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This British Standard is the Enghsh language version of EN 328:1999. It supersedes

DD ENV 328:1983 which is withdrawn.
The UK participation in its preparation was entrusted to Technical Committee
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— aid enquirers to understand the text;
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interpretation, or proposals for change, and keep the UK interests informed;
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ational and European developments and promulgate

A list of organizations represented on this committee can be obtained on request to
ils secretary.
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Foreword

This European Standard has been prepared by Technical Committee CEN/TC 110, Heat exchangers, the
Secretariat of which is held by BSI.

This European Standard replaces ENV 328:1992.

This European Standard shall be given the status of a national standard, either by publication of an identical text
or by endorsement, at the latest by October 1999, and conflicting national standards shall be withdrawn at the
latest by October 1999.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Czech Republic, Denmark, Finland,
France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden,
Switzerland and the United Kingdom.

© BSI 10-1999



This European Standard is one of a series of European Standards dedicated to heat exchangers.

1 Scope

This European Standard is applicable to non-ducted unit air coolers for refrigeration operating:
a) with direct dry expansion of a refrigerant;
b) with liquid overfeed by pump circulation of a refrigerant;

oY with a liomid

Ty VUL & g,

This standard specifies uniform methods of performance assessment to test and ascertain the following:

— product identification;

— standard capacity;

— standard liquid pressure drop;

— standard refrigerant pressure drop (for operation with liquid overfeed by pump circulation only);
— nominal air flow rate;

—— nominal fan power.

!t Nas nnt
It is not applicable to air coolers for duct mounting or with natural air convection,
This standard does not cover technical safety aspects.

2 Normative references

This European Standard incorporates by dated or undated reference, provisions from other publications. These
normative references are cited at the appropriate piaces in the text and the publications are listed hereafter, For
dated references, subsequent amendments to or revisions of any of these publications apply to this European
Standard only when incorporated in it by amendment or revision. For undated references the latest edition of the
publication referred to applies.

ISO 5801, Industrial fans — Performance testing using standardized airways.
EN 45001, General criteria for the operation of testing laboratories.
IEC 60034-1, Rotating electrical machines — Part 1: Rating and performance.

3.1.1

forced convection unit air cooler

refrigeration system component transferring heat from air to a refrigerant or liquid. The air is mechanically
circulated over the heat transfer surface by integral fan(s) and fan drive(s). The heat transfer coil includes
refrigerant distributing and coiiecting headers

In the following, “forced convection unit air cooler” is referred to as “unit cooler”.

© BSI1 10-1999
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3.1.2
heat transfer surface (air side)
total external surface of the cooling coil which is in contact with the air flow passing the cooling coi

3.1.3
internal volume
volume of the refrigerant containing parts of the unit cooler between its two connections

3.14

fouling resistance
thermal resistance of a layer of unwanted deposit on the heat exchanger surface reducing its heat transfer

performance

NOTE The fouling resistance for a clean surface is zero. Clean, in this context, means that all production residues have been removed from

NG o iOWIng v

the heat transfer surface and the fan(s) by the factory’s cleaning process.

3.2
refrigerant
working fluid in a refrigerating system absorbing heat at low pressure/temperature by evaporation and rejecting

it at a higher pressure/temperature by condensation

33

liquid

working fluid remaining liquid during the absorption of heat

3.4 capacities

34.1

sensibie (dry) air cooling capacity

heat flow rejected by the air resulting from a dry bulb temperature drop
342

latent cooling capacity

heat flow rejected by the air resulting from condensation of water vapour or frost formation including subcooling
on the unit cooler surface

3.4.3
total cooling capacity
sum of the sensible and the latent capacities measured at the same time

344
gross cooling capacity
total heat flow absorbed by the refrigerant or liguid

345
net cooling capacity

ol Ansmansber nerny

COO1ing Capadity availa

standard capacity
gross cooling capacity, at standard conditions and normal atmospheric pressure of 1 013 hPa, of a unit cooler
with clean internal and external surfaces

3.4.7
fan power

alastris naw
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4.8
nominal fan power
fan power measured during the air flow test and corrected to the normal atmospheric pressure of 1 013 hPa

NOTE Tha fan nower will alen diffar with the temnerature at which the fan runs. As the fan nower is
NOTE The fan power will also differ with the temperature at which the 1an runs. As {he Ian power 1s

cooling load, the deviations are considered to be negligible.

only a small proportion of the total

3.5 pressures and pressure differences
for the purposes of this standard, all pressures are average values ascertained over the test duration

W
N
Uh
.
Pt

w ﬂg

utlet connection of the unit cooler

35.2

liquid inlet pressure
static pressure of the liquid at the inlet connection of the unit cooler

liquid pressure difference
difference between the liquid inlet pressure and the liquid outlet pressure

355
refrigerant iniet pressure

Al M i A Lal O 4 ~a 4l
aDJOIUIC Pressure 01 e Iciycialil at un

3.6 temperatures

for the purposes of this standard, all temperatures are average values ascertained over the test duration

3.6.1 air temperatures

36.1.1

air inlet temperature

PR SR J T | MY PRSP SOV ol APPSR I Sy PRSI [ S LIV DU UL S el IR IR S S S, I
aveiage Uly LUlL Iclpeidll Ul WG dl al ue Ut COWLCT HUCL, AL IO COIBIUCTALION UIC 10C4: all YVCIOCIUICS

dew point temperature
dew point temperature of the air within the calorimeter room

3.6.1.3

inside temperature

air temperature inside the calorimeter room responsibie for the heat exchange with the ambient
3614

ambient temperature

temperature around the calorimeter room responsible for the heat exchange with the inside

3.6.2 refrigerant temperatures

PP
J3.0.4.%

avnrmamaiimeo famamanadnmn

-V ﬂpul ﬂllllg tvmycl arulL v

dew noint temnerature of the refricerant, corresnondine to the evangratine nreccura
dew point temperature of the reirigerant, corresponding to the evaporating pressure

© BSI 10-1999
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3.6.2.2

superheating temperature

temperature of the refrigerant vapour at the outlet connection of the unit cooler, measured on the wall of the b
at the location recommended by the manufacturer for fixing the expansion valve sensing element or downstrear
of the Lauid_austian heat axchanoer where this i an in eoral nart of the unit cooler

Ul UiV LUJUIUTDuUlbLiIvA vy Vavlduagws Yravay was

3.6.23
subcooled refrigerant temperature:
temperature of the liquid refrigerant at the inlet connection to the expansion device (not necessarily part of the

unit cooler)
3.6.3 liquid temperatures

acz21
2:0eD.1

Hquid inlet temperature

average temperature of the liquid at the inlet connection of the unit cooler taking into consideration the local

= i

liquid velocities

3.6.3.2

liquid outlet temperature

average temperature of the liquid at the outiet connection of the unit cooler taking int
liquid velocities

o consideration the local

3.64.1
water inlet temperature
temperature of the water as it enters the calorimeter

vapour outlet temperature
temperature of the refrigerant vapour at the vapour outlet connection of the separator

3.7 temperature differences

3.7.1.1
inlet temperature difference
difference between the air inlet temperature and the evaporating temperature

3.7.1.2

superheating

ALl mnninn hatara +h 1. i, 4

difference between the superheating temperature and the evaporating temperature

3.713
degree of superheating
ratio of the superheating to the inlet temperature difference

3.7.14

subcooiing

A Cncnmnn babee o thha lavelalal a 3 1

difference between the bubble point temperature comresponding to the absolute pressure of the refrigerant at the

O
inlet connection to the e

LRIV O 122C
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3.7.2 temperature differences for liquids

3.7.21
inlet temperature difference
difference between the air inlet temperature and the liquid inlet temperature

3.7.22
liquid temperature difference
difference between the liquid inlet and outlet temperatures

3.8 operation with refrigerants

3.8.1
direct expansion operation
evaporation process in which the refrigerant enters the unit cooler via a direct expansion device as a liquid-

vapour mixture and leaves it in superheated state (see system boundaries in annex A)

3.8.2

operation with liquid overfeed by pump circulation

evaporation process in which the refrigerant leaves the unit cooler in partially evaporated state, the process being
operated by a mechanical liquid pump and a separator being parts of a refrigerating machine. The refrigerant is
transported from the separator to the unit cooler by the mechanical pump (see annex E)

3.9 refrigerant enthalpies

3.9.1

refrigerant inlet specific enthalpy

specific enthalpy of the refrigerant at the inlet connection of the unit cooler system. For capacity calculation it is
defined as the specific enthalpy of the saturated liquid refrigerant at the inlet to the expansion device
corresponding to the subcooled refrigerant temperature

NOTE For liguid overfeed by pump circulation, the refrigerant inlet enthalpy cannot be defined by temperature and pressure measurement
at the unit cooler’s connections (see annex E).

3.9.2

refrigerant outlet specific enthalpy

specific enthalpy of the refrigerant at the outlet connection of the unit cooler system. For capacity calculation it
is defined as the specific enthalpy of the refrigerant corresponding to the evaporating pressure and the
superheating temperature

NOTE For liquid overfeed by pump circulation, the refrigerant outlet enthalpy cannot be defined by temperature and pressure measurement
at the unit coolet’s connections (see annex E).

393
specific vaporization enthalpy
enthalpy at the evaporating pressure without regard to the pressure drop across the unit cooler (see annex E)

3.10
nominal air flow
air volume flow rate flowing through the unit cooler when its air side is dry and clean

3.11
oil content
proportion of oil by mass in the refrigerant related to the pure refrigerant

3.12

refrigerant recirculation rate

ratio between the actual mass flow rate through the unit cooler and the mass flow rate necessary for the total
evaporation of the refrigerant (see annex E)

© BSI 10-1999
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4 Symbols
For the purposes of this standard the following apply.

E, Electrical energy input into the calorimeter 4]
F Correction factor for the deviation from standard atmospheric pressure Pa
hyy Liquid inlet specific enthalpy kl/kg
h, Liquid outlet specific enthalpy k/kg
hy, Refrigerant inlet specific enthalpy kl/kg
hge Refrigerant outlet specific enthalpy kI/kg
hra Refrigerant specific enthalpy at the outlet connection of the unit cooler (see annex E) ki/kg
hwy Water inlet specific enthalpy (balancing air heater) kl/kg
hw2 Water outlet specific enthalpy (balancing air heater) kl/kg
HL Heat flow from the calorimeter inside to its ambient kw

Rotational speed of fans 1/min
Pam Atmospheric pressure Pa
p, Evaporating pressure bar
Dei Refrigerant pressure at the iniei conneciion of the unii cooier {(see annex E) bar
Pe Refrigerant pressure at the vapour outlet connection of the separator (see annex E) bar
P, Liquid pressure at unit cooier iniet bar
pu Liquid pressure at unit cooler outlet bar
Pri Refrigerant pressure at expansion device inlet bar
Py Capacity (primary method) kW
P, Capacity (confirming method) kw
Py Measured capacity kw
q, Mass flow rate keg/s
gmerw  Refrigerant mass flow rate on the low pressure side through the pump keg/s
gy Volume flow rate m?/s
rd Relative deviation —
) Density kg/m?
rr Recirculation rate —
tamb Ambient air temperature °C
LRy Temperature of liquid at the flow measuring point °C
fam Temperature of refrigerant at the flow measuring point (liquid line) °C
twm Temperature of water at the flow measuring point (balancing air heater) °C
il Air inlet temperature (dry bulb) °C
tap Air dew point temperaiure within the calorimeter room °C
L Evaporating temperature °C
t Individual air temperature inside the calorimeter °C
tery  Saturation temperature corresponding to pg; °C
L Liquid inlet temperature °C
t, Liquid outlet temperature °C
t;, Subcooled refrigerant temperature °C
tro Vapour outlet temperature at the vapour outlet connection of the separator (see annex E) °C
Irs Actual temperature at unit cooler outlet connection (see annex E) °C
twi Water inlet temperature °C
tuy Water outlet temperature °C
faup Superheating temperature °C
Dp Pressure drop bar
Dt Inlet temperature difference K

© BSI10-1999
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Refrigerant specific enthalpy change in the unit cooler at p. (see annex E) kJ/kg
Specific vaporization enthalpy at p. (see annex E) kJ/kg
Difference between refrigerant outlet and inlet specific enthalpies kJ/kg
Subcooling = {pry) — e K
Superheating K

K

s

o

EREERE

Temperature difference between liquid inlet and outlet
Test duration

~

w
£
g
A
-3

Mass
Volume
Liquid
Flow meter
Refrigerant
Water

gmgr<B

Numbers indicate positions defined on the circuit diagrams.
Superscripts

{st)  Standard
(a,b) Identifies a set of tests

5 Standard capacity
5.1 Basis of standard-capacity data
The cooling capacity of a given unit cooler, or its overall coefficient of heat transfer, depends on the following:

a) the inlet temperature and the humidity content of the entering air;
b) the mass flows of air, refrigerant or liquid,

¢) the evaporating temperature or the inlet temperature of the liquid;
d) the state of superheating;

¢) further conditions e.g. state of subcooled refrigerant, oil content;
f) the state of frosting.

Because of the related dependence of the overall coefficient of heat transfer on both the mass flow and the
temperature difference, it is not permissible to specify cooling capacities per unit of temperature difference as
the coefficient of heat transfer can only be taken as a constant value in a very limited range of operating
conditions.

Therefore cooling capacities are given for specific operating conditions.
The influence of frosting on the unit cooler surfaces (latent cooling capacity) can only be measured with great

difficulty because of the changing processes. Therefore this standard only considers cooling capacities under non
frosting conditions as these can be measured and tested under steady state conditions.

© BSI 10-1999
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5.2 Standard conditions for the cooling capacity

5.2.1 Generai

The standard capacity shall be based on tests performed on a clean unit cooler at nominal voltage and frequency
under one or more of the conditions specified in 5.2.2 and 5.2.3.

5.2.2 Refrigerants

The standard conditions for refrigerants are given in Table 1.

Tabie 1 — Standard conditions for refrigerants
tion | .‘::*: o | x

e A% - —— ~

SC1 +10 <2 0 0,65 30

SC2 0 <-1i0 -8 0,65 30

SC3 —18 <-27 =25 0,65 20

SC4 =25 <-33 -31 0,65 20

SC5 -34 <-42 —-40 0,65 20

NOTE The oil content shall be below 1 % of mass.

For standard conditions for operation with liquid overfeed by pump circulation, see annex E.

5.2.3 Liquids

The standard conditions for liquids are given in Tabie 2.

Standard Al fap o ¢ Intended for Comments
L2

condition oC oC o oC

SC10 +16 <+2 +4 +8 Water The flow
direction shall
SC11 0 <-12 -10 -7 Liquid specified by | be given
manpufacturer

NOTE The quality of the liquid shall be such that it does not cause measurable fouling during the entire operation for
establishing the test.

The nominal air volume flow rate shall be referred to an air temperature of +20 °C.
NOTE The air volume flow rate is not influenced by atmospheric pressure and air temperature when the fan speed is constant.
5.4 Conditions for

The nominal fan power shall be referred to an air temperature of +20 °C and to an atmospheric pressure

i — T r

of 1 013 hPa.



6 Manufacturer’s data

To identify the unit cooler and allow traceability, the manufacturer or supplier shall supply the test house with
the following minimum information for each unit cooler to be tested:

a) type;

b) rating of the fan motor(s) according to IEC 60034-1,

¢) standard capacity for the standard conditions in the range of application, stating the refrigerants used;
d) nominal air flow;

¢) nominal fan power;

f) nominal voltage and frequenc
g) total heat transfer surface (air side);
h) fin spacing and thickness;

i) tube nominal bore;

j) tube geometry;

k) circuiting arrangement;
\ 2vtasna
} FIRgAs pi Lt

m) installation instructions.

© BSI 10-1999



7 Measurements

7.1 Uncertainty of measurements
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The permissible uncertainty of significant measurements is given in Table 3.

Table 3 — Uncertainty of measurements

Measurements Uncertainty of measurements
Air inlet temperature 0,2 K
Dew point temperature of the air 2 K
All other air temperatures 30,5K
Refrigerant temperature $0,2K
Refrigerant pressure Shall be small enough for the measurement of the evaporating
temperature to be obtained within +2 K

At the unit cooler:

— liquid temperature and temperature | +0,2 K

difference;

— liquid pressure drop; 15 % of the measured value or 1 kPa (larger value applies)

— refrigerant and liquid flow rate.

12 % of the measured value

For the balancing air heater when

supplied by water:
— water temperature difference; 10,5 % of the measured value
— water flow rate. 12 % of the measured value
Electrical energy *1 % of the measured value
Current, voltage, cycles £0,5 % of the measured value
Time interval 10,1 % of the measured value or

*2 s (smaller value applies)

Oil content in the refrigerant

20 % of the measured value

Mass 20,5 % of the measured value
Atmospheric pressure +5 hPa
Fan speed 1 1 % of the measured value

© BSI 10-1999




Page 14
EN 328:1999

7.2 Measurement criteria

7.2.1 Pipe side temperature measurement

7.2.1.1 Methods of measurement

One of two methods of measurement shall be used as follows.

a) Method A

When the temperature is measured on the outside of the connecting pipe it shall be measured at two
opposite points of the same cross-section and, if the pipe is horizontal, there shall be one point above
and one below. The pipe shall be insulated on each side of the temperature measuring point for a
length of at least ten times of its outside diameter. It shall be ensured that good thermal contact exists
between the sensor and the pipe at the measuring point. This method is only applicable if the active
temperature difference is small and the internal heat transfer is much higher than the external one.
The measured value is the arithmetic mean of both individual values.

b) Method B

When the temperature is measured by a sensor immersed in the pipe, care shall be taken that
temperature stratifications and flow patterns do not influence the accuracy of the measurements.

7.2.1.2 Superheating temperature

The superheating temperature shall be measured as near as possible to the outlet connection provided by the
manufacturer.

This location shall be within a distance of 500 mm from the unit cooler outlet connection and within the
calorimeter room.

Where a liquid to suction heat exchanger is an integral part of the unit cooler the measuring point for the
superheating temperature shall be at the outlet connection of the heat exchanger.

Method A shall be used.
7.2.1.3 Subcooled liquid refrigerant temperature

The subcooled liquid refrigerant temperature shall be measured as near as possible to the expansion device inlet.

NOTE At low evaporating temperatures and small capacities, the temperature measurement can be influenced by conductivity.

Where a liquid to suction heat exchanger is an integral part of the unit cooler, the measuring point for the
subcooled liquid refrigerant temperature shall be at the inlet connection of the expansion device.

Both methods A or B may be used. When method B is applied, care shall be taken that the sensor does not cause
the generation of flash gas.

7.2.1.4 Liquid temperatures

The liquid temperatures shall be measured as near as possible to the connections, provided by the manufacturer.
Method A or B may be used.

7.2.1.5 Water temperatures (balancing air heater)

Water temperatures shall be measured as the water enters or leaves the calorimeter. Method B is preferred.

7.2.2 Air temperature measurement

© BSI 10-1999
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7.2.2.1 Air inlet temperatures

The air inlet dry bulb temperatures shail be measured in the centre of equal sections of the face area of the coil.
These sections shall not be larger than 0,2 m? and be square if possible. There shall be at least 6 sections.
an aat

Temperature sensing elements shall be shielded against radiation “d ny

the accuracy of the measurement.

The dew point shall be measured at one point within the calorimeter room.

7.2.2.2 Inside and ambient air temperatures

Inside and ambient air temperatures shall be measured 0,15 m perpendicular to the surface of the calorimeter.
Only dry bulb temperatures are significant.

If the calorimeter is in direct contact with the floor, the temperature shall be measured on the outer surface of the

fnonlass
msuiaton.

NOTE The quantity and location of temperature measuring points will be dependent on the calorimeter design and the variation in inside
and ambient temperatures.

. : Py Te P e aprey

| PO, S Py =
i 1€ast on€ insia uuu ambicnt tem; pelat

vy _ o L 3T L.
11CTC SOAll DC ¢
surfaces.

easuring point on each of the six surrounding

7.2.3 Pressure measuring points

The pressure measuring points shall be located in the middle of a straight part of pipe of constant diameter, equal
to that of the cooler connections, having a length of not less than ten times its diameter ensuring that there is no
restriction involved. They shall be positioned between the temperature measuring points and the connections of
the unit cooler.

7.2.4.1 General

The flow rates of refrigerants, liquids and water shall be measured according to the recommendations of the
installation instructions for the flow measuring devices.

7.2.4.2 Refrigerant flow rate

When volume flow meters are used, the refrigerant shall be sufficiently subcooled to prevent the generation of
flashgas which causes inaccurate measurements. In order to check that there is no flashgas, a sight glass shall be
placed immediately after the flow measuring section.

NOTE 1 When measuring refrigerant volume flow rate, it is practical to locate the measuring device on the liquid side of the circuit.

AT A PR,

NUILE 2 nclngcrum fiow rates usually
than momentary indicators.

7.2.4.3 Liquid and water flow rate

NOTE As with refrigeranis, iniegrating devices are more suitabie than momentary indicators.

7.2.8 Oil content

The oil content shall be measured unless it can be guaranteed that is below 1 % by mass. For a recommended
measurement procedure, see annex F (Informative).

© BSI 10-1999



8 Testing methods and equipment

8.1 Testing methods

In order to fulfil the requirements of this standard, two methods of determining the cooling capacity shall be used

simultaneously. The primary method shall determine the capacity on the air side.
The confirming method shall determine the capacity on the refrigerant/liquid side.

The result of the confirming method shall agree with that of the primary method within +4 %.
The testing methods and arrangements are shown in annexes A to E.

{3 PR Py, oo s, nde & A
NOTE If the deviation between the two methods is greater than £4 %, 3t can be assumx

arrangement or in the execution of the tests.

Only refrigerants/liquids with well documented physical properties shall be used.

8.1.1.2 Primary test method

e Bl ot ok cannth 1 ha iaad ta da ; ida i
1n€ 10110WiNg primary test metns hall be used to determine the gross cooling capacity on the air sideina
nalarmmotoar
ALV BV VWL

The principle of this method is to measure the total heat flow into a calorimeter room in order to balance the
cooling capacity of the unit cooler under test. This heat input is equal to the cooling capacity of the unit cooler,
taking into consideration the heat flow exchanged between the calorimeter and the ambient as well as the
connecting pipes for the unit cooler within the calorimeter.

8.1.1.3 Confirming test method

The principle of this method is to measure the refrigerant/liquid flow rate and to multiply this flow rate by the
difference between the specific enthalpies at the outlet and inlet connections of the unit cooler.

The specific enthalpy difference of the refrigerant/liquid shall be determined from the temperature and pressure
measurements and physicai properties of the refrigerant.

For the purposes of this standard, the air flow method for determining the capacity is considered to be inaccurate
and therefore its use is not permitted.

8.1.2 Air flow

Ls ot} S Ny | PUPG. B T 1 I P SR & Iy P, I P PP SRR PP i L, T, LS
10C MEU10Q Uscd Snidii DC 10 MCASUTC WIC OVCTdIl il TIOW T4lC al ITCC 1ICT dana aiscnarge Conaiions.

NOTE Forced convection unit coolers create very turbulent air flows. Therefore measurements of air speeds at individual points cannot be

used.

8.1.3 Heat exchange with the ambient
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8.2 Equipment
8.2.1 Calorimeter room

8.2.1.1 General

The unit cooler shall be installed in a well insulated calorimeter room together with a balancing air heater.
The test installation shall be capable of maintaining steady state conditions as required by this standard.

The testing arrangement shall be designed in such a way that the unit cooler can be tested reproducibly under
conditions as in practical operation, particular attention being paid to the following.

The air flow through the unit cooler being tested shall not be modified.

The air flow around the unit cooler shall not be influenced; recirculation of air shall neither be created nor
prevented if it is a normal feature.

Care shall be taken with non-azeotropic refrigerants, that there are no liquid refrigerant accumulations in the
refrigerant cycle. While testing non-azeotropic refrigerants, the concentration of the individual refrigerants
within the mixture circulating through the unit cooler shall remain identical to the concentration with which it
was originally filled.

NOTE Non-azeotropic refrigerants are mixtures of more than one refrigerant with different individual boiling temperatures. If the mixture
is separated at a two-phase state, e.g. in a vessel, one of the two phases can accumulate effecting the concentration of each refrigerant
within the rest of the system.

The total heat content of the calorimeter room is calculated from the mass and specific heat of the objects in the
room, the interior covering of the walls and floor and half the insulation thickness.

8.2.1.2 Inside arrangement

The unit cooler shall be installed so that,

a) no obstacle is positioned within a distance of 1,5 x VA xB away from the discharge of the unit
cooler,

b) no obstacle is positioned within a distance 0f 0,75 x VA xB parallel to the sides of the unit cooler,

¢) all distances correspond to the minimum requirements of the installation instructions provided by the
manufacturer, particularly the distance of the air inlet from the back wall and the ceiling,

d) the volume in m’ of the compartment housing the unit cooler under test, shall be between 1/30 and
1/600 of the air flow rate in m*/h produced by the unit cooler under test together with all auxiliary air
moving devices,

where A and B are the air inlet dimensions of the unit cooler.

The total heat content of the calorimeter shall be chosen such that it does not vary by more than +0,5 % of the
capacity measured during the test duration.

8.2.1.3 Ambient arrangement

All equipment in the refrigerant cycle, except for the measuring points at the unit cooler and the expansion
device, shall be placed outside the calorimeter room.

The calorimeter room shall be designed and arranged in its ambient such that verification of the heat exchange
with the ambient according to the requirements of this standard is possible.
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The calorimeter room shall be located in an ambient, the average temperature of which can be held constant.
There shall be no significant heat radiation to the test room. The clearance between the calorimeter room and the
walls of the enclosing space shall be sufficient to allow the reproducible measurement of the ambient
temperature.

Ambient conditions of the calorimeter room shall be such that the same air conditions, particularly air
movements, prevail during the calibration test as during the capacity test.

8.2.1.4 Heat exchange with the ambient

The calorimeter shall be designed such, that the heat exchange with the ambient does not influence the accuracy
of the test result by more than 1 %.

NOTE In practice this means, for example, that the heat loss should be known with an uncertainty of less than +10 % if it amounts to 10 %
of the measured capacity.

The heat exchange of the calorimeter with the ambient shall not exceed 20 % of the measured capacity.
8.2.1.5 Heat inducement

The balancing air heater shall be designed and installed such that the general requirements specified above are
met. It shall be constructed in such a way that heat is not radiated directly onto the unit cooler or onto the

temperature measuring points or the walls and the floor.

For a water-heated air heater, the water inlet and outlet temperature measuring points shall be positioned
immediately outside the calorimeter wall.

All power input into the calorimeter shall be measured.

8.2.2 Refrigerantliquid pipes

The refrigerant/liquid pipes, especially the liquid line for refrigerants, within the calorimeter room shall be
insulated sufficiently well for the heat emission in the calorimeter room to be less than 0,5 % of the cooling
capacity to be measured. :

8.2.3 Expansion device

In order to obtain the specific enthalpy of the refrigerant (primary) at the unit cooler inlet, the expansion point
shall be placed as close to the unit cooler inlet connection as possible. The expansion device shall be specified
by the manufacturer.

8.2.4 Flashgas

A sight glass shall be placed before the expansion dévice in order to check that no flashgas is present.

8.2.5 Air flow measurement

It is recommended that the air flow rate is measured according to ISO 5801 using an inlet or outlet chamber
arrangement. An auxiliary fan shall be used which provides ambient pressure in the chamber at the pressure
measuring points adjacent to the connection of the unit cooler.

Other methods are acceptable provided that the required accuracy is achieved.

For the measurement of the air temperature, one point at the inlet or outlet is sufficient.
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9 Test procedures

9.1 General
The unit cooler shall be installed in accordance with the manufacturer’s specification.

All components supplied by the manufacturer as part of the unit cooler shall be included in the test set-up and
used in accordance with the manufacturer’s instructions.

9.2 Calibration of the calorimeter room

The difference between the inside and ambient temperatures shall be as high as possible but not exceed 40 K.
When selecting the temperatures, the effect they may have on the insulation material shall be taken into account.
The test duration shall be chosen such that any deviation from steady state conditions cannot influence the
uncertainty of the test result by more than +0,5 %. The test duration shall continue for at least 6 h after steady

state conditions have been reached. The temperatures and temperature differences shall not change by more than
2,5 % of the measured temperature difference during the test duration.

Measurements shall be taken at regular intervals small enough to monitor all significant fluctuations. At least
seven sets of measurements are required.

With the water/refrigerant flow to the balancing air heater/unit cooler off, the calorimeter room is heated
electrically. The electrical power input, including fan motors under steady state conditions, is the heat loss.

The heat flow through the calorimeter room walls shall be measured when the air circulation in the calorimeter
room is at the maximum achievable value and another value approximately 50 % lower. If fitted, fans on the
balancing heater shall be on to correspond to test conditions as closely as possible.

When the calorimeter room floor is in contact with the floor of the site, additionally the heat inducement into the
calorimeter room shall be varied such that the higher value lies at least 50 % above the lower.

NOTE It is desirable that the ambient air temperature is varied additionally as this will give an indication of the relative proportions of the
heat flow through the floor and the other surrounding surfaces.

A theoretical evaluation of the heat transfer shall be established and compared to the measured results.

Individual inside air temperatures or ambient air temperatures shall not differ from each other by more than 10 %
of the difference between the inside and ambient temperature.

The following data shall be recorded:

— individual inside and ambient temperatures;
— air flow rates of the unit cooler and balancing air heater fans;

— test duration (7);

— electrical energy input into the calorimeter (E,; ).
9.3 Measurement of the cooling capacity
9.3.1 Air humidity

The standard conditions require dry surfaces; care shall be taken that during operation no frost accumulates on
the unit cooler.
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'9.3.2 Subcooled refrigerant temperature

The condensing temperature shall be sufficiently far above the subcooled refrigerant temperature to prevent the
generation of flash gas.

9.3.3 Steady state conditions

Measurement of the cooling capacity can only be carried out at steady state conditions which shall be reached at
least half an hour before starting the test.

Steady state conditions are assumed to be reached and maintained if, during the period of 1 h, all alterations and
periodic fluctuations remain within the following ranges:

a) air inlet temperature +0,2 K;
b) evaporating temperature +0,5K;
c) inlet temperature difference 0,3 K;
d) superheating temperature +1,0K;
¢) fan speed +2 %,; »
f) electric power input 1,0 %;
£) ambient temperature +]1 K;

h) liquid flow rate (where applicable) 0,5 %.

For measurements with liquids, the liquid inlet and outlet temperatures are used instead of the evaporating
temperature.

In order to ensure that steady state conditions are maintained, the data shall be continuously monitored at
intervals small enough to identify all significant fluctuations.

9.3.4 Test duration

The test duration shall be chosen such that any deviation of temperatures will not influence the uncertainty of the
test result by more than +0,5 %. The test duration shall be a minimum of 1 h. At least five sets of measurements
shall be taken at regular intervals during the test period.

The heat capacity (water equivalent) of the calorimeter room and the apparatus therein has considerable
influence on the accuracy of the measurements when the temperatures are not completely constant and as the
uncertainty caused in this way shall not be more than 0,5 % when constant conditions are not maintained exactly,
the test duration depends on the heat capacity and on the relative deviation from constant conditions. The
following formula gives an estimation of the testing time:

r» 200x4 xC )
P

where

T is the test duration required for an uncertainty <0,5% ins;

5 is the temperature difference between the highest and the lowest inside air temperature during the test
period in K; .

C - is the heat capacity of the calorimeter room in kJ/K;

P is the measured cooling capacity in kW.

The heat capacity of the calorimeter room is calculated from the mass and specific heat of the objects in the
room, the interior covering of the walls and half the insulation thickness of the walls.
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9.3.5 Conducting the test
9.3.5.1 Refrigerants — Direct expansion operation
In order to retain sufficient accuracy when converting the measured capacity to the standard conditions, the

average values shall be within the following deviation from the standard condition:

All tests te +l K;
tip 2 K;
D1y 0,5 K;
iRy 3K,
supply voltage 12 %,;
frequency 1 %.

Single test Aty/Dty £0,02.

NOTE A superheat ratio of 0,02 equals a capacity shift of about +1 %. When the uncertainty of the measuring equipment of about 3 % is
added, the limit of 5 % is almost reached.

Duplicate test Aty,/Dt; % 0,10 with one test above and the other below the standard value.

9.3.5.2 Refrigerants — Operation with liquid overfeed by pump circulation

ration with lianid ow
nqua o

Operation with

rfeed by pump circulation is covered in annex E.

9.3.5.3 Liquids

In order to retain sufficient accuracy when converting the measured capacity and pressure drop to the standard
conditions, the average values shall be within the following deviations from the standard condition:

All tests i £2 K;
éip +2 K.

Single test Dt, and Aty #0,2K

Duplicate test Dr, +2,0K;
AtL +1,0 K.

Duplicate tests shall be conducted with (A%,/Dt,)*® above and below (Az,/Dt;)®
9.3.6 Air inlet temperature

The dry bulb temperatures at the individual measuring points shall not differ from each other by more than
(0,1 x Dtl). If necessary, temperature buiid-ups shail be prevented by a suitabie arrangement, but care shaii be
taken that air circulation around and air flow through the unit cooler are not influenced thereby.
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9.3.7 Data to be recorded

With air side temperatures, the values at individual measuring points shali be recorded.

- fa ot 40t T a2t fead dniein mndnnsnn avaasds SN T o T ) iq Fant an a ra. ~
If the difference between any individual air inlet temperatures exceeds (0.1 x Dr), this fact, and the reason fo
clall b cannedimmad i tha tact cansnt

a1l U TtiONnCa i Ui WSt AP OIL

NOTE The unit cooler itself may generate recirculation of air and thus cause a greater deviation.
The following data shall be recorded for each of the tests:

tAY Lgp fambs Birs

~ = == -

Del’ %W Patms

when applicabie: gnw Or gvw, fwi. fw2, fwm-

The following additional data shall be recorded:
p .t lu,d 01'0 and Tesm. Dori.
Fe* RI WP EmR :

9.3.7.2 Refrigerants — Operation with liquid overfeed by pump circulation

Operatidn with liquid overfeed by pump circulation is covered in annex E.

9.3.7.3 Liquids

The following additional data shall be recorded
Lty 9 979y and fiwm, By Py,

9.4 Measuring the fan performance

9.4.1 The unit cooler shall be tested without influencing the air resistance at the air inlet and outlet.
9.4.2 The air temperature shall be (20 £ 5) °C.

9.4.3 The air flow rate and fan power

shall be measured under sready state conditions, which are assumed to
xist when the fan speed d 9

AT

=c ~d o las. n bt
€S not cnange Uy noic umu Vv, 5 70 tum uuccu lll.l.llulcb

3
i~

n (I ;5 JUN
< jans " Taimy fFaun

For measuring the air flow rate, all data required by the test method shall be recorded.

10 Calculating the cooling capacity

10.1 Heat loss factor
The heat ioss/gain shaii be caicuiated by use of a caicuiation modei consxaermg the air flow inside the
Aantanioantn wamfiad crotons tha Aiffannnt mnalileantlme toct wacsslén

e | oy
1 ana verinca udlLIE uic uicicin Carioratioii €8t ICsunis.
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5
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10.2 Cooling capacity

10.2.1 From the air side energy input

[
The air side energy input includes the total energy introduced into the calorimeter room, including that for the
fans. The capacity obtained from this is corrected by the heat flow exchanged with the ambient under capacity

10.2.1.2 Electrical power input

The capacity calculated using the electrical power input is given by:

E
py=—+HL )
T
where
HL is the heat flow from the ambient into the calorimeter under capacity test conditions.
10.2.1.3 Water heated balancing air heater

The capacity calculated using a water heated balancing air heater is given by:

W L AW Eel M ed
P =qdmw *twy "‘wz)*’_‘t ‘AL

—
(78]
~~

where
HL is the heat flow from the ambient into the calorimeter under capacity test conditions.
10.2.2 From flow rate of refrigerant
Calculating the capacity from the refrigerant flow is carried out according to one of the following equations

Py =q,p X prm x Alg 4
For mass flow measurements:
Py = qmr xAhg ®)

10.2.3 From the flow rate of liquid

he capacity from the liquid flow is calculated according to the following equation
P - ] (n .—n
7 TG XPLM BV T ALY €}
19 74 'oncsswad rnnarity
2.4 Measured capacity

The measured capacity is the average of the capacities obtained from the primary and confirming method:

D (P +P,)

IM =—

2

_~
~—’



11.1 Cooling capacity
11.1.1 General correction for atmospheric pressure

For each test, a correction factor for the deviation from standard atmospheric pressure (1 013 hPa) shall be
determined according to:

. A_\ A |
-1013)x2,5x107* @®)

NOTE This formuia shouid aiiow for the influence of air atmospheric pressure on the capacity of a unit cooler. It is assumed that the

ity increases approx. 0,025 % per hPa of hm]nrr air pressure and decreases approx. 0,025 % per hPa of lower air pressure uumpafed

CIY IR

No correction for the superheating is required. The standard capacity is given as follows:
fp @
r g
PO =| M| @y @ )
I
11.1.2.2 Duplicate tests
Thn ctacmAdacd mmcmaaides S mladmiomnd Lo 1 s s~ N 1. . .. . .
ne standard capacity is obtained by linear interpolation of (P/Dr,) between its two measured values against the

r

=x® 2t (065-2®) (10)

(a,b) identifies the two individual tests for one standard condition.

p &
x Dt,™ (1
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11.1.3 Refrigerants — Operation with liquid overfeed by pump circulation
For additional requirements where operation is with liquid overfeed by pump circulation, see annex E.
1114 Liguids
11.1.4.1 Single test
Within the permissible deviations, the following relationship shall apply:
(2)
P
n(st) =l( M \l % Dil(st) % F(a) (12)
t
Ty
Duplicate tests
Within the permissible deviations the following relationship shall apply.
a) Determine:
£ as GO
By | 2L : (13)
Dy,
b) Determine for each test
fa k)
\& 0y
o (B ) e (14)
‘ Dy J R
AN 7/
[ As @D
g - 2 | as)
where
At; is the measured value.
(st)
P A® A®
S BT +____X(B(st>_3(b)) (16)
Dt B®_g®
The standard capacity is calculated according to the following equation
s~ (D
P =[ 2| xDy® 7
| D1 '



11.2 Calculating the standard liquid side pressure drop
11.2.1 General

For liquids, the standard pressure drop is calcu
11.2.2 Single test

a) Determine:

N (a) _{ \(a})
apy =\PrL1—Pr2)

(a)
(@ _ PMa

CpL XAt

-
"
<

where

t; is the measured value.

NOTE 1,8 is an empirical value, considering that the exponent normally lies between 1,5 and 2.

sufficient.

(19)

(21)

Therefore for a single test, the accuracy is
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11.2.3 Duplicate tests
a) Determine:
8 _ P(St) (22)
dmL = o As 8D )
CpL XL
b) For each test determine
»_( Ya.b
Ap,*Y = (Ppu _ppLZ)(a, ) 23)
R p (ab)
@0 _ M 24
ImL = .. (@b (24)
C pL XA L
where
Az is the measured value
¢) The standard liquid side pressure drop is determined according to:
{ L\ / ,
@
e o)1 e @), loglap @ )-loglAp, | L @) qjul, ®
lugI\A L(s ))" 1"5(A L(b }" - l ) fo )‘l"s(ml. )} 25)

B 08mL

The measured air flow rate shall be assumed to be the nominal air flow rate. No correction to the nominal
conditions is necessary.

11.4 Nominal fan power

The fan power is dependant on the density of the air. Therefore the fan power at standard conditions shall be
calculated as follows

where

Py, and p,y, are the values measured during the air flow rate test.

NOTE For the purposes of this standard, a correction for air temperature within the permissibie deviations is not considered to be
sa

necessary. The atmospheric pressure cannot be influenced and therefore a correction is regarded to be necessary because of the strong

influence of air density on the fan power.

12 Test report

The test report shall be in accordance with EN 45001. The source of the physical properties used shail be
indicated.



Annex A (normative)
Test installation for direct expansion operation

A.1 A diagram of the test installation for direct expansion operation is shown in Figure A.1.

calorimeter room enclosure

Pn1
refrigerant 7~ expansion device
flowmeter trM (/] 1 ' hea
] I 1 ’ ¥
IR '*— VN qva
P
t e ;
sight amb — '-11-
glass Pamb @ tAl \ N -
1 A 'Y Somnd
1 J
tR2
R2 N

|| condensing

unit W
compressor
Exaniple: Electric power supply

electric —
supply el
meter "

Figure A.1 — Test instaliation for direct expansion operation
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Annex B (normative)
Test installation for liquids

B.1 A diagram for the test installation for liquids is shown in Figure B.1.

calorimeter room enclosure

-

liquid PL1

flow meter  tp 0y @ heater
|
§ Pra ¢t Al

sight famb
glass P amb
pump '
L2
t
liquid 1 electric ]
quid cooler supply Eel
meter "

Figure B.1 — Test installation for liquids
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Annex C (informative)
Superheating and capacity

C.1 A diagram indicating superheating and capacity relationship is shown in Figure C.1.

(®/Dty)E)

r'y
P/Dty

MP = Measuring point
MP1

MP2

N

Atgun/Dty
* A >

(Atgyp/Dty)E) 1.00

Figure C.1 — Superheating and capacity
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Annex D (normative)
Test arrangement
D.1 Test arrangements for calorimeter rooms are shown in Figures D.1 and D.2.
calorimeter room
- |
11 i
i 1
i i
i i
L i
i |
i Va i, 1
i A —1
I I calorimeter room
| | P ——
i
i
i
i
i

T

q

-
w

il

M

Vi
—

/)

I
I
|
|
v

sy sl o
5,1, 21,5V A% B
13,14 20,75xJAx B

Figure D.1 — Minimum distances for dual discharge
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Figure D.2 — Minimum distances for singie discharge
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Annex E

(normative)

Operation with liquid overfeed by pump circulation

E.1 Scope

This annex applies to unit air coolers for refrigeration operating with liquid overfeed by pump circulation of a
refrigerant It deals mainly with the confirming method for the assessment of the capacity. Unless otherwise

cman in prmarae safamsnan ahanld lan mnda ta tha cmastn hadey Afthic atnndaed
apc»lucu in this anncx, IerCienic 3a0iuh o MaGl O Ui mMaill oGy U1 uiis 5waiiGarG.

E.2 Standard conditions
The standard conditions for operation with liquid overfeed by pump circulation are given in Table E.1.

Table E.1 — Standard conditions for operation with liquid overfeed by pump circulation

::.::?; r: tAl tdp te rr tR]
T °C °C °C °C

SC1 +10 <=2 0 2 30

SC2 0 <-10 —8 2 30

SC3 -18 <27 ~25 2 30

SC4 -25 <-33 =31 2 30

SC5 -34 <-42 —40 2 30

The oil content shall be below 1 % of mass.

BINT PRSI WPV SIS AP PPy P [} PR,

NOTE The Supcincaiing at uic vapour outici of the Scparaior, whu.u will be close to he subcooled nqwu rculgcnml iemperaiure
are only used for capacity calculation. Therefore a fixed value on principle is not necessary. So for the subcooled liguid refrigerant
temperature, a convenient value was chosen.

&

r
W
2

easurements

The uncertainty of measurement for the recirculated refrigerant flow rate shall be not more than 15 % of the
measured value.

E.3.2 Measurement criteria

E.3.Z.1 The recircuiated refrigerant fiow rate shaii be measured by a mass fiow meter which does not cause
il ation of flash gas.

E.3.2.3 Care shall be taken with non-azeotropic refrigerants, so that concentration differences in the refrigerant
cycle do not influence the repeatability of test results.

E.3.2.4 The ambient temperature around the refrigerant installation shall be measured such that it is
representative for the calculation of the heat exchange with the ambient.
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E.4 Testing methods and equipment

E.4.1 Testing methods

E.4.1.1 General

The testing method and the measuring points are shown in Figure E.1.

E.4.1.2 Primary test method

For the primary test method, see the main body of this standard.

E.4.1.3 Confirming test method

The principle of this method is to measure the refrigerant flow rate through the expansion device and to multiply
it by the difference between the specific enthalpies at the inlet to the expansion device and at the outlet

connection to the compressor of the liquid separator.

The specific enthalpy difference of the refrigerant shall be determined from the temperature and pressure
measurements and physical properties of the refrigerant.

NOTE For a well-insulated installation, it can be assumed that the capacity thus determined is sufficiently equal to the unit air cooler’s real
capacity. At the cooler's connections it is impossible to determine the enthalpies and, moreover, the measurement of the recirculated
refrigerant flow rate is too uncertain.

E.4.2 Testing equipment

E.4.2.1 The pipes connecting the unit cooler to the measuring installation, as well as the installation itself,
particularly the liquid separator, shall be insulated thoroughly. The heat flow absorbed shall be below 0,5 % of
the measured capacity. No moisture shall condense on the test installation.

E.4.2.2 The flow meter in the low pressure circuit shall be placed between two sight glasses in order to check the
presence of flash gas.

E.4.2.3 Expansion device

In order to obtain the specific enthalpy of the refrigerant (primary) at the unit cooler inlet, the expansion point
shall be placed as close to the inlet of the separator as possible. Any expansion device is accepted.

E.4.24 Liquid traps

For non-azeotropic refrigerants, care shall be taken that liquid accumulations, necessary for the operation, do not
influence measurably the concentration in the cooler.

E.S Test procedures
E.5.1 Calibration of the refrigerant side of the installation
A calculation model shall be established in accordance with the state of the art, as a calibration of the refrigerant

cycle between the points for determining the enthalpies for the capacity calculation is considered to be too
uncertain.
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apacity measurements
E.5.2.1 Steady state conditions

The measurement of the cooling capacity shall be carried out in steady state conditions which shall be reached at
least half an hour before the test commences.

Steady state conditions are assumed to have been reached and maintained when all changes and periodic

tha fall
fluctuations during test duration remain within the following ranges:

a) subcooled refrigerant temperature e +3,0K;
b) vapour outlet temperature L 0,5 K;
c) refrigerant flow rates gmR, GmRPu 13,0 %.

In order to ensure that steady state conditions are maintained, all important data shall be continuously monitored
at intervals small enough to identify all significant fluctuations.

E.5.2.2 Permissible deviations

In order to retain sufficient accuracy when convertmg the measured capacity to the standard conditions, the mean

SO R % 1

test conditions shall be within the IOUOW‘U]g deviations from the standard conditions:

r +10 %,
Atgp 25K;
I +S K.

E.5.2.3 Conducting the test

When the recirculation rate deviates by not more than +10% from the standard value, only a single test is
required. For larger deviations up to +30 %, duplicate tests a) and b) shall be run, one above and one below the

RPN PR oS
standard value.

The following data shall be recorded for each of the tests
tar, tap, tamp , 5, (values at individual measuring points);
fry, Ir2 TR3;
Pam P, P» Pe2, PRI
gpandt, Ofqgue g . :
ambient temperature around the refrigerant side installation;
liquid refrigerant level in the separator;
oil content in the unit cooler;
Eel . T,
when applicable g,r or guw, fwi, twa
E.6 Capacity calculations

For each individual test, the following calculations apply.
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E.6.1 Confirming method

The cooling capacity is calculated by the following equation:
P =qum "(hnz _hll)

E.6.2 Recirculation rate for pump circulation

9 mRPu
PZ/Mo

nm=

E.7 Conversion to standard conditions

E.7.1 Cooling capacity

The standard capacity is obtained by linear interpolation of the test results over the recirculation rate according
to the following procedure:

tlm

P(l) =( 11; M(.) ]x Dtl(ﬂ) % F(a)

P ®
PO = o x D x F®
tl

@ _ p®
pov _ pty , \PY—PY x(rr® = ®)
® _ 0

When the recirculation rate deviates by not more than +10% from the standard value, the standard capacity is

P@),
E.7.2 Refrigerant side pressure drop

NOTE Contrary to a direct expansion operation where the refrigerant side pressure drop is a design criterion for pump circulation
operation, it is application data for the selection of the pump.

E.7.2.1 Single test

a) Determine:

APR“) =(PR| ”sz)m

) P(Sl) X ,.’.(St)

q
mRPu Ahc (st)

b) Standard liquid side pressure drop is determined according to:
s \M8

9 mRPy
ApR(s‘) =ADR(E) X (@)
Imrpy

where

g mrPu ® is the measured value.

NOTE 1,8 is an empirical value, considering that the exponent normally lies between 1,5 and 2. Therefore for a single test, the accuracy is
sufficient. Within the specified deviations, the influence of the recirculation rate is considered to be negligible.
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E.7.2.2 Duplicate tests

As a simple linear interpolation method is not applicable, a conversion to standard conditions shall be executed

by use of a calculation model in accordance with the state of the art and verified by the measured results.
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Figure E.1 — Circuit diagram for pump circulation
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A =  saturated liquid refrigerant at

unit cooler inlet

B = refrigerant at unit cooler
outlet connection

C =  saturated refrigerant vapour at
unit cooler outlet connection

I = AhyAh,

h
"

Figure E.2 — Definition of recirculation rate

Annex F (informative)
Procedure to measure the oil content

The oil content should be measured under steady state conditions, immediately after the capacity test has been
finished. The probe should be extracted from the liquid line directly before the expansion device.

The following procedure for measuring the oil content is recommended. Other methods are acceptable, provided
that the required accuracy is achieved.

a) Evacuate the pressure vessel for the oil/refrigerant mixture sample, having a volume of 100 cm’ to
200 em’.

b) Weigh the empty vessel with an accuracy of 0,1 g.

c) Connect this vessel to the liquid cooler at the appropriate position.

d) Weigh the vessel filled with the test sample with an accuracy of £0,1 g.

¢) Evaporate the refrigerant carefully in order to prevent any escape of oil with the refrigerant and
evacuate the vessel. The refrigerant is to be recovered.

f) Add a solvent to the remaining oil (e.g. methylchloroform) in the vessel. Shake the mixture carefully
and put it into an evaporating pan which has been weighed accurately to +1 mg. Following this, rinse
the vessel twice with the solvent and put this mixture into the pan also.

g) Evaporate the solvent by means of a boiling water bath.
h) Weigh the evaporation pan with the oil accurately to 1 mg.

i) The oil content is obtained by dividing the difference of the weights of the evaporating pan with and
without the remaining oil by the difference of the weights of the pressure vessel with and without the
refrigerant/oil test sample.
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