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(54) A METHOD FOR PROVIDING A DIAGNOSTIC ASSESSMENT OF A CHILLER

(57)  Amethod for providing a diagnostic assessment
ofachiller (1), the chiller (1) being provided with a plurality
of components including a condenser (3), an evaporator
(4), an expansion valve (5) and a refrigerant fluid, com-
prises the following steps: providing a diagnostic param-
eter (9), representative of a performance of the chiller (1)
or of one of its components; providing a firstinput param-
eter (7) and a second input parameter (8), the first and
the second input parameter (7, 8) being representative
of a working condition of the chiller (1) or of one of its

FIG. 1

components; memorizing a plurality of values for the di-
agnostic parameter (9), each value being measured at a
respective couple of values of the first and second input
parameter (7, 8), whereby providing a mapping (10) of
the diagnostic parameter (9) in an input space defined
by the first and second input parameters (7, 8), so that
each couple of values of the first and second input pa-
rameter (7, 8) defines a corresponding point in the input
space (10).
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Description

[0001] The present invention relates to a method and
a system for providing a diagnostic assessment of a chill-
er.

[0002] Chillers commonly comprise a refrigeration cir-
cuit for circulating a refrigerant fluid, the refrigeration cir-
cuitincludes a compressor, a condenser, an evaporator,
an expansion valve. Examples of chillers are provided in
patent documents EP2333438A1 and EP2306101A1 of
the same patentee.

[0003] Chillers are characterized by a certain perform-
ance, which may be defined by parameters such as En-
ergy Efficiency Ratio (EER), Coefficient of Performance
(COP), or others. These parameters change over the life
of the chiller; in particular, they have a certain value when
the chiller is new and may decrease when the chiller gets
old. Hence, there is a need to observe the trend of the
chiller performance over time, to evaluate, for example,
when the chiller has to be substituted.

[0004] Methods for evaluating performance of chillers
are disclosed in the following patent documents:
EP2420759A1, US2011/283718A1, EP2660537A1,
JP2005114295A, US2018/010835A1, EP2908066A2. In
this context, there is a need to evaluate the performance
with increased effectiveness and precision.

[0005] Scope of the present invention is to provide
method and a system which overcome the aforemen-
tioned drawbacks.

[0006] This scope is achieved by the method and the
system for providing a diagnostic assessment of a chiller,
according to one or more of the appended claims.
[0007] The present disclosure relates to a method for
providing a diagnostic assessment of a chiller (or refrig-
eration system).

[0008] The chiller includes one or more refrigeration
circuits. The chiller (or each of said one or more refrig-
eration circuits) comprises a refrigerant fluid. The chiller
(or each of said one or more refrigeration circuits) is con-
figured for circulating the refrigerant fluid.

[0009] The chiller (or each of said one or more refrig-
eration circuits) includes a condenser. The condenser is
configured for condensing the refrigerant fluid. The con-
denser is configured for providing heat exchange be-
tween the refrigerant fluid and an external fluid (for ex-
ample external air or water). In particular, in the condens-
er the refrigerant fluid releases heat to said external fluid,
resulting in condensation of the refrigerant fluid.

[0010] The chiller (or each of said one or more refrig-
eration circuits) includes an expansion valve. The expan-
sion valve is configured for expanding the refrigerant flu-
id. More generically, the expansion valve may be substi-
tuted by an expansion device.

[0011] The chiller (or each of said one or more refrig-
eration circuits) includes an evaporator. The evaporator
is configured for providing heat exchange between the
refrigerant fluid and a fluid to be cooled (for example,
room air to be cooled or water to be cooled). In particular,
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in the evaporator, the refrigerant fluid absorbs heat from
said fluid to be cooled, resulting in evaporation of the
refrigerant fluid.

[0012] The chiller (or each of said one or more refrig-
eration circuits) includes a compressor. The compressor
is configured for compressing the refrigerant fluid. The
compressor includes a motor (e.g. an electric motor).
[0013] It is here observed that the compressor, the
evaporator, the condenser and the expansion valve of
each of said one or more refrigeration circuits of the chiller
defines a component of the chiller. Hence, the chiller is
provided with a plurality of components, including at least
a compressor, a condenser, an evaporator and an ex-
pansion valve. In particular, the chiller includes a com-
pressor, a condenser, an evaporator and an expansion
valve for each of said one or more refrigeration circuits.
[0014] The method comprises a step of providing a di-
agnostic parameter, representative of the performance
of the chiller or of one of its components (e.g. of one
compressor). In particular, the diagnostic parameter may
be provided by measuring it or by estimating (calculating)
it on the basis of measurements.

[0015] The method comprises a step of providing afirst
input parameter. The first input parameter is represent-
ative of a working condition of the chiller or of one of its
components.

[0016] The method comprises a step of providing a
second input parameter. The second input parameter is
representative of a working condition of the chiller (or of
one of its components). In fact, the performance of the
chiller (or of one of its components) depends on the work-
ing conditions and has to be evaluated on the basis of
these working conditions.

[0017] The method comprises a step of memorizing a
plurality of values for the diagnostic parameter, each val-
ue being measured (or calculated starting from corre-
sponding measurements) at a respective value of the
first and/or second input parameter. In particular, each
value is measured (or calculated starting from corre-
sponding measurements) at a respective couple of val-
ues of the first and second input parameter.

[0018] The method comprises a step of providing a
mapping of the diagnostic parameter in an input space
defined by the first and/or second input parameters; in
particular, the mapping of the diagnostic parameter is
such that each couple of values of the first and second
input parameter defines a corresponding point in the in-
put space (the point corresponding to a value of the di-
agnostic parameter).

[0019] The method comprises a step of assessing the
performance of the chiller (or of one of its components)
based on the mapping of the diagnostic parameter.
[0020] In particular, the firstinput parameter is the load
of the chiller (or of one of its components) (with respect
to a maximum load value, or as an absolute value). For
example, the (actual) load of the chiller (or of one of its
components) may have a value comprised between 25%
and 100% of the maximum load value. The load may be
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assessed on the basis of the power consumption of the
compressor (for instance, a power sensor may be pro-
vided to measure the power absorbed by the compres-
sor).

[0021] It is provided that the second input parameter
is the temperature of the external fluid (in heat exchange
with the refrigerant fluid in the condenser). In particular,
in case the condenser is configured to provide heat ex-
change between the refrigerant fluid and external (am-
bient) air, the second input parameter is (the value of)
the external air temperature. For example, the external
air may have a value comprised between 5°C and 45°C.
The external air temperature may be measured by a ther-
mometer provided in the external environment. In case
the condenser is configured to provide heat exchange
between the refrigerant fluid and water, the second input
parameter is (the value of) the temperature of the water
at the outlet of the condenser. The water temperature
may be measured by athermometer provided in the water
circuit at the outlet of the condenser.

[0022] Preferably, the plurality of values for the diag-
nostic parameter includes two or more values measured
atdifferentload values and two or more values measured
at different values of the second input parameter.
[0023] Preferably, the step of assessing the perform-
ance of the chiller (or of one of its components) based
on the mapping of the diagnostic parameter includes cal-
culating a weighted average of the diagnostic parameter
over a plurality of points of the input space having differ-
entvalues of the load. Preferably, the method comprises
a step of deriving (or estimating) further values for the
diagnostic parameter at corresponding further points of
the input space, on the basis of the measured values for
the diagnostic parameter.

[0024] Preferably, the further values for the diagnostic
parameter are derived (or estimated) as a function of a
distance, evaluated in the input space, of the further
points with respect to the measured points. In particular,
said further values may be derived through extrapolation
and/or interpolation. So, the diagnostic parameter may
be provided over the whole input space. In an ideal so-
lution, it would be recommended to calculate the value
of the diagnostic parameter over the whole input space,
namely at all the possible load values and at all the pos-
sible values of the second input parameter. However,
this would require that the chiller is placed at all the pos-
sible working conditions in a reasonably short amount of
time (because of the performance changes over time, a
diagnostic parameter value may not be significant of the
performance of the chiller (or of one of its components)
at a certain time instant, if it is measured several months
after the time instant). This is quite difficult to obtain,
since, for example, the external temperature changes
with seasons: hence, if the diagnostic parameter is meas-
ured during winter, the points of the input space corre-
sponding to high external air temperature can hardly be
reached. For these reasons, it is preferably provided the
step of deriving further values for the diagnostic param-
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eter at corresponding further points of the input space.
[0025] Inanembodiment, the method comprises astep
of measuring (or calculating on the basis of measure-
ments) additional values of the diagnostic parameter at
successive times, and a step of upgrading the mapping
over time, on the basis of the additional values. There-
fore, the diagnostic parameter values in the input space
may be calculated at different time instants over the life
of the chiller. In particular, the upgrading of the mapping
may be carried out through artificial intelligence tech-
niques. In an embodiment, the performance of the chiller
is evaluated as a function of a variation of the mapping
over time. Also, the variation of the mapping over time
may be evaluated by artificial intelligence techniques.
[0026] The diagnostic parameteris preferably selected
from the following list (or representative of a parameter
of the following list):

* Energy efficiency ratio (EER);

* Coefficient of performance (COP);

* Compressor Isoentropic Efficiency;

e Evaporator Logarithmic Mean Temperature Differ-
ence;

¢ Condenser Logarithmic Mean Temperature Differ-
ence;

* Rate of opening of the expansion valve;

*  Evaporator heat exchange coefficient;

e Condenser heat exchange coefficient.

[0027] In case the chiller comprises a plurality of re-
frigeration circuits, each one including a respective evap-
orator, a respective condenser, a respective expansion
valve and a respective compressor, the above-men-
tioned parameters may be referred to a certain refriger-
ation circuit of said plurality, or may be mean values of
the said plurality of refrigeration circuits (or of a certain
sub-set of said plurality of refrigeration circuits).

[0028] In particular, the EER or COP is the ratio of the
output cooling or heating power (e.g. measured in kW)
to the input electrical power (e.g. measured in kW), re-
quired to provide said cooling or heating power.

[0029] The Compressorisoentropicefficiencyisthera-
tio of the delta enthalpy (expressed in kJ/kg) required to
execute an ideal compression process (e.g. without any
variation on entropy) to the delta enthalpy actually re-
quired by the real compression process, wherein the del-
ta enthalpy actually required may be calculated as a func-
tion of the ratio between the electrical power at the com-
pressor inlet (expressed in kW, i.e. kJ/s) to the compres-
sor mass flow rate (expressed in kg/s).

[0030] The Logarithmic Mean Temperature Difference
of the evaporator and of the condenser is defined as fol-
lows:

ATy - ATy

ATy = ot =02
M (AT /ATY)



5 EP 3 839 363 A1 6

wherein AT, is the temperature difference between the
two streams (a first stream is the refrigerant fluid and a
second stream is the room air or the external fluid, being
in heat exchange with the refrigerant fluid in the evapo-
rator and the condenser, respectively) at a first end of
the evaporator or the condenser. AT, is the temperature
difference between the two streams at a second end of
the evaporator or the condenser. Hence, the Logarithmic
Mean Temperature Difference is representative the ex-
changed heat in the evaporator/condenser.

[0031] The rate of opening of the expansion valve is
an aperture degree of the expansion valve.

[0032] The heat exchange coefficient (or heat transfer
coefficient) of the evaporator or of the condenser is ratio
of the exchanged heat in the evaporator or condenser
(in watts) to the product between the useful area of heat
exchange (in m2) and the Logarithmic Mean Tempera-
ture Difference of the evaporator and of the condenser,
respectively (in Kelvin). The present disclosure also pro-
vides a system for providing a diagnostic assessment of
a chiller. The chiller includes (or is provided with) a plu-
rality of components, including compressor, a condens-
er, an evaporator, an expansion valve and a refrigerant
fluid.

[0033] Thesystemcomprisesa (oratleastone)sensor
for sensing a diagnostic parameter, representative of the
performance of the chiller (or of one of its components)
(or for sensing values which allow to calculate the diag-
nostic parameter).

[0034] The system comprises a control unit. In an em-
bodiment, the control unit calculates the diagnostic pa-
rameter on the basis of sensed values).

[0035] The control unitincludes a processor. Prefera-
bly, the control unit includes a memory (or is connected
to a remote memory). The control unit is configured for
receiving values of a first input parameter and/or of a
second input parameter; the first and the second input
parameter are representative of a working condition of
the chiller (or of one of its components).

[0036] The control unit (in detail, the processor) is pro-
grammed for measuring (receiving or calculating),
through the sensor (or the atleast one sensor), a plurality
of values for the diagnostic parameter. Each value of said
plurality is measured at a respective couple of values of
the first and second input parameter.

[0037] The control unit (in detail, the processor) is pro-
grammed for storing the plurality of measured value in
the memory, thus providing a mapping of the diagnostic
parameter in an input space defined by the first and sec-
ond input parameters, so that each couple of values of
the first and second input parameter defines a corre-
sponding point in the input space (wherein the diagnostic
parameter has a certain value).

[0038] The control unit (in detail, the processor) is pro-
grammed for assessing the performance of the chiller (or
of one of its components), based on the mapping of the
diagnostic parameter.

[0039] Preferably, the first input parameter is the load
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of the chiller (or of one of its components), with respect
to a maximum load value.

[0040] Preferably, the second input parameter is the
temperature of an external fluid at the inlet or at the outlet
of the condenser, wherein the condenser is configured
to provide heat exchange between the refrigerant fluid
and the external fluid. In particular, the second input pa-
rameter may be the temperature of the external air or the
temperature of the water (the external fluid being water)
at the outlet of the condenser.

[0041] The diagnostic parameter is selected from the
following list (or is representative of a parameter of the
following list):

* Energy efficiency ratio (EER);

*  Coefficient of performance (COP);

* Compressor Isoentropic Efficiency;

e Evaporator Logarithmic Mean Temperature Differ-
ence;

e Condenser Logarithmic Mean Temperature Differ-
ence;

* Rate of opening of the expansion valve;

*  Evaporator heat exchange coefficient;

e Condenser heat exchange coefficient.

[0042] Itis also provided a system wherein a plurality
of diagnostic parameters selected from said list are as-
sessed.

[0043] In particular, if the diagnostic parameter is the
EER or COP. A sensor or a plurality of sensors will be
provided to sense the cooling or heating power and an
additional sensor or a plurality of sensors will be provided
to sense the chiller input electrical power.

[0044] If the diagnostic parameter is the Isoentropic
Efficiency, a sensor or a plurality of sensors will be pro-
vided to sense the compressor mass flow rate and an
additional sensor or a plurality of sensors will be provided
to sense electrical power at the compressor inlet (which
are used to calculate the enthalpy at compressor in-
let/outlet).

[0045] If the diagnostic parameter is the Evaporator
Logarithmic Mean Temperature Difference, a sensor or
a plurality of sensors will be provided at the evaporator,
to sense arefrigerant saturated temperature at the evap-
orator.

[0046] If the diagnostic parameter is the Condenser
Logarithmic Mean Temperature Difference, a sensor or
a plurality of sensors will be provided at the condenser,
to sense a refrigerant saturated temperature at the con-
denser.

[0047] Ifthe diagnostic parameteris the rate of opening
of the expansion valve, a sensor or a plurality of sensors
will be provided at the expansion valve, to sense said
rate of opening of the expansion valve.

[0048] If the diagnostic parameter is the evaporator
heat exchange coefficient, a sensor or a plurality of sen-
sors will be provided at the evaporator, to sense the re-
frigerant saturated temperature, and an additional sensor
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will be provided at the evaporator, to sense the water
inlet and/or outlet temperature.

[0049] If the diagnostic parameter is the condenser
heat exchange coefficient, a sensor or a plurality of sen-
sors will be provided at the condenser, to sense the re-
frigerant saturated temperature, and an additional sensor
or aplurality of sensors will be provided at the condenser,
to sense the water inlet and/or outlet temperature at con-
denser.

[0050] Preferably, the processor is programmed for
deriving further values for the diagnostic parameter at
corresponding further points of the input space, on the
basis of the measured values for the diagnostic param-
eter. For example, further values may be derived through
extrapolation and/or interpolation.

[0051] Preferably, the processor is programmed for
measuring additional values of the diagnostic parameter
at successive times, and for upgrading the mapping over
time, on the basis of the additional values.

[0052] In an embodiment, the control unit is located in
aserverremote fromthe chiller and is connected, through
a communication network, to a plurality of sensors locat-
ed at a corresponding plurality of chillers, for assessing
the performance of each chiller (or of a component of
each chiller) of said plurality of chillers. In particular, the
control unitincludes a database which receives a plurality
of diagnostic parameters from the plurality of chillers (dur-
ing successive time instants) and performs overall eval-
uations to assess an average performance trend of the
plurality of chillers. In an embodiment, the control unit is
configured for comparing a first diagnostic parameter
measured on a first chiller of said plurality with a second
diagnostic parameter measured on a second chiller of
said plurality, and to evaluate the performance of the first
chiller with respectto the performance of the second chill-
er. In an embodiment, the control unit is configured for
comparing a first mapping derived for the first chiller with
a second mapping derived for the second chiller, to eval-
uate the performance of the first chiller with respect to
the performance of the second chiller.

[0053] Itis here observed that the present disclosure
may also regard a remote server connected to a plurality
of chillers and programmed to receive a plurality of meas-
ured diagnostic parameters from the plurality of chillers
and to perform aggregated performance analysis of the
chillers (or of components thereof), based on the corre-
sponding plurality of measured diagnostic parameters.
[0054] The present disclosure also relates to a chiller
comprising (at least) a refrigerant circuit including com-
pressor, a condenser, an evaporator and an expansion
valve, and a refrigerant fluid circulating in the refrigerant
circuit. The chiller comprises a system for providing a
diagnostic assessment of the chiller, the system being
according to one or more of the aspects of the present
disclosure.

[0055] The present disclosure also relates to a com-
puter program, including instructions for carrying out the
steps of the method according to one or more of the as-

10

15

20

25

30

35

40

45

50

55

pects of the present disclosure, in particular when run in
the system according to one or more of the aspects of
the present disclosure. This and other features of the
invention will become more apparent from the following
detailed description of a preferred, non-limiting example
embodiment of it, with reference to the accompanying
drawings, in which:

- Figure 1 schematically illustrates a chiller according
to the present description;

- Figure 2 schematically illustrates a mapping includ-
ing a plurality of values of the diagnostic parameter
calculated or estimated for the chiller of figure 1;

- Figure 3 schematically illustrates steps of a method
for providing the mapping of figure 2.

[0056] With reference to the accompanying drawings,
the numeral 1 denotes a chiller. The chiller 1 comprises
arefrigeration circuit. The refrigeration circuit (or the chill-
er) includes a plurality of components, including a com-
pressor 2, a condenser 3, an evaporator 4 and an ex-
pansion valve 5. In non-illustrated embodiments, the
chiller 1 may comprise a plurality of refrigeration circuits.
[0057] In an embodiment, the chiller 1 (or the refriger-
ation circuit) comprises a four-way valve 6, configured to
allow the chiller 1 to work both in a refrigeration mode
and in a cooling mode.

[0058] The chiller 1 comprises a system for providing
a diagnostic assessment of the chiller 1 (or of a compo-
nent of the chiller 1).

[0059] The system includes a diagnostic sensor for
sensing a diagnostic parameter 9 (or for sensing param-
eters representative thereof).

[0060] Furthermore, the systemincludes afirstsensor,
configured for sensing a first input parameter 7, which is
preferably the load of the chiller 1 (in particular, of the
compressor 2). The system includes a second sensor,
configured for sensing a first input parameter 7, which is
preferably the external (ambient) air temperature Tga.
[0061] The system includes a control unit. The control
unit is programmed for receiving a plurality of values of
the diagnostic parameter 9, each value of the diagnostic
parameter 9 being detected at a respective couple of
values of the first and second input parameter 7, 8.
[0062] The control unit is further programmed for stor-
ing the plurality of measured values of the diagnostic pa-
rameter 9 in a memory, thus providing a mapping 10 of
the diagnostic parameter 9 in an input space defined by
the first and second input parameters 7, 8. In particular,
the mapping is 10 is such as each couple of values of
the first and second input parameter 7, 8 defines a cor-
responding point in the input space, whereby at each
point the diagnostic parameter 9 takes a certain value.
[0063] In particular, the control unit is configured for
carrying out the following steps (which may also be steps
of a method for assessing the performance of the chiller

1):
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A) Receiving an initialized input space, wherein in
the initialized input space the diagnostic value 9 is
provided as a function of the load and as a function
of the external air temperature Ty (or of the water
at the outlet of the condenser); in particular, in the
initialized input space, initial values of the diagnostic
parameter 9 (e.g. the EER) may be expressed as
follows:

EER= f1(OAT) + f2(LOAD).

B) Measuring, through the sensor, a plurality of val-
ues for the diagnostic parameter 9, each value being
measured at a respective couple of values of the first
and secondinput parameter 7, 8; preferably, the con-
trol unit also performs a memorization of the meas-
ured values of the diagnostic parameters 9 in the
memory;

C) Calculating coefficients of proximity k, and k, on
the basis of the initialized input space and of the
measured values of the diagnostic parameter 9, so
that the diagnostic parameter may be provided by

the following formula: EER= Kk *f{(OAT) +
ko*f,(LOAD).
[0064] Hence, the step of measuring B provides a da-

taset of actual values of the diagnostic parameters; then,
in the step of calculating C, the control unit adjusts the
initialized input space on the basis of the actual values,
to provide the mapping 10. Of course, the mapping 10 is
more precise in the points which are nearer to the points
wherein the values of the diagnostic parameters 9 are
measured; in fact, in the points which are farer from the
actual values of the diagnostic parameters 9, the diag-
nostic parameter is more approximately estimated (by
means of interpolations and/or extrapolations).

[0065] Steps B and C may be periodically repeated, to
update the mapping 10, so as to assess the performance
over time. So, the control unit may assess a performance
trend over time.

[0066] In particular, with regard to step B of measuring,
it is observed the following. The control unit may, at a
plurality of predefined time instants (e.g. every month),
perform measurements of the diagnostic parameter 9 at
respective couples of values of the first and second input
parameter 7, 8; then, the control unit may memorize, for
each measurement, arecord including the measured val-
ue of the diagnostic parameter 9, the couple of values of
the first and second input parameter 7, 8 at which the
diagnostic parameter 9 has been measured, and a times-
tamp representative of the time instant at which the meas-
urement has been carried out. The record may be mem-
orized in the local memory or the control unit and/or may
be sent to a remote server in which records originated
by a plurality of chillers 1 are collected.

[0067] Itis also provided that the diagnostic parameter
9 may be measured continuously over time (and, also,
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the first and second input parameter 7, 8 are measured
continuously) and that the control unit may include a re-
spective threshold value for the first and/or second input
parameter 7, 8. In case the first and/or second input pa-
rameter 7, 8 exceeds the respective threshold value, the
control unit may activate the memorization of a record
including the measured diagnostic parameter 9 and the
first and second input parameter 7, 8 at which it is meas-
ured (preferably, together with a timestamp representa-
tive of the time instant at which the measurement has
been carried out). This record may be memorized in the
local memory or the control unit and/or may be sentto a
remote server in which records originated by a plurality
of chillers 1 are collected.

[0068] It is also provided that, in the measuring step
B, the chiller 1 is deliberately run at a predefined range
of values of the first input parameter (namely, load), in
order to obtain a plurality of diagnostic parameters 9
measured in the whole predefined range of values of the
firstinput parameter. The predefined range of values may
be, for instance, from 25% to 100% of the maximum load.

Claims

1. A method for providing a diagnostic assessment of
a chiller (1), the chiller (1) being provided with a re-
frigerant fluid and a plurality of components including
a compressor (2), a condenser (3), an evaporator
(4), an expansion valve (5), the method comprising
the following steps:

« providing a diagnostic parameter (9), repre-
sentative of a performance of the chiller (1) or
of one of its components;

« providing a first input parameter (7) and a sec-
ond input parameter (8), the first and the second
input parameter (7, 8) being representative of a
working condition of the chiller (1) or of one of
its components;

* memorizing a plurality of values for the diag-
nostic parameter (9), each value being meas-
ured at a respective couple of values of the first
and second input parameter (7, 8), whereby pro-
viding a mapping (10) of the diagnostic param-
eter (9) in an input space defined by the firstand
second input parameters (7, 8), so that each
couple of values of the first and second input
parameter (7, 8) defines a corresponding point
in the input space (10);

« assessing the performance of the chiller (1) or
of one of its components, based on the mapping
(10) of the diagnostic parameter (9).

2. The method of claim 1, wherein the firstinput param-
eter (7) is the load of the chiller (1) or of one of its
components, with respect to a maximum load value,
wherein the condenser (3) is configured to provide
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heat exchange between the refrigerant fluid and an
external fluid and wherein the second input param-
eter (8) is the temperature of the external fluid at the
inlet or at the outlet of the condenser (3).

The method of claim 2, wherein the plurality of values
for the diagnostic parameter (9) includes two or more
values measured at different load values and two or
more values measured at different values of the sec-
ond input parameter (8).

The method of any of the previous claims, wherein
assessing the performance of the chiller (1) or of one
of its components, based on the mapping (10) of the
diagnostic parameter (9), includes calculating a
weighted average of the diagnostic parameter (9)
over a plurality of points of the input space (10) hav-
ing different values of the load.

The method of any of the previous claims, compris-
ing a step of deriving further values for the diagnostic
parameter (9) at corresponding further points of the
inputspace (10), onthe basis of the measured values
for the diagnostic parameter (9), wherein the further
values for the diagnostic parameter (9) are derived
as a function of a distance, evaluated in the input
space, of the further points with respect to the points
wherein the value of the diagnostic parameter (9) is
measured.

The method of any of the previous claims, compris-
ing a step of measuring additional values of the di-
agnostic parameter (9) at successive times, and a
step of upgrading the mapping (10) over time, on the
basis of the additional values.

The method of claim 6, wherein the upgrading of the
mapping (10) is carried out through artificial intelli-
gence techniques.

The method of claim 6 or 7, wherein the performance
of the chiller (1) is assessed as a function of a vari-
ation of the mapping (10) over time.

The method of any of the previous claims, wherein
the diagnostic parameter (9) is selected from the fol-
lowing list:

* Energy efficiency ratio;

« Coefficient of performance;

» Evaporator Logarithmic Mean Temperature
Difference;

» Condenser Logarithmic Mean Temperature
Difference;

* Rate of opening of the expansion valve;

» Evaporator heat exchange coefficient;

» Condenser heat exchange coefficient.
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10.

1.

12.

13.

A system for providing a diagnostic assessment of
a chiller (1), the chiller (1) being provided with a re-
frigerant fluid and a plurality of components including
a compressor (2), a condenser (3), an evaporator
(4), an expansion valve (5), wherein the system com-
prises:

* a sensor or a plurality of sensors for providing
a diagnostic parameter (9), representative of a
performance of the chiller (1) or of one of its com-
ponents;

« a control unit, including a memory and a proc-
essor, and configured for receiving values of a
first input parameter (7) and of a second input
parameter (8), the first and the second input pa-
rameter (7, 8) being representative of a working
condition of the chiller (1) or of one of its com-
ponents,

wherein the processor is programmed for measur-
ing, through the sensor, a plurality of values for the
diagnostic parameter (9), each value being meas-
ured at a respective couple of values of the first and
second input parameter (7, 8), and for storing the
plurality of measured value in the memory, thus pro-
viding a mapping (10) of the diagnostic parameter
(9) in an input space defined by the first and second
input parameters (7, 8), so thateach couple of values
of the first and second input parameter (7, 8) defines
a corresponding point in the input space, the proc-
essor being further programmed for assessing the
performance of the chiller (1) or of one of its compo-
nents, based on the mapping of the diagnostic pa-
rameter (9).

The system of claim 10, wherein the processor is
programmed for measuring additional values of the
diagnostic parameter (9) at successive times, and
for upgrading the mapping (10) over time, on the
basis of the additional values.

The system of claim 10 or 11, wherein the control
unit is located in a server remote from the chiller (1)
and is connected, through a communication net-
work, to a plurality of sensors located at a corre-
sponding plurality of chillers (1), for assessing the
performance of each chiller (1), or of one of the com-
ponents of each chiller (1), among said plurality of
chillers (1).

The system of claim 12, wherein the control unit is
configured for comparing a first diagnostic parame-
ter (9) measured on a first chiller (1) of said plurality
of chillers with a second diagnostic parameter (9)
measured on a second chiller (1) of said plurality of
chillers (1), and/or for comparing a first mapping (10)
derived for the first chiller (1) of said plurality of chill-
ers (1) with a second mapping (10) derived for the
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second chiller (1) of said plurality of chillers (1), to
assess the performance of the first chiller (1) with
respect to the performance of the second chiller (1).

14. A chiller (1) comprising a refrigerant circuit including
compressor (2), a condenser (3), an evaporator (4)
and an expansion valve (5), and a refrigerant fluid
circulating in the refrigerant circuit, wherein the chill-
er (1) comprises a system for providing a diagnostic
assessment of a chiller (1), the system being accord-
ing to any of the previous claims from 10 to 13.

15. A computer program, including instructions for car-
rying out the steps of the method of any of the pre-
vious claims from 1 to 9, when run in the system of
any of the previous claims from 10 to 14.
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FIG. 1

FIG. 2
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FIG. 3
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