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The UK participation in its preparation was entrusted to Technical Committee 
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A list of organizations represented on this committee can be obtained on 
request to its secretary. 
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Standards Online.
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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 1118:1993. 

The document was implemented previously as 
ENV 1118 in 1993 and no technical changes have 
been made. 

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 
June 1999, and conflicting national standards shall 
be withdrawn at the latest by June 1999.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. 

Foreword to amendment A1
This document (EN 1118:1998/A1:2002) has been 
prepared by Technical Committee CEN/TC 110, 
Heat exchangers, the Secretariat of which is held by 
BSI.

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 
April 2003, and conflicting national standards shall 
be withdrawn at the latest by April 2003.

This amendment is introduced to accommodate 
newly available refrigerants such as R404A, R407C 
and R410A.

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, Malta, 
Netherlands, Norway, Portugal, Spain, Sweden, 
Switzerland and the United Kingdom.
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Introduction 

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

1 Scope 

1.1 This European Standard applies to series produced liquid coolers which operate with a (primary) 
refrigerant and its purpose is to establish uniform methods to test and ascertain the following: 

— product identification; 

— capacity; 

— liquid flow rate; 

— liquid side pressure drop. 

This standard does not cover technical safety aspects. 

1.2 This standard deals with the following types of series produced liquid coolers for refrigeration: 

a) shell and tube type with: 

1) refrigerant in the shell; 

2) refrigerant in the tube(s); 

b) co-axial type with: 

1) refrigerant in the annulus; 

2) refrigerant in the tube(s); 

c) plate type. 

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 45001, General criteria for the operation of testing laboratories. 

3 Definitions 
For the purposes of this standard, the following definitions apply. 

3.1  
liquid cooler (refrigerant cooled) 
self-contained refrigeration system component transferring heat from a liquid to be cooled to an 
evaporating refrigerant. In Annex A the liquid cooler is limited by the system boundaries for calculation 
purposes 

3.2  
shell and tube type 
liquid cooler consisting of a shell with a tube arrangement inside the shell 

3.3  
co-axial type 
liquid cooler consisting of an outer tube with one or more inner tubes, all arranged parallel to each other 
the two fluids can flow either parallel or counter to each other 

3.4  
plate type 
liquid cooler consisting of parallel plates separating the two fluids 
© BSI 8 April 2003 3
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3.5  
working fluids 

3.5.1  
refrigerant (primary) 
working fluid in a refrigeration system, that absorbs heat by evaporation at a low temperature and rejects 
it by condensation at a higher temperature 

3.5.2  
liquid 
working fluid, circulated through the refrigeration system and remaining in liquid phase during the 
absorption or rejection of heat 

3.6  
capacity 

3.6.1  
capacity (liquid side) 
the cooling effect on the liquid, passing through the liquid cooler. It is defined as the product of the liquid 
mass flow rate and the difference between the specific enthalpies at the outlet and inlet connections of the 
liquid cooler 

3.6.2  
capacity (refrigerant side) 
the heat flow removed by the refrigerant between the inlet and the outlet connections of the system. It is 
defined as the product of the refrigerant mass flow rate and the difference between the specific enthalpies 
at the outlet and inlet connections of the liquid cooler 

3.7  
temperatures 

NOTE All temperatures are average values ascertained over the measuring period. 

3.7.1  
liquid inlet temperature 
the average temperature of the liquid at the inlet connection of the liquid cooler system taking into 
consideration the local liquid velocities (see system boundaries in Annex A) 

3.7.2  
liquid outlet temperature 
the average temperature of the liquid at the outlet connection of the liquid cooler system, taking into 
consideration the local liquid velocities (see system boundaries in Annex A) 

3.7.3  
ambient air temperature 
temperature of the air surrounding the liquid cooler 

3.7.4  
evaporating temperature 
!dew point temperature of the refrigerant, corresponding to the evaporating pressure" 

3.7.5  
vapour outlet temperature 

a) for direct expansion, flooded operation and liquid feed by gravity: the directly measured temperature 
of the refrigerant vapour at the suction outlet connection of the liquid cooler system (see system 
boundaries in Annex A) 

b) for liquid overfeed by pump circulation: the directly measured temperature of the refrigerant vapour 
at the suction outlet connection of the separator (see Annex A) 

3.7.6  
subcooled refrigerant temperature 
temperature of the liquid refrigerant at the inlet of the expansion device (not part of the liquid cooler) 
4 © BSI 8 April 2003
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!3.7.7  
bubble point temperature
temperature corresponding to the absolute pressure of the refrigerant at the inlet connection of the 
expansion devices"

3.8  
temperature differences 

3.8.1  
inlet temperature difference 
difference between the liquid inlet temperature and the evaporating temperature 

3.8.2  
superheating 
difference between the vapour outlet temperature and the evaporating temperature 

3.8.3  
subcooling 
!difference between the bubble point temperature corresponding to the absolute pressure of the 
refrigerant at the inlet connection to the expansion device and the subcooled refrigerant temperature" 

3.8.4  
liquid temperature difference 
difference between the liquid inlet and outlet temperatures 

!3.8.5  
high glide
refrigerant where the difference between the condensing and bubble point temperatures at a condensing 
temperature of 40 °C is greater than 3 K"

3.9  
liquid pressure 
NOTE All pressures are average values ascertained over the measuring period. 

3.9.1  
liquid inlet pressure 
static pressure of the liquid at the inlet connection of the liquid cooler 

3.9.2  
liquid outlet pressure 
static pressure of the liquid at the outlet connection of the liquid cooler 

3.10  
operation 

3.10.1  
direct expansion operation 
evaporation process in which the primary refrigerant enters the liquid cooler via a direct expansion device 
as a liquid-vapour mixture and leaves it in superheated state (see system boundaries in Annex A) 

3.10.2  
flooded operation 
evaporation process in which the refrigerant flow is controlled by keeping the refrigerant liquid level in the 
liquid cooler constant (see system boundaries in Annex A) 

3.10.3  
operation with liquid feed by gravity 
evaporation process in which the refrigerant leaves the liquid cooler in partially evaporated state. The 
refrigerant is circulated by gravity and the difference in refrigerant density at the liquid cooler inlet and 
outlet. The process is accomplished in a system which consists of a liquid cooler, a low pressure separator 
and the connecting lines. The refrigerant flow is controlled by keeping the refrigerant liquid level in the 
separator constant (see system boundaries in Annex A) 
© BSI 8 April 2003 5
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3.10.4  
operation with liquid overfeed by pump circulation 
evaporation process in which the refrigerant leaves the liquid cooler in partially evaporated state. The 
process is accomplished in a system which consists of a liquid cooler only, and is operated by a liquid pump 
and a separator which is a part of a refrigerating machine. The refrigerant is transported between the 
separator and the liquid cooler by a mechanical pump (see system boundaries in Annex A) 

3.11  
refrigerant enthalpies 

3.11.1  
refrigerant inlet specific enthalpy 
specific enthalpy of the refrigerant at the inlet connection of the liquid cooler system

It is defined as the specific enthalpy of the saturated liquid refrigerant at the inlet of the expansion device 
corresponding to the subcooled refrigerant temperature. 
This also applies to liquid overfeed by pump circulation as there the refrigerant inlet enthalpy cannot be 
defined by temperature and pressure measurement (see Annex A) 

3.11.2  
refrigerant outlet specific enthalpy 
!specific enthalpy of the refrigerant at the outlet connection of the liquid cooler system. It is defined as 
the specific enthalpy of the refrigerant corresponding to the evaporating pressure and the vapour outlet 
temperature. 
This also applies to liquid overfeed by pump circulation as there the refrigerant outlet enthalpy cannot be 
defined by temperature and pressure measurement and this definition is only applicable to capacity 
calculations (see Annex A)."

3.11.3  
specific vaporization enthalpy 
enthalpy at the evaporation temperature without regard to the pressure drop across the liquid cooler 
system 

3.12  
refrigerant recirculation rate 
ratio between the actual mass flow rate through the liquid cooler and the mass flow rate necessary for the 
total evaporation of the refrigerant. i.e. refrigerant recirculation rate, 

rr = ¹h0/¹he

[see also F.2] 

3.13  
fouling resistance
thermal resistance of a layer of unwanted deposit on the heat exchanger surface reducing it’s 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 the heat transfer surface by the factory’s cleaning process.

3.14  
set of tests
a number of individual tests at a constant liquid flow rate and different conditions on the refrigerant side 
of the liquid cooler. 
NOTE A duplicate set of tests consists of two sets of tests.

!3.15  
oil content
proportion of oil by mass in the refrigerant related to the pure refrigerant"
6 © BSI 8 April 2003
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4 Symbols 

For the purposes of this European Standard the following apply. 

4.1 Letters 

cpL specific heat capacity of the liquid kJ/kg/K
hL1 specific enthalpy of the liquid at the inlet connection kJ/kg 
hL2 specific enthalpy of the liquid at the outlet connection kJ/kg 
hR1 specific refrigerant inlet enthalpy kJ/kg 
hR2 specific refrigerant outlet enthalpy kJ/kg 
hR3 specific refrigerant enthalpy at the outlet connection of the liquid cooler for pump 

circulation 
kJ/kg 

patm atmospheric pressure Pa 
pe saturation pressure corresponding to the evaporating temperature bar 
pe1 refrigerant pressure at separator outlet connection for pump circulation bar 
pL1 liquid pressure at the inlet connection bar 
pL2 liquid pressure at the outlet connection bar 
pR1 refrigerant pressure at expansion device inlet bar 
PL capacity (liquid side) kW 
PR capacity (refrigerant side) kW 
qL liquid flow rate 
qR refrigerant flow rate 
qmRPu refrigerant mass flow through pump kg/s 
RL refrigerant liquid level mm 
rd relative deviation —
rr recirculation rate —
ÔL liquid density kg/m3 
tamb ambient air temperature °C 
tMR temperature of refrigerant at flow measuring point °C 
te evaporating temperature °C 
tL1 liquid inlet temperature °C 
tL2 liquid outlet temperature °C 
t(pR1) saturation temperature corresponding to pR1 °C 
tR1 subcooled refrigerant temperature °C 
tR2 vapour outlet temperature at the liquid cooler or separator outlet connection °C 
tR3 actual temperature at liquid cooler system outlet connection (pump circulation) °C 
¹tsup superheating = tR2 p te K 
¹t1 inlet temperature difference = tL1 p te K 
¹tsub subcooling = t(pR1) p tR1 K 
¹tL liquid temperature difference = tL1 p tL2 K 
¹h0 specific vaporization enthalpy kJ/kg 
¹he refrigerant specific enthalpy change in the liquid cooler system kJ/kg 
¹pL pressure drop on the liquid side = pL1 p pL2 Pa 
Z test duration s 
© BSI 8 April 2003 7
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4.2 Subscripts 

4.3 Superscripts 

5 Standard capacity 

5.1 Basis for standard capacity data 

The capacity of a given liquid cooler depends on: 

a) the evaporating temperature; 

b) the temperature differences between liquid and refrigerant; 

c) the mass flows of refrigerant and liquid; 

d) the way of operation, e.g. refrigerant level or its state of superheating at the outlet; 

e) the oil content; 

f) further conditions, e.g. of subcooled refrigerant temperature, rate of recirculation; 

g) the type of refrigerant and liquid; 

h) the fouling conditions. 

Therefore the liquid cooler capacity shall be specified for specific operating conditions. 

5.2 Standard capacity conditions 

5.2.1 General 

The standard capacity shall be based on tests performed on a clean liquid cooler under the conditions given 
in 5.2.2, 5.2.3, 5.2.4 and 5.2.5. 

5.2.2 Liquid 

The liquid type is water. 

Its quality shall be such that it does not cause measurable fouling during the entire operation for 
establishing the test. 

m mass 
v volume 
M flow meter 
numbers positions defined on the circuit diagrams in Annex A 

(st) standard 
(a,b) identifies a set of tests 
(v,w,x) identifies an individual test within a set of tests with: 

— different levels of superheating (direct expansion); or 

— refrigerant levels (flooded operation, liquid feed by gravity); or 

— recirculation rates (pump circulation). 
8 © BSI 8 April 2003
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5.2.3 For direct expansion operation 

a) te = +2 °C; 

b) tL1 = +12 °C; 

c) either: 

1) ¹tL = 5 K; 

2) qmL as specified by manufacturer, but (¹tL/¹t1) k 0,60; 

d) oil content k 1 % (by mass); 

e) tR1 = +30 °C; 

f) ¹tsup = 6,5 K. 

5.2.4 For flooded operation and liquid overfeed by gravity 

a) te = +2 °C; 

b) tL1 = +10 °C; 

c) either: 

1) ¹tL = 5 K; 

2) qmL as specified by manufacturer, but (¹tL/¹t1) k 0,60; 

d) oil content as specified by manufacturer; 

e) tR1 = +30 °C; 

f) RL as required by manufacturer: 

1) in the liquid cooler for flooded operation; 

2) in the low pressure separator for pump circulation operation; 

g) the static head on the refrigerant side shall not be smaller than 1m for liquid feed by gravity. 

5.2.5 For pump circulation operation 

a) te = +2 °C; 

b) tL1 = +10 °C; 

c) either: 

1) ¹tL = 5 K; 

2) qmL as specified by manufacturer, but (¹tL/¹t1) k 0,60; 

d) tR1 = +30 °C; 

e) oil content as specified by manufacturer; 

f) rr as specified by manufacturer but not lower than 1,3. 

6 Manufacturer’s data 
To identify the liquid cooler and allow its traceability, the manufacturer or supplier shall supply the test 
house with the following minimum information for every liquid cooler: 

a) type; 

b) capacity at standard conditions; 

c) refrigerant; 

d) method of operation, e.g. direct expansion or flooded operation; 

e) where applicable: the influence of superheating on the capacity; 

f) where applicable: the refrigerant level; 

g) cooler refrigerant side, internal volume; 

h) cooler liquid side, internal volume; 
© BSI 8 April 2003 9
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