8AE International STANDARD

SURFACE

34':’@ J2765 OCT2008
~ VEHICLE
Issued 2008-10

Procedure for Measuring System COP [Coefficient of Performance] of a
Mobile Air Conditioning System on a Test Bench

RATIONALE

The impact of mobil
system impacts both

1. SCOPE
1.1 This Standard
a compressor
1.1.1
input power
1.1.2 This standa
pressure drg
1.1.3
pressure drg
1.1.4 This standa
the pumps i

1.2 This Standar
capacity and g

1.3 This Standard

This standafd can also be used for measuring systems that use elegtrically driven compress

This standatd can also be used for measuring systems-that include the entire front end cooli

e air conditioning systems on the environment is becoming more important. Fu
fuel economy of the vehicle and tail pipe emissions of carbon dioxide.

applies to motor driven mobile air conditioning systems consisting)of one in-car
an expansion device, and one under-hood air coil (condenser).

to compressor is carefully considered.

(d can also be used for measuring systems thatiinclude the entire air handlin
p for the entire vehicle system is carefully considered.
p for the entire vehicle system is carefully considered.

d can also be used for measuring@ystems that include a secondary cooling loop
this system is carefully considered.

specifies procedures, apparatus, and instrumentation that will produce ad
fficiency data for refrigerant components.

does not:
for dual evaporator systems,

sient test-methods,

bl used to power the

air coil (evaporator),

pr if measurement of

g system if air side

ng module if air side

if the power to drive

curate steady state

mendations for safety

1.3.1  Specify tests
1.3.2 Specify tran
1.3.3 Make recom
1.3.4

Specify tests for production, specification compliance, or field testing of mobile air conditioning systems.
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1.4 Purpose

1.4.1 This Standard provides a method of testing the capacity (performance) and efficiency (COP) of mobile air
conditioning refrigerant systems under steady state conditions.

1.4.2

The procedure proposed is designed to give maximum repeatability and minimum error in determining cooling

capacity (Q) and efficiency (COP — Coefficient of Performance) of the refrigeration system of the mobile air
conditioner. For that reason a “breadboard” type facility is proposed in which components are assembled into a
system and exposed to operating conditions in individual, separately controlled chambers. The facility should
allow for three methods to determine system performance: refrigerant side, airside, and calorimetric chambers.
Each side yields its own energy balance calculation to find the capacity of the system. With the three methods

used, instea
exit is two p
so that twoj
balances.
2. REFERENCES
2.1 Applicable Pu

The following public
latest version of pub
2.1.1  ASHRAE Pu

Available from Ame
Atlanta, GA 30329-2

" ANSI/ASHRAE Stz
2 ANSI/ASHRAE St3
® ASHRAE Standard
® ASHRAE Standard

" ANSI/ASHRAE Std

& ANSI/ASHRAE Std

blications

blications

41.3-1989
41.2-1987 (RA 92)

ndard 51-1999

ndard. 372005

® ANSI/ASHRAE Std

2.1.2 ASME Publication

ptions form a part of this specification to the extent specified herein. Unless oth
ications shall apply.

ndard 41.1-1986 (RA 2001)

ndard 41.6-1994 (RA 2001)

Standard Method for Temperature Measurement

aporator refrigerant

nase. In this case only the airside and chamber balances are available. The degign should be made
independent methods could provide agreement of less than 14.0% betwe

n two independent

brwise indicated, the

ican Society of Heating, Refrigerating and.Air-Conditioning Engineers, Inc., 1791 Tullie Circle, N.E.,
305, Tel: 404-636-8400, www.ashrae.org.

Standard Method for Measurement of Moist Air Rroperties

Standard Method for Pressure Measurement

Standard Methods for Laboratory Airflow Measuffement

Laboratory Methods of Testing Fans for Aerody
Rating (AMCA Standard 210-99)

Methods of Testing for Rating Electrica
Air-Conditioning and Heat Pump Equipment

mdard 4t 4=1t986——StandardMethod—for Measurement—ofPropor

Liquid Refrigerant

namic Performance

ly Driven Unitary

tion of Lubricant in

Available from American Society of Mechanical Engineers, 22 Law Drive, P.O. Box 2900, Fairfield, NJ 07007-2900, Tel:
973-882-1170, www.asme.org.

* Fluid Meters—Their Theory and Application, Sixth Edition, 1971
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2.1.3 ARI Publication

Available from Air-Conditioning and Refrigeration Institute, 4100 North Fairfax Drive, Suite 200, Arlington, VA 22203, Tel:
703-524-8800, www.ari.org.

® ARI Standard 700-2004

2.1.4 NIST Publication

Specifications for Fluorocarbon Refrigerants

Available from National Institute of Standards and Technology, 100 Bureau Drive, Stop 1070, Gaithersburg, MD
20899-1070, Tel: 301-975-6478, www.nist.gov.

9 NIST Standard Re

3. DEFINITIONS
3.1 Air, Standard
Dry air having a mag
3.2 Apparatus

As used in this stang

3.3 Capacity, Tot3

The rate, expressed in watts (Btu/hr), at which the equipment removes heat from the air passi

specified conditions

ference Database 23

| Cooling

pf operation.

3.4 COP, Coefficignt of Performance

A measure of the eff
divided by the ave
described in 7.4.1.

other losses of simil@r nature.

3.4.1  Adjustments
system is us
3.5 Equipment

s density of 1.204 kg/m® (0.075 Ib/ft®).

ard, this term refers exclusively to test room facilities and instrumentation.

to this calculation may be necessary for electrically driven compressors, in ¢
ed, in the(case of front end cooling module is used, and for secondary cooling lod

NIST Thermodynamic and Transport Properties( ©
Refrigerants and Refrigerant Mixtures—REFPROP:-6

Averaging is done using the balances

f Refrigerants and

hg through it under

iciency of an air conditioning system is defined as the average heat removed thijough the evaporator
age work input to the_compressor.
his COP is the highest possible because it does not account for air movement,

available and/or as
heat transmission or

hse the air handling
p systems.

As used in this standard, This term refers exclusively 1o the mobile air conditioning equipment 1o be tested.

3.6 Pressure, Standard Barometric

101.325 kPa (14.696 psi).

3.7 Refrigerant

A refrigerant that changes from the liquid to the vapor state in the process of absorbing heat.

3.8 Shall or Shall Not

Is used to indicate a provision that is mandatory if compliance with the standard is claimed.
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3.9 Should, Recommended or It Is Recommended

Is used to indicate provisions which are not mandatory but which are desirable as good practice.

Temperature Measuring Instruments

ANSI/ASHRAE Standard 41.1-1986 (RA 2001)."

tarmininag tha watar vanar cantant of tha air daow naint hvaramatare cshall ha an
teH R RgRe-Wate—ap oot Rt—o e aeW—p oty groeterS—SHamroe—ag

All temperature measurements (with the exception of dew point temperature) shall be made in accordance with

plied as specified in

AE Standard 41.6-1994 (RA 2001 )2 and shall be accurate to within £0.2 °C (0.4.*

pberature measurements are to be taken upstream of static pressure taps-onthe in

4. INSTRUMENTATION

4.1

411

4.1.2 If used in ds
ANSI/ASHR|

4.1.3 Inlet air tem
Outlet air te

often the be

4.2 Pressure Mea

in the straight section near the radius.

Electrical mg¢asurements shall be made with indicating or integrating instruments.

mperature measurements shall be taken downstream of the static preéssure taps
5t practice is to take temperature immediately downstream of the nazzle throat.

suring Instruments
asurements shall be made with any device meeting the requirements of ASHRAL
y of pressure measuring instruments shall permit measurement to within +2.5% g
Pressure and Airflow Measurements*

ressure difference across nozzles and velocity pressures at nozzle throats sh
reading. The resolution of the devieg'shall be equal to or less than 2.0% of the 1
rzles shall be determined by measuring their diameters to within £0.20% in four ¢

ed around the nozzle in each'ef two planes through the nozzle throat, one at the

uments

used for measuring the electrical power input to fan motors or other equipment
vithin £2:0% of the reading.

Instruments used for measuri

or electronic pressure transducers that-have been calibrated against a pressﬂ

F).

let duct (if installed).
on the outlet. Very

F 41.3-1989.°

f the reading.

Il be measured with
e standard to within
eading.

laces approximately
outlet and the other

hccessories shall be

all-be measured at the equipment terminals.

hg voltage shall be

4.2.1 Pressure mq
4.2.2 The accuradg
4.3  Air Differential
4.3.1 The static p
manometers
+1.0% of the
4.3.2 Areas of noz
equally spaq
4.4 Electrical Instn
441
4.4.2 Instruments
accurate to
4.4.3 Voltages sh
accurate to
4.5

4.5.1
the reading

4.6

4.6.1

Itnin £1.U% o1 the reading.

Refrigerant Flow Measurement

Condensate Quantity Measurement

the reading or other method that provides the same accuracy.

Refrigerant flow shall be measured with an integrating flow measuring system that is accurate to within +1.0% of

Condensate collection rates shall be determined using a liquid quantity meter that is accurate to within +1.0% of


https://saenorm.com/api/?name=386faf1db743b0b2348eb7ef3cd4cbe7

SAE J2765 Issued OCT2008 -5-

4.7 Speed Measuring Instruments

4.7.1 Speed measurements shall be made with a revolution counter, tachometer, stroboscope, or oscilloscope that is
accurate to within £1.0% of the reading.

4.8 Time and Mass Measurements
4.8.1 Time interval measurements shall be made with an instrument that is accurate to within £0.2% of reading.

4.8.2 Mass Measurement shall be made with an apparatus that is accurate to within £1.0% of reading.

4.9 Torque Measyrements
4.9.1 Torque meapsurements shall be made with an instrument that is accurate to within £2.0%-0f rdading.

4.10 Refrigerant mass composition measurements for refrigerant mixtures shall be made Jusing an|instrument that is in
accordance with ARI Standard 700-2004.°

5. TEST FACILITY|AND MEASURING APPARATUS
5.1 Test Facility (Figure 1)

Recommended conIgurations for the test facility are provided below, “In all cases, suitable meang for determining the
dry-bulb temperature and water vapor content of the air entering and leaving the heat exchangers shdll be provided.

Condenser Evaporator
Chamber Chamber

Tgo

Glycbl

Tgi A
— = ]

Al
N ~»
Ten2 o -

cc Compressor
Chamber
" ! &
/XX N pnyy R T —
o o
cp
Tcao, TG [o] = o Tt
Cond. Teri Tepro,Pepro | | | | L Peri e
H s
Tepri, Pepri
— Dper Prl, Fep
Tcro, 2
Hu
________________________ Pcro
Ten1 Ten2

X 5

Sc

"]
L™ ]

B - Blower, CP - Compressor, CC - Cooling Coil, CH - Glycol Chiller, Cond - Condenser, Dp - Differential Pressure Transducer, Evap - Evaporator, FS
Flow Straightener, H - Heater, Hu - Humidifier, mg - Glycol Mass Flow Meter, mr - Refrigerant mass Flow Meter, Mtr - Motor, N - Nozzle, P - Pressure
Transducer, RH - Relative Humidity Probe, Sc - Condensate Scale, Sp - Speed Controller and Tachometer, T - Thermocouple, TC - Temperature Controll
TG - Thermocouple Grid, Tor - Torque Transducer, W - Watt Transducer, TXV - Thermal Expansion Valve

Indices : a - air, ¢ - condenser, cp - comp ressor, e - evaporator, g - glycol, I-inlet, n-nozzle, o -outlet, r - refrigerant,

FIGURE 1 - SAMPLE TEST FACILITY
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5.2 Test Room Requirements

5.21

Typically, two test rooms are required; an in car room and an under-hood room. If desired, a third room may be

used for the compressor to simulate under-hood conditions. That room can be located either outside or in the
under-hood room.

5.2.2

be maintained within the tolerances given in Table 1.

523

An in car condition test room is required. This may be any room or space in which the desired test conditions can

An under-hood test room is required. This may be any room or space in which the desired test conditions can be

maintained within the tolerances given in Table 1. A condenser wind tunnel may be substituted for the under-

hood test ro

om-provided it is canable of maintainina the conditions aiven in Table 1
L Ll ~J J

TABLE 1 - PERMISSIBLE VARIATIONS IN TEST CONDITIONS

Controlled Test Parameter Operating Tolerance!" + Condition Tolerance® +

Evaporator inlef air dry-bulb temperature (°C) 0.5 D.3
Evaporator inlef air humidity (%) 3 1

Evaporator air flow rate (kg/min) 0.3 D.1

Targeted air telinp. downstream of evaporator (°C) 0.5 D.3
Condenser inlef air dry-bulb temperature (°C) 0.5 D.3
Condenser fac¢ air velocity (m/s) 0.18 Q.06
Compressor speed (rpm) 2 1

1.
2. Condition Toler:

5.3  Wind Tunnels

5.3.1 To produce
profile acros

5.3.2 Belowis an
5.3.2.1 Each test
may be G
exchange

5.3.2.2 Air enters

condense

Operating Tolergnce is the maximum permissible range of any measurement.

hnce is the maximum permissible variation of the average value of the measurement from the specifie
for Heat Exchangers

fepeatable and comparable results, it is recommended to control the inlet air tem
S the face of the test heat exehangers.

example of one setup that has been used to accomplish this end.
heat exchanger shall’'be mounted in a wind tunnel inside their respective test rog
onstructed from,_any suitable duct material. The illustration of a duct sectio

in a wind tunnél are shown in Figure 2.

over the-flow straightener (1) and inlet thermocouple grid (2) to the test heat exd
, Orgas cooler). At the exit of the test heat exchanger is the outlet thermocoup

H test condition.

perature and velocity

m. The wind tunnel

hs for the test heat

hanger (evaporator,
e grid (3) before the

flow meagquting devices — nozzles (4). After the nozzles, average air stream temperatufe is measured by a
thermocommmmﬁ—ﬁmmﬂwmﬁlating) is done in the

conditioning test facility heat exchanger (6). For control purposes, an electrical heater is recommended. The
test facility Blower (7) provides air circulation for the test heat exchanger.


https://saenorm.com/api/?name=386faf1db743b0b2348eb7ef3cd4cbe7

SAE

J2765 Issued OCT2008

5.4 Airflow Measu

5.41

54.2

Air loop
(wind tunel)

‘ o

=

FIGURE 2 - POSSIBLE AIR LOOP

Op
\

Fing Apparatus

A suitable means of measuring heat exchanger air flow shall be provided.
ANSI/ASHRAE Standard 41.2-1987 (RA 92).6 As shown in Figure-4, the nozzle airflow measuring apparatus

consists of 3
are located.

The nozzles

alternative (ASME, ISO, JIS, etc.).

receiving chamber and a discharge chamber separated by a partition in which

used to measure air flow shall comply with ANSI/ASHRAE Standard 41.2-1987
The discharge coefficient shall be calculated and eV

ANSI/ASHRAE Standard 51-1999" or ASME Fluid Meters.*

NOTE: DIFFUSION BAFFLES
MANOMETER SHOULD HAVE UNIFORM
PERFORATIONS WITH APPROX.

40% FREE AREA

One such

T 5 | ]
RECEIVING : MIN. A\ : DISCHARGE CHAMBER
CHAMBER 15D B
i § | NOzZzLE |
ST 8 '
“&-l ¥ |3
g‘ Vs qu:
- 4 = EXHAUST FAN
AlR 0' >3 f— 25D
—™row 21 o MIN. TG
21 o N '3
w | IE
= ‘
= | l NOZZLE 15
| — e I
1 i
MIN.
r' 1507y !
|

—~——J | PITOT TUBE

| (Optional)

method is given in

bne or more nozzles

(RA 92)° or suitable

aluated as given in

FIGURE 3 - NOZZLE AIRFLOW MEASURING APPARATUS (ANSI/ASHRAE STANDARD 37-2005°)

Reprinted with permission of ASHRAE (American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.)
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<~ AXES OF

ELLIPSE

2
3

t--

]

D
1
D
)

THROAT

SLOCTION
YECTTTOTY

FI(

Reprinte

5.4.3 The velocity
shall be use
41.2-1987 (f

L

ELLIPTICAL
APPROACH

BURE 4 - FLOW NOZZLE CONSTRUCTION (ANSI/ASHRAE STANDARD 37-20
with permission of ASHRAE (American Society of Heating, Refrigerating and Air-Cenditioning Enging

profile when measured at not less than nine (9) grid points should be within £10
d when needed to improve uniformity of the air velocity profile. Consult ANS
RA 92)6 for methods of flow straightening to achieve the.desired velocity profile.

544 Temperatur

of equal segments of cross-sectional area throughout the ¢duct.

D5)

ers, Inc.)

bo. Additional means
/ASHRAE Standard

measurements shall be made at not less than the Same nine (9) locations as if 5.4.3. at the center

Inlet air temperature shou

Id be uniform within

10.5 °C. Cdnsult ANSI/ASHRAE Standard 41.1-1986 (RA>2001 )1 for methods of mixing the air stream to achieve

the desired

5.5 Refrigerant Lo

5.5.1 The refrigef

environment.

piping (lines

5511 Suction lin
551.2

the same
5.5.1.3 Relative h
reference
evaporato

niformity of temperature.

op (Figure 5)

ant loop should mimic as much™ as possible conditions encountered in th
The components used in.thievehicle should be used in the test loop if possik

hoses, and fittings) from the‘real application should be fully documented.

e pressure drop should'be +10% of the reference vehicle application

If an Interpal Heat Exchanger [IHX] or suction line heat exchanger is used in the system, it

Ambient envirenment as the compressor.

eight of 'the components should be located within £25 mm of the reference vg
vehicle is defined, the bottom of compressor should be located at bottom of cong
I shall'be located at top of condenser. [Figure 5a]

b reference vehicle

le. Alteration of the

should be located in

hicle system. If no
enser and bottom of

55.1.4

55.1.5

as the reference vehicle system.

5.5.1.6

55.2

Qil in circulation shall meet the compressor manufacturer’s requirements.

System refrigerant charge amount should not be greater than 125% of the reference vehicle system.

Oil amount should be revised based on charge amount to approximate the same ratio of refrigerant to oil ratio

Instrumentation shall be installed so as to minimize their effect on system operation or performance.

Add nozzle temperatures, additional instrumentation, show 2" view that illustrates height of components
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1 I I |
Condenser Chamber Wall = Evaporator Chamber Wall
——
Air in
l l Compressor Chamber
DANA +
- —— —e —o —
T TG
e n
TG
o— —— —o —o —o-
TG
Tcro P LC
\ IRD
— /AL N\ —

Y ]

FIGURE 5 - TYPICAL REFRIGERANTLOOP

Compressor

FIGURE 5A - ILLUSTRATION OF COMPONENT HEIGHTS.

5.5.3 Compressor Test Stafd)yand Chamber

5.5.3.1 The compressor/is placed inside a third chamber that provides and controls specifigd conditions. The
temperatuTe should be maintained within £2 °C.

5.56.3.2 The torque meter should be located between the compressor and the clutch in order to measure compressor
power at the shaft.
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A/IC
Cczmpressor

Shaft
Coupler

Torque
I\/I?’rer

H o

CompressgL {
Clutch

ldler L
PUley LA

Belf ——

il

FIGURE 5B - TORQUE METER LOEATION

6. TEST CONDITIONS

6.1 To allow for pariation of specified compressor speeds. for different drive ratios or comprg
compressor should be adjusted as necessary based toimatch the system capacity at L35 test ¢

6.2 The test matr
operation.

6.3 Performance fan be determined with (the system operating at full capacity or at a redug

evaporator aif
temperature 4

varying displg
sometimes be
across system

outlet temperature (measured at the outlet of the airflow nozzles).

cement, cycling“rates/temperature swings, etc.

s to be compared.

lows comparisons atiapproximately equal capacity, allows simulation of smart
control, and can provide evaporator icing prevention. Depending on the compressor, capacity
Precisely achieving a targ
difficult duetosresolution in the controls. Specification of the target temperature

ssor types RPM of
bnditions.

X is shown in Table 2. The conditions cover a significant range of typical vehicle air conditioning

ed capacity to limit
bvaporator air outlet
ariable temperature
can be controlled by
et temperature can
should be consistent
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TABLE 2 - TEST MATRIX
Condenser Evaporator Target Air
Ambient | Compressor Face Mass Temp.
Test Temp. Speed Temp. | Velocity | Temp. | Humidity | Flow | Simulated |Downstream of
Name (°C) (rpm) (°C) (m/s) (°C) (%) (kg/min) | Air Selection| Evap. (°C)
170 45 900 70 1.5 35 25 9.0 RECIRC 3
160 45 900 60 1.5 35 25 9.0 RECIRC 3
145 45 900 45 1.5 35 25 9.0 RECIRC 3
L45 45 1800 45 2.0 35 25 9.0 RECIRC 3
M45 45 26500 45 3-0 35 26 9-0 REGIRC 3
H45 45 4000 45 4.0 35 25 9.0 RECIRC 3
150a 35 900 50 1.5 35 40 9.0 OSA 3
I35a 35 900 35 1.5 35 40 9.0 OSA 3
L35a 35 1800 35 2.0 35 40 9.0 OSA 3
M35a 35 2500 35 3.0 35 40 9.0 OSA 3
H35a 35 4000 35 4.0 35 40 9.0 OSA 3
140a 25 900 40 1.5 25 80 6.5 OSA 3/10
[25a 25 900 25 1.5 25 80 6.5 OSA 3/10
L25a 25 1800 25 2.0 25 80 6.5 OSA| 3/10
M25a 25 2500 25 3.0 25 80 6.5 OSA 3/10
H25a 25 4000 25 4.0 25 80 6.5 OSA 3/10
140c 25 900 40 1.5 25 50 6.5 OSA 3/10
125¢ 25 900 25 1.5 25 50 6.5 OSA 3/10
L25¢ 25 1800 25 2.0 25 50 6.5 OSA 3/10
M25¢ 25 2500 25 3.0 25 50 6.5 OSA 3/10
H25¢ 25 4000 25 4.0 25 50 6.5 OSA 3/10
130 15 900 30 1.5 15 80 6.5 OSA 3/10
115 15 900 15 1.5 15 80 6.5 OSA 3/10
L15 15 1800 15 2.0 15 80 6.5 OSA 3/10
M15 15 2500 15 3.0 15 80 6.5 OSA 3/10
H15 15 4000 15 4.0 15 80 6.5 OSA 3/10
6.4 System Setup|Tests
6.4.1 A typical Refrigerant charge determination procedure is shown below. Other procedures mgy be used based on

user preferences.

6.4.11

6.4.1.1.1

6.4.1.1.2

6.4.1.1.3

6.4.1.1.4

6.4.1.1.5

A charge determination shall be performed at the following conditions:

The charging condition should be: compressor speed 2000 rpm, full displacement,

Compressor chamber temperature 70 °C;

Air temperature inlet to the gas cooler/condenser 40 °C,

Face air velocity through the gas cooler/condenser 3.7 m/s

Air temperature inlet to evaporator 40 °C,
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6.4.1.1.6  Face air velocity through the evaporator 2.5 m/s

6.4.1.1.7 Relative humidity at evaporator inlet of 40%.

6.4.1.1.8 Other conditions in addition to this are permitted.

6.4.1.1.9 Compressor RPM may be adjusted based on equalizing capacity.

6.4.1.2 The system shall be operated for a minimum of ten (10) minutes at the above conditions before starting the
charge determination. This is to insure stable operation during the charge determination.

6.4.1.3 Select the-nitial-ameunt-ofrefrigerant-based-en-system-size—lr-he-case-should-be-system be operated with
less than 1/2 the expected total charge.

6.4.1.4 After alloying system to stabilize, record data for ten (10) minutes. Average~the datd to obtain average
readings.

6.4.1.5 Add refrigerant in increments of no more than 50 g.

6.4.1.6 The systgm shall be allowed to stabilize for a minimum of ten (10)°minutes after adding charge and before
recording data.

6.4.1.7 Figure 8 shows a typical charge determination result for a‘aon-subcooled condenser R134a system. The
recommended criteria for R134a is: [other fluids may have different criteria]

6.4.1.7.1 Minimum of 5 K subcool

6.4.1.7.2 Comprepsor out pressure not to exceed 1800, kPa
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SAE R134a charge determination test
Note: evaporator exit DTsuperheat kept = 6~8 K

40 2000

351 T A "
S 30 f 1500
= T
- £
X 25 3
a e
- o
S 20 + 1000 =,
8 + =

——e |
g 15 g
= [
o [
(o] 1 \ S
o 10 500
5
Ak —h—h——h —hk—hh—bh— —A—A
0 ; ; " * ; " " " 0
400 500 600 700 800 900 1000 1100 1200 1300
Charge [g]
—&—COP_avg —¥=Q_avg DTsubcool —8—Teao_at_nozzle
—+—DTsuperheat Proper Charge 11259 —=—Prcpo ——Prcpi

Legend: COP_avg — Cogfficient Of Performance (average), Q_avg — Refrigeration_capacity at evaporator (average), Teao - Temperature of evaporator
air out measured at nozzle, DTsubcool — Condenser outlet subcool, DTsuperheat.<.Evaporator outlet superheat, Prcpo — Compressor outlet (discharge)
pressure, Prcpi — Comprgssor inlet (suction) pressure

FIGURE 6 - SAMPLE CGHARGE DETERMINATION
6.4.2 Oil in Circulation Rate

6.4.2.1 Using test conditions as specified in(Table 2 at 45 °C and 900 RPM and 45 °C and 2500 RPM, a sample of the
circulating| refrigerant and oil mixture should be taken from the equipment and the percenfage of oil measured
in accordgnce with ANSI/ASHRAE Standard 41.4-1996.° [Except sample amount is 30 grams.] The total
indicated flow rate should then be corrected for the amount of circulating oil. Adjust ¢il amount to obtain
compresspr supplier recommended oil in circulation. [Other methods are acceptaple based on user
preferences]

6.4.3 Temperatur¢ and AirVelocity Uniformity

6.4.3.1 To provid¢ equal conditions for aII systems to be tested and insure reproducibility of the tgst results, uniformity
of air veloc prior to starting the
refrigeration system performance test. Each test should be performed for both heat exchangers
(condenser/gas cooler and evaporator) and over a relevant range of air velocities and inlet air temperatures.

6.4.4  Air Side Pressure Drop [Dry]

6.4.4.1 At room temperature, change airflow rate to cover the range of operation in Table 2 and record the pressure
drop from inlet to outlet of each heat exchanger with the compressor turned off.

6.4.5 Suction Line Pressure Drop

6.4.5.1 Check refrigerant pressure drop from evaporator out to compressor inlet and verify that the requirements in
5.5.1.1 are met.
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6.4.6 Refrigerant Control Strategies

6.4.6.1  Verify that all control strategies that would normally be used in the refrigerant system are duplicated per the
reference vehicle that is being simulated. [For example: superheat control, compressor out pressure control]

6.5 Operating Procedure
6.5.1  The facility operating procedures for the steady state tests procedure elements are:

6.5.1.1  Pre-set test condition parameters.

6.5.1.2 Warm up jer—eeel-dewn—the—test-chambers—and—adjustthe—parameters—as—needed—untia stable condition is
reached.

6.5.2 Establish and maintain stable conditions for at least twenty [20] minutes prior te.taking [data. Steady state
conditions afe characterized by no more than £0.2 °C variation of heat exchangén inlet air pnd £0.1 °C for dew

point temperatures recorded at the beginning and after ten (10) minutes. Trend in tempdgratures shall not be
downward of upward by greater than 0.2 °C.

6.5.3 Once stablg conditions are achieved, data shall be collected for a minimum of 10 additipnal minutes with a
minimum frgquency of 0.1 Hz. [In the case of cycling system operation, measurements shpuld be taken with a
minimum frdquency of 10 Hz for compressor torque and speed. Torgue will be time averaged.]

7. CALCULATIONS$
7.1 Evaporator Cgpacity shall be measured using three independent methods [See Figure 7]

7.1.1  Air Capacity = dry air mass flow rate * air enthalpy difference — condensate enthalpy (small): Additional factors
should be adlded to compensate for any heat loss\in the duct from the heat exchanger outlet tp the nozzle outlet.

Qindoorair  =| Maindoor,dry - (heai — hean ) + Qleakquct — Maindoordry - (Wei — Wen) - h ('Steampngs', T=Ten, x=0) (Eq 1)

7.1.2 Refrigerant ¢apacity shall be calculated using the following:

Refrigerant Capacity = refrigerant mass) flow rate * refrigerant — oil enthalpy difference. In the|case refrigerant oil
enthalpies are not available, a simplified approach can be taken:

Qindoor¢="Mr*(1-xoil)*(hero-heri)+Mr*xoil*(Cpoil(Tero-Terisyt ) + Mixing energy) (Eq. 2)

Where approximately Cpoil = 2.05 kJ/kg °C and mixing energy for a refrigerant oil combination = 0.00{t 13*(Ter02-Terisat2)

7.1.3 Chamber cap mber walls (small).

Qch =W + Qsteam + Qtrans (Eq. 3)
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7.1.4 Properties
established
715
established

7.2 Reported Cap

7.2.1 The reporte

be within +4

7.3 Compressor H

7.3.1  Compressor
7.3.2 In the case

complete cy
7.3.3 For variable

7.4 Refrigerant Sy

7.41

— coolant

Steam
if injected

air mass flow rate
— > —
hai =h (T, RH) hao =h (T, RH) 4~
<—— refrigerant mass flow rate
hro =h (T, P) hii =h (T, P, x)

Condensate (if removed)

S5URE 7 - CAPACITY MEASUREMENT SCHEMATIC FOR ALL THREEMMETHO

refrigerant property database.

Air enthalpigs shall be determined in accordance with ANSI/ASHRAE_ Standard 41.6-1994

Hatabase.
pcity Calculation

I capacity is used to calculate COP. At least two of the independent capacities
0% and the reported capacity shall be the average of these two values.

ower Calculation

power is calculated as given below:

21
Weomp = Tpm-—-T
p = 1P 60

of cycling compressors, the average compressor power is calculated by integra
Cles during the stabilized ten minute measurement.

compressors, the average power over the stabilized ten minute measurement is

stem ‘Coefficient of Performance (COP) Calculation

pf refrigerants shall be obtained from 2001 ASHRAE Handbook-Fundame

DS

ntals® or from an

(RA 2001)* or other

measurements shall

(Eq. 4)

ting the power over

Ised.

as follows:

Coefficient O

£ " L Il QA4 Il Lodommlta ol 1 £ lo
FPCTIUTNTIAarivt (ot dioU .59 ) o C LdlbUldlictU UdoTU UlT avlaytt valutc Ul TITdl

_Qindoorayg

COI:>indoor,avg W
comp

Averaging Q indoor shall be done using all available balances, not less than two.

removed Qindoor,

(Eq. 5)

7.4.2 Condenser/gas cooler fan and evaporator blower power is not included in this COP calculation. This calculation
shall be modified if configurations described in 1.1 are being evaluated.
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8. DATA TO BE RECORDED

8.1  System Description

8.1.1

8.1.1.1

8.1.1.2

8.1.1.3

8.1.1.4

8.1.1.5

8.1.1.6

8.1.1.7

9. SYMBOLS USEP IN EQUATIONS

The system and test conditions should be described, as far as possible, specifying:
Size and weight of components.
Air pressure drop through the evaporator and condenser/gas cooler.

Uniformity of airflow velocity and inlet air temperature to the evaporator and condenser.

Line lengths (should be similar in length and diameters to real system).
Charge dgtermination criteria.

Oil type, charge, and concentration in circulation.

Expansion device.

Control of gvaporator air outlet temperature should be described/, Some systems use va
compressor$ whose capacity is controlled to maintain the desiréd air outlet temperature

riable displacement
if the system could

reach that femperature), some are clutch cycling, some havéother ways of reducing capacity. All systems

typically exhjbit some oscillation at very low loads and these should be reported.

nozzle throat area (m?)

nozzle discHarge coefficient (dimensionless)

power input,|evaporator side (W)

enthalpy, aif entering evaporator (J/kg dry air)

enthalpy, aifleaving evaporator side (J/Kg.dry air)

enthalpy, refrigerant entering evaporator/(J/kg)

enthalpy, refrigerant leaving evaporator (J/kg)

power, compressor (W)

pressure dr@p across the nozzle-(Pa)

total cooling|capacity, evaporator (W)

air flow, stan dard air (m /s)

airflow rate (m /s)

revolutions per minute

torque, compressoer(N-m)

specific volyme of the dry air portron of the mrxture evaluated at the dry buIb tempera
pressure at theh aft-vapor-conter v isiemeeiaie F

specific volume of air at nozzIe (m /kg)
specific volume of the dry air portion of the mixture evaluated at the dry-bulb temperature at

ure and barometric

ir)

the nozzle exit and

vapor content evaluated at the leaving conditions but at standard barometric pressure (m®kg dry air)

humidity ratio at the nozzle (kg water vapor/kg dry air)

mass flow rate, refrigerant oil mixture (kg/s)

mass ratio, refrigerant to refrigerant oil mixture (dimensionless)
density of refrigerant (kg/ms)
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