C3.4.11 Refrigerantliquid must be sutzooled both upstream and downstream of the meter to
ensure the liquid remains single phase.

C3.4.12 Refrigerantvapormust be superheated both upstream and downstream of the meter to
ensure the vapor remains single phase.

C3.4.13 Flow meters shall be installed with at least ten pipe diameters upstream and five
diameters downstream of the meter, in strajie free of valves and fittings, or in accordance with

k)

the manufacturer S instructions.

C3.4.14 A direct reading masfow-rate measuring device, such as a Coriolis meter, is the
preferred instrument for measuring the refrigerant flow ré&her flow meters that demonstrate
the capability to measure flow rate with the specified accuracy are also acceptable.

C3.5 Oil-in-Refrigerant Mass Ratio Measuremerithe ratio of oil to refrigerant shall be less tha# by weight.
Unless thesystem desnot contain refrigerantil, tests for oil concentration shall beade a minimum of once per Test
Seriesper ANSI/ASHRAE Standard 41.4

C36 Rated Power Measuremenkrior to conducting &apacity Test Serieshe following shall be measured and
recordel, refer to Section C11.1.

E - Total electrical power input to flamotor(s) of Unit Cooler, W
FS - Fanspeed (s), rpm

N - Number of motors

Py - Barometricpressurein Hg

Taw - Dry-bulb temgrature of air at inlet, °F

Two - Wetbulbtemperature of air ainlet, °F

Vv - Voltageof each phasé&/

For a given motor winding configuratiorhe total power input shall be measured at the highest nameplated voltage.
For threephase power, voltage imbalge shall be no more tha#e2
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C3.7

C4. Unit Cooler General Data The following data shall be recorded, where applicable, for each unit tested, igdiuelin

Measurement IntervalsMeasurement intervals shall be in accordance with Table C1.

Table C1. Test Readings

Minimum Data -
; Minimum Number
Collection Rate, .
Test Parameter . of TestReadings
Test Readings per 7
Hour perTest Ru
Temperature 30 15
Pressure 30 15
Refrigerantmassflow rate 30 15
Testroombarometricpressure 1 1
Fanspeed(s) 1 1
Total electrical power input to fan motor(s) 3 2
Total electrical power input to heater and 3 5
auxiliary equipment

Notes:

1. For calibrated box only (Method 2)

2. Duration of testun shall be a minimum of 30 minutes

units of measurement used.

C4.1

Physical data

C4.1.1  Manufacturer name and address
C4.1.2 Identification number (model/serial)
C4.1.3 Size (extenal dimensions), in X in x in
C4.1.4 Nameplate motor data (for each motor)

C4.1.41 Type

C4.1.4.2 Framesize

C4.143 Power hp

C4.1.44  Speedrpm

C4.1.45 Voltage V

C4.1.46 Amps A

C4.1.47 Phase

C4.1.48 FrequencyHz

C4.1.49 Efficiency( NEMA nomi nal

C4.1.410 Manufacturer

0

r ma farpdlyphase motasr ’ s

C4.1.411 Serialnumber or manufacturer identification number

C4.1.5 Fandata
C4.15.1 Diameter in
C4.1.5.2  Width (centrifugal fans only), in
C4.1.5.3 Speedrpm
C4.1.5.4  Numberof blades
C4.1.55 Manufacturer
C4.1.5.6  Modelnumber or part number
C4.1.5.7 Numberof fans

cert
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C4.1.6  Cooling coil data
C4.1.6.1  Finnedlength, in
C4.1.6.2  Finheight and depth, in
C4.1.6.3  Numberof rows deep
C4.1.6.4  Numberof tubes high
C4.1.6.5 Findensity,fins per inchor fin spacing, mnbased on total fin count
C4.1.6.6 If fins are staged, fidensity per stagdins per inchor fin spacing per stage
C4.1.6.7 Measuredfin material thikness, in{ Note: fin thickness for hot dged galvanized
coils will vary.}
C4.1.6.8  Finmaterial
C4.1.6.9  Finishedfin geometry
C4.1.6.10 Tubematerial
C4.1.6.11 Tubedescription{i.e. outside diameter (or equivalent), enhancenpents
C4.1.6.12 Numberof refrigerant circuits
C4.1.6.13 Coil or fin coatings
C4.1.7  Accessories (e.g. louvers, distributor orifice, grills)

C4.2  Specific to the test

C4.2.1 Test location, test company and address

C4.2.2 Method of test

C4.2.3 Date and time of Test Run

C4.2.4 Names of observersresponsible engineers and all data takers

C4.2.5 PublishedGross Total Cooling Effect at Staamdl Rating Conditions, Btu/h
C4.2.6 Refrigerant

C4.2.7 RecirculationRatio (Method 3)- manufacturer specified

C4.2.8 Refrigerant flow ratelbm/h (Method 3)- manufacturer specified

C5. Methods of Testing The Gross Total Cooling Effect of Unit Coolers shall be determined by one of the following
methods.In all methods, the reported Gross Total Cooling Effgcshdl be the average dfvo independent determinations.

C5.1 Method 1, DXDual Instrumentation The Cooling Capacity shall be determined by measuring the enthalpy
change and the mass flow rate of the refrigerant across the Unit Cooler usingéwendent measuring systersee
Figure C1

C5.2 Method 2 DX Calibrated Box. The Cooling Capacity shall be determined concurrently by measuring the
enthalpy change and the mass flow rate of the refrigerant across the Unit Cooler and the heat input to the calibrated box
see Figure C2

C5.3 Method 3 Liquid Overfeed The Cooling Capacity shall be determined by measuring the enthalpy change and
the mass flow rate of the refrigerant across the Unit Cooler and also measured with a condenser cal@hmeter.
refrigerant outlet pressushall be measured and the corresponding Refrigerant Saturation Temperature shall agree with
the measured taperature within 0.2 °FTheRecirculationRatio andrefrigerantflow ratethrough Unit Cooleshall be
specified by the manufacturesee Figure C3

C6. TestChamber DimensionsThe Unit Cooler sall be installed in a room of sufficient size to avoid airflow restitt
or recirculation such that:

C6.1 No obstacle is positioned within a distance2¥ AB from the discharge of the Unit Cooler, where A and
B are he air inlet dimensions, jperfan section of the Unit Cooler

C6.2 All other distances correspond to the minimum requirements of the installation instructions provided by the
manufacturer

C6.3 Theminimum volume, f, of thetestchamber shall be 2% of the airflow rate, ffmin produced by the Unit
Cooler together with all auxiliary air moving devices that operate samedtusly with the Unit Cooler.
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C7. General Test ConditionsTestacceptance criteria listed in Tables, CB3and C} apply to all methods of test:

Table C2. Additional Test Conditions
Method C,\?Sgitt,igp Inl‘.at Saturation Temperaturé® Inlet Subcooling®F | Outlet SuperheafF
Excluding R717 R-717 only
1,2 All 105 95 15 6.5
1 40 40 3 -
2 40 40 3 -
3 3 30 30 3 -
4 7.0 7.0 4 -
5 -10 -10 6 -
Table C3. Test Condition Tolerances
Test Condition Stability Over Test Run Alllowable Deviation of Average '_I'est
Variable Description Duration °F emperatt&rgf;g:)r?;%r;dard Rating
Dry Condition Wet Condition Dry Condition Wet Condition
Dry-bulb Temperature - - +1.0 +1.0
Wet-bulb Temperature - +0.5 - +0.5
Dew Point Temperature - - Note 2 -
Temperaturdifference +0.5 +0.5 - -
Refrigerant Flow Rate +3.0% - -
Note:
1. The Drybulb temperature tolerance is set by the Temperature Difference.
2. The Dew Point Temperature cannot exceed the temperature shown in Table 1

11
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Table C4. Refrigerant Temperature Tolerances

. . Allowable Deviation of Average Test
. o TestTemperaturéBtabcljhty During theTest Temperatures from Standard Rating
VariableDescription Run °F Conditions °F
Methods 1, 2 Method 3 Methods 1, 2 Method 3
Inlet Saturation £5.0 £2.0 £25 £1.0
Temperature
Inlet Subcooling +5.0 +1.0! +2.0 +1.0
Outlet Saturation i i +05 +05
Temperature
Outlet Superheat +15 - +1.0 -

Note:

1. For Test Condition & 2.0 °F

C8. DX Dual Instrumentation Tegtrocedure(Method 1)

C8.1
C8.2
C8.2.1
C8.2.2
C8.3

C8.3.1

Air side (as required for dry or wet coil conditions)

FS -
Pb -
rh -
Tab -
Tap -
wa -

Refrigerant gle

Poa Pon -
P2a,Pay -
toa, ton -
taatn -
Wy1 =
Wy2 =

For each independent refrigerant mass flow measurement at a Dry Rating Condition, calculate the

Data to be Measured and Recorded

Fan speed (s), rpm
Barometricpressurein Hg

Air inlet relativehumidity, %

Dry-bulb temperature of air at in|€tf
Dew point temprature of air at inlet, °F
Wet-bulb temprature of air at inlet, °F

Test Setup and Procedur®efer to Sectiof5,C6, C7 and Figure C1 for specific test setup.

Pressuref subcooledefrigerantiquid entering the expansiomalve, psi
Pressuref superheated refrigerant vapor leaving the Unit Copler
Temperaturef subcooledefrigerantiquid enteing the expansion valve, °F
Temperaturef superheated refrigerant vageaving the Unit ©Goler, °F
Mass flow rate of subcooled refrigerdiguid through M1, Ibm/h

Mass flow rate of subcoolaéfrigerantliquid through M2 orsuperheated
refrigerant vapothroughM2ALT, Ibm/h

Calculations(refer to Section ClLfor calculatedvalues)

Gross TotalCooling Effect, refer to C12.1.

C8.3.2

For each independent refrigerant mass flow measurement at a Wet Rating Cocalitialate the

Gross TothCooling Effect, refer to C12.2.

C8.3.3

12
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C9. DX Calibrated Box Te®Rrocedure(Method 3
C9.1 Test Setup and Procedur®efer to Sectio€5,C6, C7 and Figure C2 for specific test setup.
C9.1.1  Apparatus Setup for Chliated Box Calibration and Test

C9.1.1.1  The calibrated box shall be installed in a temperature controlled enclosure in which
the temperature can be m@imed at a constatevel.

C9.1.1.2 The temperature controlled enclosure shall be of a size that will provide cleasnces
not less than 18 iat all sides, top and bottom, except that clearance of any one surface may be
reducedo not less than 5.5.in

C9.1.1.3 Inno case shall the heat leakage of the calibrated box exc&dBthe Gross Total
Cooling Effect of the Unit Cooler under test. The ability to maintain a low temperature in the
temperature controlled enclosure will reduce the heat leaktgae calibrated box and may extend

its application range.

Co.1.14 Refrigerant lines within the calibrated box shall be well insulated to avoid appreciable
heat loss or gain.

C9.1.1.5 Instruments for measuring the temperature around the outside chlibrated box

shall be located at the center of each wall, ceiling, and #bardistance of 6 iftom the calibrated

box. Exception: in the case where a clearance around the outside of the calibrated box, as indicated
above, is redced to less thab8 in, the number of temperatungeasuring devices on the outside of

that surface shall be increased to six, which shall be treated as a single temperature to be averaged
with the temperature of each of the other five surfaces. Whenetduaoce is redee below 12 in

(one surface only), the temperatureasuring instruments shall be located midway between the
outer wall of the calibrated box and the adjacent wall. The six temperagaguring instruments

shall be located at the center of six rectangs#gtions of equal area.

C9.1.1.6  Heating means inside the calibrated box shall be shielded or installed in a manner to
avoid radiation to the Unit Cooler, the temperatm@asuring instruments, and to the walls of the
box. The heating means shall benstwucted to avoid stratification of temperature, and suitable
means shall be provided for distrtmg the temperature uniformly.

C9.1.1.7  The average air drpulb temperature in the calibrated box during Unit Cooler tests

and calibrated box heat leakage tests shall be the average of eight temperatures measured at the
corners of the box at a distance oih2o 4 infrom the walls. The instraents shall be shielded

from any cold or warm surfaces except that they shall not be shielded from the adjacent walls of the
box. The Unit Cooler under test shall be mounted such that the temperature instruments are not in
the direct air stream from thésdharge of the Unit Cooler.

C9.1.2 Calibration of the Calibrated Box A calibration test shall be made for the maximum and the
minimum forced air movements expected in the use of the calibrated box. The calibration heat leakage shall
be plotted as atraight line function of these two air quantities and the curve shall be used as calibration for
the box.

Cco.1.21 The heat input shall be adjusted to maintain an average box temeperatless than
25.0 °Fabove the test enclosure temperature.

C9.12.2  The average drpulb temperature inside the calibrated Istll not vary more than
1.0 °Fover the course of the calibration test.

C9.1.23 A calibration test shall be the average of eleven consecutive hourly readings when the
box has reached a steashate temperature condition.

C9.1.24 The box temperature shall be the average of all readings after a -stataly
temperature condition has been reached.

13
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C9.1.25 The calibrated box has reached a stestdye temperature condition when:

C.9.1.2.5.1 The average box temperature is not less tharf®Esabove the test
enclosure temperature

C9.1.2.5.2 Temperaturevariations do not exceed PP betweentemperature
measuring stationsind

C9.1.2.5.3 Temperatureslo not \ary by more than 2% at any one temperature
measuring station.

C9.2 Data to be Measured and Recorded

C9.2.1  Air Side (as required for dry coil conditions)

E - Total electrical power input to fiamotor(s) of Unit Cooler, W

FS - Fanspeed (s), rpm

Po - Barometricpressurein Hg

rh - Air inlet relative humidity

Teb - Average drybulb temperature of air with the calibrated box, °F

Tdb - Dry-bulb temprature of air at inlet, °F

Tap - Dew point temprature of air at inlet, °F

Ten - Average drybulb temperature of air withithe temperate controlled
enclosure, °F

Twb - Wet-bulb temperature of aat inlet, °F

C9.2.2 Heatload provided to calibrated box
Ec - Total electrical power input to heateand auxiliary equipment, W

C9.2.3 Refrigerant Side

Po - Pressure of subcoolaéfrigerantiquid entering the expansion valvesi

P, - Pressure of superheated refrigerant vapor leaving the Unit Cpsier

to - Temperature of subcooledfrigerantliquid enteing the expansion valve, °F
to - Temperature of superheated refrigerant vagaving the Unit Cooler, °F
Wy1 - Massflow rate of subcooledefrigerantliquid through M1, lbm/h

C9.3  Calculations (refer to Section C11 for calculated values)
C9.3.1 Calculate the heat leakage coefficienths calibrated bgxefer to C122.1.
C9.3.2  For each Dry Rating Condition, calculate thesiite Grosg otal Cooling Effectrefer to C12.2.2

C9.3.3 For each Dry Rating Condition, calculate the refrigesatié Grosslotal Cooling Effect, refer to
C12.2.3

C9.3.4 Calculate thé&rossTotal Cooling Effectand heat balan¢eefer to C12.2.4and C12.2.5

14
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C10. Liguid Overfeed Testrocedure(Method 3)

C10.1 Test Setup and Procedur®efer to Sectio€5,C6, C7 and Figure C3 for specific test setup.

C10.2 Data to be Measured and Recorded

C10.2.1 Air side (as required for dry or wet coil conditions)

C10.2.2

FS -
Py -
rh -
Ta -
Tal -
Ta2 -
Tab -
Tdp -
wa -

Refrigerantside

Po -
P -

Ps -
Ps -
Po -

P -
Ps -
Py -
Pcl -
Pc2 -
to -
i3 -

tcla, thb -
tha,ICZb -
tS =
Wc -
Wy2 -
Wy3 -

Fanspeed (s), rpm

Barometricpressurein Hg

Air inlet relative humidity %

Local ppe ambient temperature, °F
Condensecalorimder ambient temperature, °F
Liquid/vapor separator ambient temperat@Fe,
Dry-bulb temgerature of air at inlet, °F

Dew point temprature of air at inlet, °F
Wet-bulb temgrature of air at inlet, °F

Pressure of subcooled refrigerant liquid entering the expansion, yave
Pressure of saturated refrigerant liquid/vapor mixture leaving the Unit Cooler
psi

Pressureof refrigerantin liquid/vapor separatopsi

Pressure ofefrigerant entering condenser calorimeesi

Pressure of subcooled refrigerant liquid leaving condenser calorimeter and
entering condensate pupysi

Pressureof subcooledefrigerantliquid leaving condensate pumpsi
Pressure afubcooled refrigerant liquid &ring recirculation pump, psi
Pressuref subcooledefrigerantiquid leaving recirculation pumypsi
Pressuref fluid entering condenser calorimetpsi

Pressuref fluid leavingcondenser calorimetgpsi

Temperature of subcooled refrigerant liquid enigthe expansion valve, °F
Temperaturef saturated refrigerant liquiddpor mixture at outlet, °F
Temperature of refrigerant entegisondenser calorimeter, °F
Temperaturef subcooledefrigerantliquid entering condersge pump, °F
Temperature of subcooled refrigerant liglédving condensate pump, °F
Temperaturef subcooledefrigerantliquid enteing recirculation pump, °F
Temperature of subcooledfrigerant liquid leaving recirculation pums;
Temperature of fluid enterincondenser calorimeter, °F

Temperature of fluid leavincondenser calorimeter, °F

Local pipe refrigerant temperature, °F

Mass flow rate ofluid through M1 entering the condser calorimeter, lom/h
Mass flow rate of subcooledfrigerantliquid through M2 Ibm/h

Mass flow rate of subcooled refrigerdiquid through M3, lbm/h

C10.3 Calculations (refer to Section C11 foalculated values)

C10.3.1

C10.3.2

C10.33

C10.34

C10.35

C10.36

Calculatesystemheat losssor gairs, refer to C123.1.

Calculate the Recirculation Ratio, refer to C12.3.2.

Calculate the condensealorimetercapaciy andmasshalance, refer to C123.1 and C12.3.3.2

Calcuhbte the mdependent Gross Total Coolikffect Dry Rating Conditionrefer to C12.3.3.

Calculate theridependent Gross Total CooliEffect Wet Rating Conditionrefer to C12.3.3.

Calculate the Gross Total Cooliidfect and heat balanceefer to C12.3.3.and C12.3.%.

15



AHRI STANDARD 420 (I-P)-2016

C10.37 Calculate the ystem heat loss or ga@s a percent of the Gross Total CooliBffect, refer to
C12.33.7.

C11. Calculated values Results from these calculat®are required fosection C12.
Cl11.1 Calculating Rated Powdial methods)

C11.1.1 Air Density for Rated Power Test

Determine the test air densitygs) usingdry-bulb temperaturgTq,), barometric pressure {Pand wetbulb
temperaturdTwy) by referencindASHRAE Psychrometric Analysisoftware.

C11.1.2 Rated Powerfor unitswith single phase motars

(EXpsa)

Ptest

C11.1.3 Rated Power, for unitwith polyphase motors

_ (ENen Xp)

Pio = Cc2
e 74dptest)(N)

C11.2 Averagemeasured temperatures

C11.21 Dry-bulbtemperaturdgal methods)

n
ZTdbn
T, =1 C3
db n

C11.22 Wetbulbtemperaturdall methods)

T:1 C4

C11.23 Temperature of subcooledfrigerantliquid entering the expansioralve (method 1)

to — th —;tOb c5

C11.2.4 Temperature of refrigerant vapor leaving the Unit Co@iethod 1)

t,, +1
tzzzasz Cc6

16
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C11.3

Cl14

C11.25 Temperature ofiuid entering and leaving condenser calorimétesthod 3)

., +t
t _ _cla clb c7
cl 2
tc2 — tha ; tch cs8

C11.2.6 Temperature controlled enclosure temperatmethod 2

n
Z Te”n
1
Ty, = T C9
C11.2.7 Calibrated boxeémperaturémethod2)
n
Z chn
1
T = B C10

Average measured pressures

C11.3.1 Pressure of subcooledfrigerantliquid entering the expansion valgeethod 1)

P + P,
PO — Oa 0b C11
2
C11.32 Pressure of refrigerant vapor leaving the Unit Co@ieethod 1)
P, +P.
p=-2_—-%2 5 L C12

Calculated Saturation Temperatures
Cl1.4.1 RefrigerantLiquid Saturation Temperature entering the expansion \alvenethods)

Determine ¢ for Py by referencing thermophysical propertieg¢extsfrom ASHRAEHandbook Fundamentals
or NIST REFPROP

C11.4.2 Unit Cooler Outlet Saturatiohnemperaturerfethods 1, 2)

Determine 4sfor P, by referencing thermophysical propertiesextsfrom ASHRAE Handbook Fundamentals
or NIST REFPROP

C11.4.3 Unit Cooler Outlet Saturatiohemperaturédmethod3) for comparisorio measurecdst

Determine 4sfor P; by referencing thermophysical propertiegextsfrom ASHRAE Handbook Fundamentals
or NIST REFPROP

C11.4.4 Liquid/Vapor SeparatoBaturation Temperatufenethod 3)

Determine 4 for P4 by referencing thermophysical propertingextsfrom ASHRAE Handbook Fundamentals
or NIST REFPROP.

17



AHRI STANDARD 420 (I-P)-2016

C11.5

C11.6

Cl1.7

C11.8

C11.9

C11.4.5 Condenser Calorimeter Saturation Temperatonethod 3)

Determine 4s for Ps by referencing thermophysical propertingextsfrom ASHRAE HandboolFundamentals
or NIST REFPROP.

Liquid subcooling entering expansion val@l methods)

toee = tos —to c13

osc =
Vapor siperheat leaving Unit Coolgmethods 1, 2)

t, =1, -1, Ci4
Enthalpies

C11.71 Air Enthalpiesifethods 1, 3)

Determine enthalpies usindry-bulb (Tq,), barometric pressure {Pand wetbulb (Tw,) by referencing
ASHRAE Psychrometric Analysis software

C11.7.2 Refrigerant Enthalpies

Determine enthalpies for the appropriate refrigetantisingaveragepressure and temperatureasured at
each location and referencitigermodynamic software or textom ASHRAE Handbook Fundamentads
NIST REFPROP

Temperatue Difference Correction Factor

TD ot = Ty —tos (methods 1, 2) C15
LY test — Tdb - t3s (method 3) C16
TD
TD ¢ = (FMJ c17
test

Refer toTable 1 for TDQueqvalues

Air Enthalpy Correction Factofmethods 1, 3)

HDrated = hal - har C18

HDtest = ha2 - hat C19

HDCF — HDrated C20
HDtest

C12. Capacty Calculations for each ethod

Cl21

18
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C12.2

Uin = Wvl(hz - ho)(TDCF)

Uiz = sz(hz - hO)(TDCF)

c21

Cc22

C12.1.2 Independent Measurement Gross Total Codiiffgct Wet Rating Condition

Uiy = Wvl(hZ - hO)(HDCF)

Uiz = sz(hz - hO)(HDCF)

C12.1.3 GrossTotal CoolingEffect

— qtrl + qtr2

Q: >

C12.1.4 Allowable Cooling Capacity datbalance

+5%2M2_5%
d:

Gross Total Coolingeffect— Dry Rating Condition onlyMethod 2)

C12.2.1 Heat Leakag Coefficient of Calibrated Box

K, -341_ ¢

(Ten - ch)
C12.2.2 Air-Side Grosg otal Cooling Effect
Oia = [K cb (Ten - ch) + 34]‘(Ec + E)](TD CF)
C12.2.3 RefrigerantSide Grosg otal Cooling Effect
Q, = Wvl(hZ - hoXTD CF)

C12.2.4 GrossTotal CoolingEffect

Oia + 0y

a; = 2

C12.2.5 Allowable Cooling Capacity heat balance

+5%2M2_5%
a:

C23

c24

C25

C26

c27

Cc28

C29

C30

C31

19
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C12.3 Gross Total CoolingeffectCalculation (Method 3)
C12.3.1 System heat loss or gain

C12.3.1.1 Condenser éatloss or @in
te +t

gy = Ackc[Tal - %} C32
C12.3.1.2 Liquid/vapor separator heat loss @iy

Qs = Asks(TaZ - t45) C33
C12.3.1.3 Piping heat loss or gain

n

qp =Zl:APnkpn(Tan _tsn) C34
C12.3.1.4 Pump heat gain

qcp = WVZ(hY - h6) C3H

qrp = Wv3(h9 - h8) C36

C12.3.2 Recirculation Ratio

RR =(WV3j C37
Wv2

C12.33 GrossTotal CoolingEffect

C12.33.1 Condensecalorimetercapacity
dc :Wc(hcz _hcl) C33
d, :sz(hs _h6)+qcl C39

— sz(hs — h6)+ oY
* (hcz - hcl)

w C40

C12.33.2 Independent GrosBotal CoolingEffect Dry Rating Condition
Qi = Wc(hCZ - hcl)(TD CF)_ (qp +Qs+ qcp + qrp) 41

Qiro = ch(hCZ o hcl)(TD CF)_ (qp +0s+ qcp + qrp) C42
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C12.33.3 Independent GrosBotal Cooling Effect Wet Rating Condition
Oin = WC(hCZ _hcl)(HDCF)_(qp +qs+qcp +qrp) C43

Uiz = ch(hc2 o hcl)(HDCF)_ (qp +0s+ qcp + qrp) c44

C12.334 GrossTotal Cooling Effect

qt — qtrl + qtr2 C45
2
C12.3.35 Allowable Cooling Capacity heat balance
59> 1000 =Gz) 5 gy, ca6
Q:
C12.3.36  Allowable g/stem heat loss or gain
n 5% > 1qucl + qs + qp + QCp + qrp) > _5% ca7
q,
C13. Symbolsand Subscripts

Ac - Surfacearea of exposed external area of the conderaderimeter, ft
A, - Pipesurface aredt?
As - Liquid/vapor separator surface aréa
E - Total electrical power input to famotor(s) of Unit Cooler, W
Ec - Total electrial power input to heateand auxiliary equipment, W
€m - Fanmotor efficiency
FS - Fanspeed (s), rpm
ho - Enthalpyof refrigerant liquid enterignthe Unit Cooler, Btu/lb
h, - Enthalpyof refrigerant leavig the Unit Cooler, Btu/lb
hs - Enthalpyof refrigerant vapor enterg the condenser, Btu/lb
he - Enthalpyof refrigerant liquideaving condenser calorimeter and entgiiondensate pump, Btu/lb
hz - Enthalpyof refrigerant liquid leaving the condsate pump, Btu/lb
hg - Enthalpyof refrigerant liquid leaving the ligdivapor separator, Btu/lb
hg - Enthalpyof refrigerant liquideaving the ecirculation pump, Btu/lb
Na1 - Enthalpyof the air entering the Unit Cooler at StandRiting Conditions, Btu/lb
haz - Enthalpyof the air entering the Unit Cooler &iettest condition, Btu/lb
Nar - Enthalpyof saturated air at Standard RgtRefrigerant Satation Temperature, Btu/lb
Nat - Enthalpyof saturated air at the téRefrigeantSatuation Temperature, Btu/lb
ha - Enthalpyof fluid enteing the condenser, Btu/lb
hez - Enthalpyof fluid leaving the conenser, Btu/lb
HDcr - Enthalpyof air correction factor
HDrated - Enthalpydifference of air aRating Conditions, Btu/lb
HDrest - Enthalpydifference of air aitest conditions, Btu/lb
ke - Conductancef condenser calorimeter insulation, Bt ft2
Keo - Heatleakagecoefficient of calibrated box, Btu/tF
kp - Conductance of pipingisulation Btu/h °F-ft?
ks - Conductancef liquid/vapor separator insulan, Btu/h °F-ft2 add dotdetween symbols
n - Numberof measurement stations
N - Numberof motors
Po - Pressure of subcoolaéfrigerantliquid entering the expansion valfmethod 1 average valygjsi
Poa - Pressuref subcooledefrigerantliquid entering the expansion valvasi
Pob - Pressuref subcooledefrigerantliquid entering the expansion valvgsi
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22

P2
P2a
Pap
Ps
P4
Ps
Ps

P;
Ps
Po
Po
F%l
F%Z
Prmi
Prmo
Oc
qc
Oep
Go
Qrp
Qs
G
Cta
Ctr
qtrl
qtr2

rh
RR
to

th
tob
tOs
tOsc
t2
tza
ton
tzs
tosh
t3
tas
t4s
ts
tSS
ts
t7
ts
to

Ta1
Taz
te1

tc1a
tew

tc2a
te

Pressure of superheated refrigerant vapor leaving the Unit Cooéthod 1 average valyg)si
Pressuref superheated refrigerant vapor leaving the Unit Coplar

Pressuref superheated refrigerant vapor leaving the Unit Coplr

Pressure of saturated refrigerant liquid/vapor mixture leaving the Unit Cqsler
Pressuref refrigerantin liquid/vapor separatopsi

Pressuref refrigerant entering condenser calorimepesi

Pressureof subcooled refrigerartquid leaving condenser calorimeter and entering condensate
pump psi

Pressuref subcooledefrigerantliquid leaving condensate pumpsi

Pressuref subcooledefrigerantliquid entering recirculation pumpsi

Pressuref subcooledefrigerantliquid leaving recirculation pumppsi

Barometricpressurein Hg

Pressuref fluid enteringcondenser calorimeter, psi

Pressuref fluid leavingcondenser calorimeter, psi

Inputrated powerW

Outputrated powerhp

Capacityof the condenser calorimeter calculated fribie nonvolatile side, Btu/h

Heatgain or loss to condensealorimeter, Btu/h

Heatgainfrom condensate pump, Btu/h

Total piping heat loss or gain, Btu/h

Heatgain fromrecirculation pump, Btu/h

Heatgain or loss fromitjuid/vapor separator, Btu/h

Gross Total Cooling Effect, Bth

Air-side Grosd otal Cooling Effect, Btu/h

Refrigerantside Grosg otal Cooling Effect, Btu/h

RefrigerantsideGross Total Cooling Effect established by firslépendent measurement, Btu/h
Refrigerantside Gross Total Cooling Effect established by secodeliandent measurement, Btu/h
Capacityof the condenser calorimeter calculatexhf the volatile sle, Btu/h

Air inletrelativehumidity, %

Recirculation Ratio

Temperature of subcooledfrigerantiquid entering the expaion valve(method 1 average valye)
°F

Temperaturef subcooledefrigerantliquid entering the expansioralve, °F

Temperaturef subcooledefrigerantliquid entering the expansion valvid-

Temperature of saturated refrigerant entgthe expansion valve, °F

Subcoolingenteing the expansion valve, °F

Temperature of superheatedrigerant vapor leaving the Unit Coolgnethod 1 average valyef
Temperaturef superheated refrigerant vapor leaving the Unit Codfer

Temperaturef superheated refrigerant vapor leaving the Unit Codker

Temperaturef saturdedrefrigeranieaving Unit Cooler, °F

Amountof superhetleaving test Unit Cooler, °F

Temperature ofefrigerantiquid/vaporleaving the Unit Cooler, °F

Temperaturef saturatedrefrigeranieaving Unit Cooler, °F

Temperaturef saturated refrigerant in liquid/vapor separatér

Temperaturef refrigerant entering condenselorimeter °F

Temperaturef saturated refrigerant entering condercsdorimetey °F

Temperaturef subcooledefrigerantliquid enteringcondensate pumgF

Temperaturef subcooledefrigerantliquid leaving condensate pumf-

Temperaturef subcooledefrigerantliquid entering recirculation pumgF

Temperaturef subcooledefrigerantliquid leaving recirculation pumpgF

Local pipeambient temperaturéF

Condensecalorimeterambient temperatuy&F

Liquid/vapor separator ambient temperatife

Average eémperature of fluid entering condensaforimeter, °F

Temperature of fluid enterincondenser calorimeter, °F

Temperature of fluid enterincondenser calorimeter, °F

Average eémperature of fluid leaving condensalorimeter, °F

Temperature of fluid leavincondenser calorimeter, °F

Temperature of fluid leavincondenser calorimeter, °F
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Greek Symbols

Psa -
Ptest -

Averagedry-bulb temperature of air within the calibrated hok

Average drybulb temperature ofimentering Unit Cooler, °F

Dew point temperature of aéntering Unit Cooler°F

Averagedry-bulb temperature of air within the temperature controlled enclo$Ere
Local pipe refrigerant temperaturé~

Wet-bulb tenperatureof air entering Unit Cooler°F

Temperature Difference correction factor

Temperature Difference at Rating Conditiofis,

Temperature Difference at test conditiofis,

Voltageof each phase/

Massflow rateof fluid through M1 entering the condensadorimeter, lbm/h
Calculated rass flow rate of fluidhrough M1 entering the cdenser calorimeter, Ibm/h
Massflow rate ofsubcooledefrigerantliquid through M1 lbm/h

Massflow rate ofsubcooled liquid or superheatesfrigerantvapor through M2 or M2ALTIbmh
Massflow rate of sibcooledrefrigerantiquid through M3 Ibm/h

Densityof air at Standard Air Conditions, 0.075 I5/ft
Densityof air at test conditions, IbAt

Conversion factors

1 hp =746 W
1 W = 3.41 Btu/h
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FIGURE C1
METHOD 1: DX—- DUAL INSTRUMENTATION
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FIGURE C2
METHOD 2: DX—- CALIBRATED BOX
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FIGURE C3
METHOD 3: LIQUID OVERFEED

89 _
|

£66

AR

C

-’

/C

h—_—
@ CONDENSER

INSULATION—~.__|

CONDENSATE PUMP

ENVIRONMENTAL CHAMBER

LIQUID/VAPOR
SEPARATOR

LOCAL
PIPE MEASUREMENTS
(TYPICAL)

— HUMIDITY g | T
'E- REMOVAL A

Tt 4 1nn
= yjl(g HEAT LOAD 7"
1LI==
N, HUMIDITY TEST
| >4 SUPPLY UNIT COOLER

LEGEND

@ Mass flow meter
(> Expansion valve
(©) Sight Glass

— Insulation Required

@EHEO®

Pressure measurement station

Air temperature measurement station

Refrigerant temperature measurement station

Air inlet relative humidity

Barometric pressure






