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Foreword

This European standard has been prepared by Technical Committee CEN/TC 44 "Household
refrigerating appliances and commercial refrigerated cabinets" the Secretariat of which is held by UNI.

This European standard has been drafted on a proposal of CECOMAF (European Committee of
Manufacturers of Refrigeration Equipment).

This European standard is composed of several parts:

Part 1: Refrigerated display cabinets - Terms and definitions

Part 2: Refrigerated display cabinets - General mechanical and physical requirements
Part 3: Refrigerated display cabinets - Linear dimensions, areas and volumes

Part 4: Refrigerated display cabinets - General test conditions

Part 5: Refrigerated display cabinets - Temperature test

Part 6: Refrigerated display cabinets - Classification according to temperatures

Part 7: Refrigerated display cabinets - Defrosting test

Part 8: Refrigerated display cabinets - Water vapour condensation test

Part 9: Refrigerated display cabinets - Electrical energy consumption test

Part 10: Refrigerated display cabinets - Test for the absence of odour and taste

Part 11: Refrigerated display cabinets - Installation, maintenance and user's guide

Part 12: Refrigerated display cabinets - Measurement of the heat extraction rate of the cabinets

when the condensing unit is remote from the cabinet

CEN/TC 44 held a meeting in Milan on 1990/11/26-27 and agreed to submit EN 441 Parts 1 to 11 for
enquiry through the CEN Central Secretariat (see resolution'N:9'in document CEN/TC 44 N.35 rev.1).
The comments received by the Secretariat on the six month enquiry were discussed by CEN/TC 44 in
Milan on 1992/11/04-06 and were the base for the preparation of this Part 12 (see resolution N.14 in
document CEN/TC 44 N.46). After amending, this part was-accepted by CEN/TC 44 on 1994/05/25 in
Milan (see resolution N.22 in document CEN/TC-44 N.57).

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 November 1997 and conflicting national standards
shall be withdrawn at the latest by November 1997.

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, lreland, Italy, Luxembourg,
Netherlands, Norway, Portugal, Spain, Sweden, Switzerland and the United Kingdom.
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1 Scope
1.1 This European Standard specifies terminology, general mechanical and physical requirements,
test conditions as well as installation, maintenance and user's guide for refrigerated display cabinets

for the sale and/or display of food products.

This standard does not cover refrigerated vending machines or cabinets intended for use in catering
or similar non retail applications.

1.2 This Part of EN 441 specifies heat extraction rate measurements and conditions for refrigerated
display cabinets when the condensing unit is remote from the cabinet and used with compression-type
or indirect-type refrigerating system.

2 Normative references

This European Standard incorporates by dated or undated reference, provisions from other
publications. These normative references are cited at the appropriate places 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.

EN 441-4 Refrigerated display cabinets - Part 4: General test conditions

EN 441-5 Refrigerated display cabinets - Part 5" Temperature test

ISO 817 . Organic refrigerants - Numberdesignation

3 Test procedure
.3.1 General test conditions

The cabinet shall be installed in the test room and the test shall be prepared and carried out during the
temperature test, in accordance with EN 441-4 and EN 441-5.

The condensing unit shall be connected to the cabinet in accordance with 3.2 or 3.3 and the operating
controls set to the manufacturer's instructions.

The refrigerant inlet and outlet temperatures shall be measured using temperature sensors directly
inserted into the pipe or inserted into pockets or clamped between the piping and a copper recovery
half-sleeve on the inlet and outlet pipe-lines positioned no further than 150 mm from the cabinet
exterior (see figures 1 and 3).

Where thermocouples or similar devices are utilised the sensor cables shall be arranged such that
external influences on the connection cables are eliminated by the use of insulation.

Temperature sensors, connecting wires and pipelines shall be insulated from the outlet of the cabinet
up to at least 150 mm beyond the measuring points.
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A flow measuring device (flowmeter) shall be installed on or into the liquid inlet supply line to the
cabinet in order to measure the liquid mass flow or volume flow rate of refrigerant.

A liquid sight glass shall be installed in the liquid piping upstream of the flowmeter in order to verify the
vapour free state of the refrigerant being supplied to the cabinet during the period of the test.

A temperature sensor shall be installed as stated above at 150 mm £10 mm upstream of the liquid
flowmeter, with the piping being insulated at least 150 mm upstream and from the sensor to the inlet
of the flowmeter.

A measurement of pressure shall be carried out at the cabinet outlet for compression type systems
and both inlet and outlet for indirect type systems at less than 150 mm from the cabinet.

The heat extraction rate necessary for the cabinet shall be determined from temperature, pressure
and flow rate readings which allow a resultant accuracy of + 6 %.

3.2 Specific test conditions for cabinets intended for connection to compression-type
refrigerating system

The condensing unit remotely located from the cabinet shall be connected to the cabinet in
accordance with figure 1.

The condensing unit selected for the test shall be capable of operating as follows:

- with the refrigerant at the saturated evaporating, pressure or temperature in service at the
cabinet outlet specified by the'manufacturer;

- supplying the liquid refrigerant vapour free'at the cabinet inlet (see the two sight glasses in
figure 1) at a sensible temperature within the-range of +26 °Cto +45 °C;-or supplying
subcooled liquid when specified. (1

In both conditions, the liquid temperature shall be stated.

NOTE 1: Minimum condensing temperatures in the region of +30 °C to +35 °C are
encountered with water-cooled condensers.

NOTE 2: The heat extraction rate of the compressor can be adjusted by having the
condensing temperature increased, which may bring the liquid temperature to +45 °C.

NOTE 3: An oil separator may be installed at the discharge of compressor to minimise the oil
content of the refrigerant

3.3 Specific test conditions for cabinets intended for connection to indirect-type refrigerating
system

The indirect-type refrigerating system shall be connected to the cabinet intended for this system in
accordance with figure 3.

The refrigerating system shall be capable of supplying secondary refrigerant fluid at the temperature
and flow rate specified by the manufacturer.
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4 Determination of heat extraction rate

4.1 Cabinets intended for compression-type refrigerating system

The heat extraction rate is determined as follows (see figures 1 and 2):

®o = gm(hs — ha)

where:
cI)o

hg, hy

Im

is the heat extraction rate required in kilowatts;

is the specific enthalpy in kilojoule per kilogram, where the state at point 8

corresponds to the refrigerant outlet of the cabinet and the state at clause 4
corresponds to the refrigerant inlet of the cabinet;

is the mass flow rate of liquid refrigerant in kilograms per second, if a mass
flowmeter is used; or

9m =9y, /v, Where q,, is the volume flow rate in cubic metres per second and v; is the specific
volume of liquid refrigerant in cubic metres per kilogram, at the flowmeter inlet temperature, 63, if a
volumetric flowmeter is used.

NOTE 1: As pressures, temperatures and liquid volume flow rates change in the course of the
operating cycle (for instance, pull down)after defrost), the valuesto be taken into
consideration are the arithmetic mean values of the values recorded or values of each
measurement which  are retorded imaccordance with-argiven frequency, during 75% of the
operating time, excluding defrost and the time just after defrost.

NOTE 2: Where cycling takes place during the fest period, the aboyve procedure may be used.
However the flow temperatures and pressures will be the arithmetic mean values leading to a
mean value of qm considering both the period of running and the period of stopping of the
compressor. Readings should be taken with a frequency of 20 s.

The percentage cycling time of the system during the test period and the minimum
evaporating temperature should be published in addition to the mean heat exiraction rate to
enable equipment selection ratings to be calculated.
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a) flowmeter
b) liquid supply
C) sight glass

d) vopour return

e) insulation (to at/least 150/mm from:temperature sensor)

f) copper thermo-pocket for housing the temperature sensor
(shall be filled with glycerin or a similar fluid)

g) refrigerant circulation pipe

h) temperature sensor

i) solder or weld

) to temperature recorder

m) pipe connection to cabinet

Figure 1: Connection of the cabinet to a remote compression-type refrigerating system
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a) evaporator pressure enthalpy diagram
b) cabinet showing measuring points
c) expansion device
d) flowmeter
e) liquid receiver
f) condenser
g compressor

Figure 2: Reference point locations for the cabinet connected to a remote compression-type
refrigerating system
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