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(54) A METHOD FOR INITIATING DEFROSTING OF AN EVAPORATOR

(57) A method for detecting ice accumulation on an
evaporator (104) of a vapour compression system (100)
is disclosed. The evaporator (104) is part of a vapour
compression system (100). The vapour compression
system (100) further comprises a compressor unit (101),
a heat rejecting heat exchanger (102), and an expansion
device (103). The compressor unit (101), the heat reject-
ing heat exchanger (102), the expansion device (103)
and the evaporator (104) are arranged in a refrigerant
path, and an air flow is flowing across the evaporator
(104). At least one temperature of air leaving the evap-
orator (104) is measured and a control value based on
the measured temperature is derived. Determining

whether ice has accumulated on the evaporator (104) by

comparing the derived control value and a setpoint value.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a method for detecting ice accumulation on an evaporator of a vapour com-
pression system by measuring at least one temperature of air leaving the evaporator and comparing it with a setpoint
value. Defrosting is initiated when the temperature of air deviates from the setpoint value.

BACKGROUND OF THE INVENTION

[0002] Vapour compression systems, such as refrigeration systems, heat pumps or air condition systems, are normally
controlled in order to provide a required cooling or heating capacity in an as energy efficient manner as possible. In
some scenarios, the operation of the vapour compression system may become energy inefficient, and the system may
even become unstable or the system may become unable to provide the required cooling or heating capacity. In particular,
during operation of a vapour compression system, such as a refrigeration system with a cooled chamber, ice or frost
will deposit on the heat transfer surfaces of an evaporator. Namely, condensation of moisture in the cooled chamber
leads to ice accumulation over time on the evaporator in the refrigeration system. Ice buildups disturb air circulation
inside the system. This leads to a decrease in cooling efficiency and hence negatively impacts the heat transfer per-
formance. Frost and ice buildups must be recognized before the cooling efficiency of the system has been significantly
reduced. Once frost and ice has been identified defrosting needs to be initiated. During defrosting, the evaporator is
heated in order to melt ice buildups. It is desired that this defrosting mode starts as soon as ice buildups are identified
for a number of reasons. One of the reasons is again energy efficiency and energy consumption. The system does not
work optimally when ice covers the evaporator. Furthermore, if defrosting is initiated too late, it can become extremely
difficult to remove the ice from the evaporator as it may become excessively thick.

[0003] In commercial and industrial refrigeration systems, initiation of defrosting is typically performed by scheduling
it periodically, e.g., once a week or once in several days. This may not be the most efficient way to perform defrosting.
In one example, scheduled defrosting may be scheduled too early, when it is not really necessary. In another example,
defrosting may be initiated too late, i.e., when a lot of ice has been already accumulated and in such a case, the system
is not under optimal conditions for a too long period of time.

[0004] US 2015/0204589 disclose a method including initiating a defrost of a frozen evaporator coil of a refrigerant
vapour compression system before ice buildup on the evaporator coil becomes so excessive as to result in an on-off
cycling of the refrigerant vapour compression system compressor when operating to a frozen temperature maintenance
mode. The defrost of the evaporator heat exchanger coil is initiated if a magnitude of an air flow temperature differential
across the evaporator heat exchanger coil at least equals a set point threshold magnitude for the air flow temperature
differential, and the magnitude of the evaporator heat exchanger coil refrigerant pressure condition at least equals a set
point threshold magnitude for the refrigerant pressure condition.

DESCRIPTION OF THE INVENTION

[0005] Itis an object of embodiments of the invention to provide a method for timely detecting ice accumulation on an
evaporator of a vapour compression system and initiating defrosting of ice simultaneously.

[0006] The invention provides a method for detecting ice accumulation on an evaporator of a vapour compression
system, the vapour compression system further comprising a compressor unit, a heat rejecting heat exchanger and an
expansion device, the compressor unit, the heat rejecting heat exchanger, the expansion device and the evaporator
being arranged in a refrigerant path, and an air flow flowing across the evaporator, the method comprising the steps of:

- measuring at least a temperature, T of air leaving the evaporator,

air,out’

deriving a control value based at least on the measured temperature, T o,
- comparing the derived control value to a setpoint value, and

- determining thatice has accumulated on the evaporator in the case that the comparing step reveals that the derived
control value deviates from the setpoint value.

[0007] The temperature T . of air leaving the evaporator is directly affected by ice accumulation and therefore it
can either directly or indirectly be used as a control value in detection of ice accumulation on an evaporator. By monitoring
the temperature of air leaving the evaporator, while the evaporator operatesin a stable, i.e. constant, operating conditions,
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ice buildups can be timely identified and defrosting can be simultaneously initiated.

[0008] The vapour compression system comprises an evaporator, a compressor unit, a heat rejecting heat exchanger
and an expansion device. There may be more than one evaporator and more than one expansion device. The compressor
unit may comprise one or more compressors. In the present context the term 'vapour compression system’ should be
interpreted to mean any system in which a flow of fluid medium, such as refrigerant, circulates and is alternatingly
compressed and expanded, thereby providing either refrigeration or heating of a volume. Thus, the vapour compression
system may be a refrigeration system, an air condition system, a heat pump, etc.

[0009] The evaporator is arranged in the refrigerant path. Evaporation of a liquid part of the refrigerant takes place in
the evaporator, while heat exchange takes place between the refrigerant and the ambient or a secondary fluid flow
across the evaporator, in such a manner that heat is absorbed by the refrigerant passing through the evaporator.
[0010] The compressor unit receives the refrigerant from the evaporator. The refrigerant is then normally in gaseous
phase and the compressor unit compresses it and supplies it further to the heat rejecting heat exchanger.

[0011] The heat rejecting heat exchanger may, e.g., be in the form of a condenser, in which refrigerant is at least partly
condensed, or in the form of a gas cooler, in which refrigerant is cooled, but remains in a gaseous or trans-critical state.
The heat rejecting heat exchanger is also arranged in the refrigerant path.

[0012] The expansion device may, e.g., be in the form of an expansion valve. The expansion device is arranged in
the refrigerant path, supplying refrigerant to the one or more evaporator. In a vapour compression system, such as a
refrigeration system, an air condition system, a heat pump, etc., afluid medium, such as refrigerant, is thereby alternatingly
compressed by means of one or more compressors and expanded by means of one or more expansion devices, and
heat exchange between the fluid medium and the ambient takes place in one or more heat rejecting heat exchangers,
e.g. in the form of condensers or gas coolers, and in one or more heat absorbing heat exchangers, e.g. in the form of
evaporators.

[0013] During ice detection, at least a temperature of air leaving the evaporator, T o is measured. The temperature
of air leaving the evaporator is directly affected by ice accumulation on the evaporator and therefore it is of relevance
to measure at least this temperature. If ice is accumulated on the evaporator, heat transfer through the evaporator gets
affected in such a manner that the cooling of the air is not as efficient as in the ice free conditions. Due to a change in
the heat transfer, a temperature of cooled air is increased as compared to the ice free conditions, i.e., it is directly affected
by the change. If the evaporator operates under the stable conditions, by monitoring the air temperature ice accumulated
on the evaporator can be detected.

[0014] Thetemperature T . may be measured by a sensor placed at the air outlet of the evaporator. The temperature
of air leaving the evaporator may be monitored all times during the operation of the evaporator. In some cases, this
temperature may not be measured during the times when the evaporator is in a defrosting mode.

[0015] The measurement may start from the moment when the defrosting mode is terminated, following a previous
defrosting cycle. Alternatively, the temperature measurement may start after a certain period of time upon the termination
of the defrosting mode, as upon the defrosting mode temperature, T, may go through a transitional phase when its
value is not stable. Preferably, the temperature, Ty, may be measured only after a predefined initialization time
period, once the evaporator and its tubes reach stable operation, i.e., once a transition phase is over. The predefined
initialization time period may be less than an hour, or it may be longer than an hour, such as two hours, or such as three
or more hours. In the transition phase, the system dynamics have not settled yet and registered data may not be
representative to the expected steady state operating condition the transition phase typically occurs when the evaporator
have just finished a defrost period. During the transition period, measurements are typically not carried out, or if the
measurements are performed they are not used. Termination of the transition phase may be determined either by defining
a predefined waiting period, or by directly analysing the dynamics and comparative behaviour of the measured temper-
ature.

[0016] Thetemperature, Ty o, may be continuously monitored over time during operation of the system. Alternatively,
the temperature, Ty 5, may be measured intermittently, with a certain frequency. The temperature sensor may be
placed on the structural support of the evaporator near the air outlet, e.g. directly in the air flow through the evaporator.
By placing the temperature sensor directly in the air flow, the measured temperature is the one which is dynamically
affected by the heat transfer in the evaporator. The measured temperature T, may be communicated to a control
unit or a processor.

[0017] The measured temperature, T, o1, then serves for derivation of a control value. The control value may also
be additionally based on other temperatures related to the evaporator, as well as on other relevant parameters. The
control unit or the processor may perform derivation of the control value as a function, f, of various parameters:

Tair,out—ControlValue = f(Tair,out—actual' Tair,in,,mean,original' Te,mean,original' Tair,in,actual ’ Te,actual)

[0018] In this case T out-controlvalue DECOMES a control value. When using the above mentioned transformation there
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is no need to do any manipulation on the original setpoint value, as it may be kept constant.

[0019] A setpoint value is to be interpreted as a value that may be set by a processor or control unit of the vapour
compression system representing the system operating in steady state conditions. The setpoint is then compared to the
derived control value. The derived control value may be based on prevailing operating conditions of the vapour com-
pression system, such as an outdoor temperature. Alternatively, it could be a fixed value which is set initially when the
vapour compression system is installed or it may be calculated under ice free conditions. In any event, the setpoint value
should be a value which reflects an expected air temperature during operation under ice free conditions. If operating
conditions change, the setpoint may change and therefore may need to be recalculated. In one example, if evaporating
pressure changes then measured air temperature changes as well, and if the setpoint is not recalculated ice may
erroneously be detected.

[0020] To determine whether ice has accumulated on the evaporator the control value is compared with the setpoint
value. In the case that the comparing step reveals that the derived control value deviates from the setpoint value, it may
be an indication that ice is accumulated on the evaporator. As mentioned above, the setpoint value reflects the ice free
conditions. Therefore, any deviations from the setpoint value indicate deviation from the ice free conditions.

[0021] The method may further comprise the step of deriving the setpoint value from measurements of at least one
temperature related to the evaporator under ice free conditions. The setpoint value may be determined based on obtained
measurements during a certain time period under the ice free conditions and when the system is operating under the
steady state conditions. This time period may be after the transition period. By determining the setpoint value under ice
free conditions it is ensured that the ice detection will be accurate as it is performed by comparing the setpoint value,
derived under ice free conditions, and the control value, which is obtained from temperature measured at any time during
the operation.

[0022] The step of deriving the setpoint value may be repeated, while keeping the control value, Ty o, constant.
When the operating conditions change, e.g., when pressure levels change, for instance due to changes in outdoor
temperature, the air temperature may also change. Then the setpoint value calculated previously for one air temperature
may need to be recalculated for the new operating conditions. Alternatively, the setpoint value may be recalculated after
a certain time interval, to make sure that the setpoint value corresponds to the current operating conditions and to the
ice free evaporator. In one example, the setpoint value derivation may be repeated when sufficient amount of data is
registered.

[0023] To derive the setpoint value, energy transfer through the evaporator is considered. The heat transferred from
air flowing across the evaporator to the refrigerant can be defined in two ways. One way is to use a log mean temperature
difference (LMTD):

Qair1 = UA x LMTD, (1)
where U is the heat transfer coefficient [W/(K-M2)], A is the evaporator area [m2] and
AT, — AT,

In (ﬁ—%)

LMDT =

where ATy =Ty jn - Te and AT, = Ty, ot - Te. Te is the evaporation temperature, T, j, is the inlet air temperature, Ty ot
is the outlet air temperature.
[0024] Another way of defining the heat transfer is by using a given mass flow of air, i.e.:

Qair,z = Ii‘lair Cp,air(Tair,in - Tair,out)s (2)

where Qg 5 is the heat transferred through the evaporator for the given mass flow of air m,;. C
of the air at constant pressure, C, 5 = 1.004 kJ/(kg-K).

[0025] Energy transfer through the evaporator may be defined through energy transferred from the evaporator to the
refrigerant. Assuming that the evaporator is a plate separating two media, the refrigerant flowing through the evaporator
and the air flowing across the evaporator, the refrigerant having a given temperature, T, and the air having a temperature,
T the potential heat transferred between these two media and through the evaporator body can be described as:

p,air IS the specific heat

air,in’

QTranport = HA(Tair,in - Te), (3)



10

15

20

25

30

35

40

45

50

55

EP 3 587 963 A1
where p is the overall heat transfer coefficient calculated by integrating a heat coefficient of the evaporator material over
the entire surface of the evaporator.

[0026] Energy consideration and the heat transfer can additionally be described for a given mass flow of refrigerant,
Mg, I-€.:

Qrer = Ihref-Ahref’ (4)

where Q,is the heat transferred through the evaporator for the given mass flow of refrigerant, m
enthalpy difference over the evaporator, and where

mref = fOD(OD)-\/ pl(Pc)(Pc - Pe) = fOD (OD)- pl-m

[0027] The given mass flow of refrigerant, rhref, is described by a polynomial function fop related to a density of liquid
refrigerant at condensing pressure, P, and evaporation pressure, P.

ref-» @nd Ah s represents

and
Ahref = h2,ref - hl,ref
with
hl,ref = fh,ref(PCv SC) or hl,ref = fh,ref(Tc)
and

h2,ref = h(Pe' SH)

where, Ah is the enthalpy difference over the evaporator on the refrigerant side, h4 .., indicates the enthalpy of the
refrigerant as the inlet of the evaporator and can be calculated as a function of condensing pressure, P and sub-cooling
temperature of refrigerant entering the evaporator, SC. Alternatively, it can be calculated as a function of condensing
temperature, T,. h, ¢ is enthalpy of the refrigerant at the outlet of the evaporator and is a function of the evaporating
pressure, P, and the superheat temperature of refrigerant leaving the evaporator, SH.

[0028] The above equations (1), (2), (3), and (4) can be used to establish setpoints or residual signals that can be
used for ice buildup detection.

[0029] In one embodiment of the invention, equations (1) and (2), describing the energy transfer between air and
refrigerant, may be considered. In steady state condition Qg o = Qg 1, i-€.,

UA * LMTD = my;, Cp,air(Tair,in - Tair,out)-
[0030] By isolating the temperatures, the above equation becomes

UA.LMTD

e
Ju=y

Myir Cp,air(Tair,in - Tair,out)

which can be further simplified to:

I

Tair,in B Te ri‘lair Cp,air
T‘12 = ln
Tair,out - Te UA

[0031] The above equation can be used to calculate a resulting residual for outlet air temperature, which may be used
for detecting ice buildup. Alternatively, the equation may be directly used as a residual signal which may be then used
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as the control value. The control value may also be exp(ry,)
[0032] Utilizing equations (2) and (3) a residual value having another form may be derived.

Ii‘lair Cp,air(Tair,in - Tair,out) = MA(Tair,in - Te)s

pA _ Tair,in —Tair,out

Majr Cp,air Tairin—Te

H

Tair,in - Tair,out

Tair,in - Te

I23 = Br23 (Tair,inr Tair,outs Te) =

[0033] Both ry, and ry3 use the same set of measurements.

[0034] Under steady state conditions the energy delivered by the air should be equal to the energy received by the
refrigerant. Comparing equations (2) and (4), i.e. the energy delivered by air to the energy obtained by the refrigerant
in the evaporator we have:

Myjr Cp,air(Tair,in - Tair,out) = Myef- Ahrefa

resulting in a residual in the following form

r24 = 8r24(Tairins Tair,our Te(P), P=(T.), SH, SC, 0D)

rqo and ros, ro4 use the same set of measurements.

[0035] In one embodiment of the invention, the step of deriving a control value may comprise selecting the measured
temperature, Ty o @s the control value. Ice buildup on fins of the evaporator may result in the deterioration of a heat
transfer coefficient with the consequence that the amount of heat transferred to the refrigerant decreases when compared
with the ice free operation. The variable that will be directly affected by ice accumulation may be T, .+ and therefore
it may be directly selected as the control value. Setting the measured temperature of air at the outlet of the evaporator
for the control value simplifies the method to great extend and ease requirements for the processor which controls the
vapour compression system. Also, by using the residuals ry, or r,5 as the control value, the method is simplified as the
residuals depend only on temperatures which can be directly obtained.

[0036] The step of comparing the derived control value to the setpoint value may comprise calculating a residual signal
as the difference between the measured temperature, T o1, @nd the setpoint value, and monitoring the residual value.
The residual signal is defined as the deviation of the actual outlet air temperature from its corresponding calculated
setpoint value Ty oyt sp:

r= Talir,out,SP - Talir,out

[0037] The corresponding setpoint value may be calculated by using the measured air temperatures at the outlet over
a given period of time. The residual signal may then be used in one-sided CUSUM algorithm where statistical information
of the air temperature measurements at the outlet is considered and the result of the CUSUM may be used to indicate
whether there is ice on the evaporator or not. As mentioned above, ice buildups on the evaporator directly affect the
temperature of air leaving the evaporator and by comparing the temperature, T 5,1, With the setpoint value, presence
of ice may be detected. By simple comparison of the measured air temperature and the setpoint value the whole method
is simplified as there is no need for particular calculation of the control value from the measured air temperature. If the
operation conditions change, the setpoint value may need to be recalculated. The recalculated value may be computed
from a function, f, with the following parameters:

Tair,out—setpoint = f(Tair,out—setpoint,originalv Tair,in,,mean,originalv Te,mean,originalv Tair,in,actual ’ Te,actual)

[0038] The updated value of the setpoint involves measurements of the T, i, and Te., i.e., Tyt in actual @9 Te actual-
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[0039] In one embodiment of the invention, the method may further comprise the step of measuring a temperature,
Tair,in» Of a@ir entering the evaporator and an evaporation temperature, T, of the evaporator, and the step of deriving a
control value may be based on the measured temperatures, Ty oyt Tairin @nd T. The air temperature entering the
evaporator, T, j,, may be measured with a temperature sensor placed at the inlet of the evaporator and which can
monitor the temperature in the same manner as T, .+ is monitored. The evaporation temperature, T, can be obtained
through various sensor measurements. In one example, T, may be obtained by placing a temperature measurement
device at a refrigerant inlet of the evaporator. In another example, T, may be obtained by use of a pressure measurement
at a refrigerant outlet of the evaporator and computing it from the measured pressure. In yet another example, the
evaporation temperature may be obtained by a temperature measurement device placed at the refrigerant outlet of the
evaporator, if the evaporator is in a flooded state. This temperature is not directly affected by ice buildups, unlike the
temperatures of air leaving the evaporator. By measuring at least these three temperatures heat transfer in the evaporator
may be precisely monitored.

[0040] In one embodiment of the invention, the step of deriving the control value may comprise calculating the control
value, f,, as a value dependent on all the three measured temperatures, i.e., temperature of air entering the evaporator,
temperature of air leaving the evaporator, and the evaporation temperature. The control value may be defined as:

f — Tair,in_Tair,out
LMTD ’

where LMTD is a log mean temperature difference defined as:
AT, - AT,
ATl "
In(375)
where AT, = Ty ip - Tg, @and AT, = Ty - To. The control value f, then becomes:

£ = In (%)

[0041] Alternatively, the control value can be chosen to be

LMDT =

f,r =l = T .
AT,

[0042] The control value may not be linearly dependent on the temperature difference AT, or AT, as it can be seen
from the above definition of the control value. The control value may be used for determining whether ice has accumulated
on the evaporator or not. Nonlinear dependency between the control value and the temperature difference means that
the change in air mass flow is not linearly dependent on the change in the heat flow during the frost generation. In fact,
the heat transfer coefficient may be dependent on the evaporator shape, material, and how the ice is accumulated
thereon. Furthermore, the accumulated ice may influence the air flow across the evaporator in different ways. These
may all be reasons for nonlinear dependency between the control unit and temperatures related to the evaporator.
[0043] The method for detecting ice accumulation on an evaporator of a vapour compression system, may further
comprise the step of initiating defrost of the evaporator in the case that it is determined that ice has accumulated on the
evaporator. If the control value deviates from the setpoint value, the ice has accumulated on the evaporator and a defrost
mode may be initiated. Accumulated ice degrades cooling performance of a cooling system and a timely initiated defrost
is of a high importance if energy efficiency is required.

BRIEF DESCRIPTION OF THE DRAWINGS
[0044] The invention will now be described in further detail with reference to the accompanying drawings in which
Fig. 1 shows a simplified diagram of a vapour compression system,

Fig. 2 shows a perspective view of an evaporator (a), (b) and an air flow through the evaporatorin a cooling mode (c),
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Fig. 3 shows a part of the vapour compression system and its use in the method for ice detection, and

Fig. 4 shows a flow chart with the steps of a method according to an embodiment of the invention for detecting ice
accumulation on an evaporator.

DETAILED DESCRIPTION OF THE DRAWINGS

[0045] Fig. 1 shows a simplified diagram of a vapour compression system 100 comprising a compressor unit 101, a
heat rejecting heat exchanger 102, an expansion device 103 and an evaporator 104. The compressor unit 101 shown
in Fig. 1 comprises two compressors. It is noted that it is within the scope of the present invention that the compressor
unit 101 comprises only one compressor, e.g. a variable capacity compressor, or that the compressor unit 101 comprises
three or more compressors. Refrigerant flowing through the system 100 is compressed by the compressor unit 101
before being supplied to the heat rejecting heat exchanger 102. In the heat rejecting heat exchanger 102, heat exchange
takes place with a secondary fluid flow across the heat rejecting heat exchanger 102 in such a manner that heat is
rejected from the refrigerant. In the case that the heat rejecting heat exchanger 102 is in the form of a condenser, the
refrigerant passing through the heat rejecting heat exchanger 102 is at least partly condensed. In the case that the heat
rejecting heat exchanger 102 is in the form of a gas cooler, the refrigerant passing through the heat rejecting heat
exchanger 102 is cooled, but it remains in a gaseous state.

[0046] The refrigerant leaving the heat rejecting heat exchanger 102 is then passed through the expansion device
103 which may, e.g., be in the form of an expansion valve. The refrigerant passing through the expansion device 103
undergoes expansion and is further supplied to the evaporator 104. In the evaporator 104, heat exchange takes place
with a secondary fluid flow across the evaporator 104 in such a manner that heat is absorbed by the refrigerant, while
the refrigerant is at least partly evaporated. The refrigerant leaving the evaporator 104 is then supplied to the compressor
unit 101.

[0047] Figs. 2(a) and 2(b) show perspective views of a generic model of an evaporator 104. In the evaporator 104 the
liquid refrigerant is evaporated into a gaseous form/vapour. The evaporator 104 of Fig. 2 comprises a plurality of tubes
201 which guide the liquid refrigerant there through and which are enclosed in an evaporator structural support 202.
The tubes 201 may typically be arranged in a horizontal manner. The length of the tubes 201 may vary and that length
may define one dimension of the evaporator 104. The evaporator 104 comprises a fan 203 which drives a secondary
air flow across the evaporator 104 and over the evaporator tubes 201 as indicated by arrows 204 in Fig. 2(c). In case
of a refrigeration system, the liquid refrigerant absorbs heat from the air passing through the evaporator 104, thereby
reducing the temperature of the air and providing cooling for a closed volume being in contact with the evaporator 104.
The closed volume may, e.g., be a refrigeration chamber. Various temperature sensors 205-207 may be placed on the
evaporator. Sensor 205 is placed at the air inlet of the evaporator 104 measuring a temperature, T, ;,, of air entering
the evaporator 104. Sensor 206 is placed at the air outlet of the evaporator 104 measuring a temperature, T ¢, Of air
leaving the evaporator 104. Sensor 207 is placed inside the evaporator 104 measuring an evaporation temperature, T,
of the evaporator 104. Sensor 207 can be placed on the outside of one of the evaporator tubes 201. Namely, sensor
207 is placed in a way such that it measures surface temperature of the evaporator.

[0048] Measuring at least a temperature, T o, Of air leaving the evaporator (104) by sensor 206 both the control
value and the setpoint value are derived. These two values based on the measured temperatures are further compared
and outcome of the comparison is used in determination whether ice has accumulated on the evaporator (104) or not.
In the case that the comparing step reveals that the derived control value deviates from the setpoint value itis determined
that ice has accumulated on the evaporator 305.

[0049] Fig. 3 shows a part of the vapour compression system 100 showing the evaporator 104 and the expansion
device 103 and its use in the method for ice detection. Refrigerant flows through the system 100 in a direction indicated
by arrow 302, passing through the expansion device 103 and further enters the evaporator 104 via the inlet 303 of the
evaporator 104 and leaves the evaporator through the outlet 301. Air flow through the evaporator 104 is illustrated by
arrows 305. The method uses air temperature measurements by temperature sensors 205 and 206 and a temperature
of the refrigerant at suction pressure, measured by means of temperature sensor 207, to generate and evaluate a control
value for the purpose of identifying the initiation time for the defrost. The air temperatures are measured by the sensor
205 which measures the temperature, T, Of air at the air inlet of the evaporator 104, and the sensor 206 which
measures the temperature, T, o, Of air at the air outlet of the evaporator 104. The temperature of the refrigerant at
suction pressure, i.e., the evaporation temperature, T, is measured by the sensor 207 placed at the outlet 301 of the
evaporator 104. Sensor 207 may be placed on the inlet 303. It may also be placed on the outside of one of the evaporator
tubes, as well as inside one of the evaporator tubes. Alternatively, a pressure sensor may be placed instead of the
temperature sensor 207, measuring pressure from which the evaporation temperature may be calculated. All the meas-
ured temperatures, Tyirin, Tairouts Te» @re communicated to a processor 300 configured to perform derivation of the
control value. The processor 300 may also be configured to initiate defrosting of the evaporator 104 once ice is detected.
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In a large plant with a plurality of evaporators instead of a number of controllers controlling each evaporator individually,
the measured temperatures may be communicated to a central plant controller, e.g., a set of program codes running on
the central plant controller may monitor each evaporator in the plant.

[0050] Fig. 4 shows a flow chart 400 with the steps of a method for detecting ice accumulation on an evaporator. At
the start, i.e., right after the defrosting mode, the system goes through a transition phase 401 during which temperatures
related to the evaporator 104 are not stable. During this phase 401, temperatures may be monitored but may not be
used in calculations or for controlling the evaporator 104. The transition phase 401 is finished when the monitored
temperatures are stable. Once the temperatures are stable, the evaporator 104 is operating in steady state, there is no
ice accumulated thereon and, in the step 402, a baseline generation is performed, including calculating a setpoint value
based on atleast measured temperatures, T o, Of air leaving the evaporator 104. The following step 403 is a diagnosis,
i.e., determining whether ice is accumulated on the evaporator 104 or not. During the diagnosis 403, integrity of the
measured temperatures is validated, a control value is calculated to adapt to the current operating condition and to
perform, e.g., a CUSUM test on the difference between the setpoint value and the control value, or another suitable
statistical method.

Claims

1. A method for detecting ice accumulation on an evaporator (104) of a vapour compression system (100), the vapour
compression system (100) further comprising a compressor unit (101), a heat rejecting heat exchanger (102) and
an expansion device (103), the compressor unit (101), the heat rejecting heat exchanger (102), the expansion device
(103) and the evaporator (104) being arranged in a refrigerant path, and an air flow flowing across the evaporator
(104), the method comprising the steps of:

- measuring at least a temperature, T, o, Of air leaving the evaporator (104),

- deriving a control value based at least on the measured temperature, Ty oyt,

- comparing the derived control value to a setpoint value, and

- determining that ice has accumulated on the evaporator (104) in the case that the comparing step reveals that
the derived control value deviates from the setpoint value.

2. A method according to claim 1, further comprising the step of deriving the setpoint value from measurements of at
least one temperature related to the evaporator (104) under ice free conditions.

3. A method according to claim 2, wherein the step of deriving the setpoint value is repeated.

4. A method according to any of the preceding claims, wherein the step of deriving a control value comprises selecting
the measured temperature, T o, @s the control value.

5. A method according to claim 4, wherein the step of comparing the derived control value to the setpoint value
comprises calculating a residual signal as the difference between the measured temperature, T, .+, and the setpoint
value, and monitoring the residual value.

6. A method according to any of claims 1-3, further comprising the step of measuring a temperature, T ;,, Of air
entering the evaporator (104) and an evaporation temperature, T, of the evaporator (104), and wherein the step
of deriving a control value is based on the measured temperatures, T out, Tajrjin @nd To.

f.,as:

7. Amethod according to claim 6, wherein the step of deriving a control value comprises calculating a control value, f,,

f _ Tair,in_Tair,out
LMTD ’

where LMTD is a log mean temperature difference.

8. A method according to any of the preceding claims, further comprising the step of initiating defrost of the evaporator
(104) in the case that it is determined that ice has accumulated on the evaporator (104).
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