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(57) ABSTRACT 

A method and a device for detecting an abnormality of a heat 
eXchanger eXchanging heat between a first fluid flow flowing 
in a conduit and a Second fluid flow flowing along a flow 
path, Said conduit and Said flow path each having an inlet 
and an outlet, whereby the method comprises the Steps of 
establishing at least one parameter representative of the 
temperature conditions of the heat eXchanger, establishing a 
Second fluid inlet temperature, establishing a parameter 
indicative of expected heat eXchange between the heat 
eXchanger and the Second fluid, processing the heat 
eXchanger temperature, the Second fluid temperature and the 
parameter indicative of expected heat eXchange for estab 
lishing an estimated Second fluid outlet temperature, and 
employing the estimated Second fluid outlet temperature for 
evaluating the heat eXchange between the first and Second 
fluids by comparing the estimated Second fluid outlet tem 
perature, or a parameter derived therefrom, with a reference 
value. 
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METHOD AND A DEVICE FOR DETECTING AN 
ABNORMALITY OF A HEAT EXCHANGER AND 

THE USE OF SUCH A DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is entitled to the benefit of and 
incorporates by reference essential Subject matter disclosed 
in international Patent Application No. PCT/DK2003/ 
000701 filed on Oct. 14, 2003 and Danish Patent Application 
No. PA 2002 O1582 filed on Oct. 15, 2002. 

FIELD OF THE INVENTION 

0002 The present invention relates to a method and a 
device for detecting an abnormality of a heat eXchanger 
eXchanging heat between a first fluid flow flowing in a 
conduit and a Second fluid flow flowing along a flow path, 
Said conduit and Said flow path each having an inlet and an 
outlet, and the use of Such a device. 

BACKGROUND OF THE INVENTION 

0.003 Heat exchangers are an important part of many 
plants and Systems, especially refrigeration or heat pump 
Systems. These heat eXchangers and their efficiency are of 
crucial importance in Such Systems, and it is therefore 
important to monitor functioning of the heat eXchangers to 
be able to detect abnormality of the heat exchanger, So 
measures can be taken to remedy any defects. 
0004. By abnormality of the heat exchanger is meant that 
the heat eXchanger does not exchange as much energy as 
expected, i.e. the fluids do not experience the cooling or 
heating they should. This may be due to fouling of heat 
eXchanger, in that a layer of Scale, dirt or grease is deposited 
on the heat eXchanging Surface or Surfaces leading to 
reduced heat eXchange, as this layer will usually act as an 
insulating layer. Another possibility is that there is insuffi 
cient fluid flow because of dirt or the like blocking or 
restricting flow through the heat eXchanger. Both situations 
lead to higher power consumption, because the System must 
work at a higher load than a System working with heat 
eXchangers within the normal range. Further in the event of 
adverse working conditions with high heat eXchange 
demand and a relatively Small temperature difference 
between the fluids, it may be impossible to meet the demand, 
which in Some Systems may have devastating effect. 
0005 Often the abnormality will not be detected before 
an adverse working condition is experienced, in that the 
demand cannot be met, e.g. leading to an increase of the 
temperature of a System, which should be kept at a specific 
temperature. An example of Such a System is a refrigerated 
display cabinet in a shop, where Strict legislation in most 
countries prescribes that when food is not kept below a 
maximum temperature, it must be discarded, which of 
course is expensive and devastating for the business. Like 
wise large computer Systems are often kept in air-condi 
tioned rooms, as an excessive temperature may increase the 
risk of a computer crash, which may entail a high risk of data 
loSS and lost man-hours. 

0006 Common provisions for detecting abnormality of a 
heat eXchanger include basic visual inspection at regular 
intervals to check for dirt at the inlet of the heat eXchanger. 
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Often the heat eXchangers are placed So inspection is diffi 
cult, and hence Such inspection is labour consuming. Further 
an abnormality may arise at different intervals and quite 
quickly, e.g. in the event of material blocking the inlet to the 
heat eXchanger. This means that to provide a reasonable 
degree of Security against heat eXchanger abnormality, it is 
necessary to inspect the heat eXchangers often. Further a 
Visual inspection of the outside of the heat eXchanger may 
not be effective in assessing whether the internal heat 
eXchanging Surfaces are Subject to fouling etc. causing a 
reduced heat eXchange. 
0007 Another known way of detecting abnormality of a 
heat eXchanger is by direct flow measurement. A direct flow 
measurement requires delicate and expensive equipment, 
Such as hot wire anemometers or the like, and a plurality of 
flow measurement devices should be used to gain useful 
information on the overall flow field. It has also been 
proposed to assess the flow based on pressure Sensors, but 
Such preSSure Sensors are also expensive, and to gain useful 
information on the overall flow field a plurality of pressure 
Sensors should be used. A further disadvantage of these 
methods are that they can only be used to establish if there 
is restricted flow in the heat eXchanger, not the situation 
where the flow is normal, but heat eXchange is reduced, e.g. 
because of fouling of the heat eXchanger Surface. 

SUMMARY OF THE INVENTION 

0008. It is an object of the present invention to provide a 
method to enable early detection of an abnormality of a heat 
eXchanger. 
0009. This object is met by a method comprising the 
Steps of 

0010) establishing at least one parameter representa 
tive of the temperature conditions of the heat 
eXchanger, 

0011) 
0012 establishing a parameter indicative of expected 
heat eXchange between the heat eXchanger and the 
Second fluid, 

establishing a Second fluid inlet temperature, 

0013 processing the heat exchanger temperature, the 
Second fluid temperature and the parameter indicative 
of expected heat eXchange for establishing an estimated 
Second fluid outlet temperature, 

0014 employing the estimated second fluid outlet tem 
perature for evaluating the heat eXchange between the 
first and Second fluids by comparing the estimated 
Second fluid outlet temperature, or a parameter derived 
therefrom, with a reference value. By this method is 
provided a convenient way of assessing the functioning 
of the heat eXchanger primarily based on parameters of 
the first fluid, which means that a minimum of Sensors 
are needed for providing information regarding the 
Second fluid, and an automatic detection of heat 
eXchanger abnormality is made possible. Further this 
method makes it possible to detect restricted flow as 
well as fouling of the heat eXchanger. 

0015 According to an embodiment, the reference value 
is a predetermined Second fluid outlet temperature. 
0016. An even more reliable, alternative method can be 
obtained when the method comprises the Steps of using the 
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estimated Second fluid outlet temperature for establishing a 
Second heat rate of the Second fluid for evaluating the energy 
balance of the Second heat rate of the Second fluid compared 
to a first heat rate of the first fluid, as an evaluation based on 
the assumption of energy balance will take the influence of 
further parameters into account. 
0.017. According to an embodiment, the method com 
prises establishing the Second rate of heat flow of the Second 
fluid by establishing an estimate of a Second fluid mass flow 
and a specific enthalpy change of the Second fluid acroSS the 
heat eXchanger based on the estimated Second fluid outlet 
temperature and the Second fluid inlet temperature. 
0.018. According to an embodiment, the method com 
prises establishing the first rate of heat flow by establishing 
a first fluid mass flow and a specific enthalpy change of the 
first fluid acroSS the heat eXchanger based on parameters 
representative for first fluid inlet and outlet temperatures, 
and the condensation pressure. 
0019. A direct evaluation of the heat exchange is pos 
Sible, but may however be Subject to Some disadvantages, 
e.g. because of fluctuations or variations of the parameters in 
the refrigeration or heat pump System, and according to an 
embodiment, the method comprises establishing a residual 
as difference between the first heat rate and the Second heat 
rate. 

0020. It may also be possible to evaluate the heat 
exchange by direct evaluation of the estimated outlet Second 
fluid outlet temperature, but this may however be subject to 
Some disadvantages, e.g. because of fluctuations or varia 
tions of the parameters in the refrigeration or heat pump 
System, and according to an alternative embodiment, the 
method comprises establishing a residual as difference 
between the estimated and predetermined Second fluid outlet 
temperature. 

0021. To further reduce the sensibility to fluctuations or 
variations of parameters in the System and be able to register 
a trend of heat eXchanging, the method comprises providing 
an abnormality indicator by means of the residual, the 
abnormality indicator being provided according to the for 
mula: 

Sui-1 +S, when Sui-1 -- Su,i > 0 
Sui = 0, when Sui-1 + Sui s () 

where s is calculated according to the following equation: 

to A) Sui ci (r. 2 

where c is a proportionality constant, to a first Sensibility 
value, and u a Second Sensibility value. 
0022. Another aspect of the invention regards a heat 
eXchanger abnormality detection device for a heat eXchanger 
eXchanging heat between a first fluid in a conduit and a 
Second fluid in a flow path, where the device comprises a 
first estimator estimating a heat eXchanger temperature, a 
first intermediate memory means Storing the heat eXchanger 
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temperature, a temperature Sensor measuring the Second 
fluid inlet temperature, a Second intermediate memory 
means Storing the Second fluid inlet temperature, a Second 
estimator establishing a parameter indicative of expected 
heat eXchange between the heat eXchanger and the Second 
fluid, a third intermediate memory means Storing the param 
eter indicative of expected heat eXchange, a processor estab 
lishing an estimated Second fluid outlet temperature based 
on Said heat eXchanger temperature, Said Second fluid inlet 
temperature, from the first and Second intermediate memory 
means, respectively, and, from the third intermediate 
memory means, the parameter indicative of expected heat 
eXchange, and a comparator comparing the estimated Second 
fluid outlet temperature, or a parameter established on basis 
thereof, with a reference value. 
0023. An embodiment of the device further comprises 
memory means for Storing at least one parameter from the 
processor, whereby a device is obtained which may operate 
on the basis of previously Stored data. 
0024. Although applicable to heat exchangers in general, 

it is found that the device is particularly Suited for an 
embodiment, where the heat eXchanger is part of a vapour 
compression refrigeration or heat pump System comprising 
a compressor, a condenser, an expansion device, and an 
evaporator interconnected by conduits providing a flow 
circuit for the first fluid, said first fluid being a refrigerant. 
0025. According to an embodiment, the heat exchanger is 
the condenser, which is particularly difficult to monitor, as 
the refrigerant in the condenser is present in three different 
phases, namely as Superheated gas, a mixture of gas and 
liquid and Sub cooled liquid. 
0026. According to an embodiment, the second fluid is 
air, which is the most common type of Second fluid for 
refrigeration or heat pump systems as outlined above, and 
for which direct measurement of fluid parameters involves 
Some Special problems. Further the air used normally is the 
ambient air, which may contain different kinds of pollution, 
which may deposit on the heat eXchanger. 
0027 Specifically the evaporator may be part of a refrig 
erated display cabinet positioned within a building and the 
condenser is positioned outside the building, which is a 
Special example, where the device according to the inven 
tion may be of particular value. 
0028. A third aspect regards use of a detection device as 
outlined above, where the detection device is used for 
detecting fouling of the heat eXchanger and/or detecting 
insufficient flow of the second fluid. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029. In the following, the invention will be described in 
detail by way of example with reference to the drawing, 
where 

0030 FIG. 1 is a sketch of a refrigeration system, 
0031 FIG. 2 is a schematic sectional view of a heat 
eXchanger, 

0032 FIG. 3 is a schematic end view of the heat 
eXchanger, 
0033 FIG. 4 is an example of a temperature profile in the 
heat eXchanger, 
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0034) 
erant, 

FIG. 5 is a Schematic log p,h-diagram of a refrig 

0.035 FIG. 6 is a curve of estimated and measured outlet 
temperature of a condenser, 

0036 FIG. 7 is a curve of a residual, 
0037 FIG. 8 is a curve of an abnormality indicator, and 
0.038 FIG. 9 is an enlarged portion of the curve accord 
ing to FIG. 8. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0039. In the following reference will be made to a heat 
eXchanger in a simple refrigeration System, although the 
principle is equally applicable to a heat eXchanger in other 
heat eXchanging Systems, and as understood by the skilled 
perSon, the invention is in no way restricted to a refrigeration 
System. 

0040. In FIG. 1 is shown a simple refrigeration system 1 
comprising a compressor 2, a condenser 3, an expansion 
device 4 and an evaporator 5, which are connected by a 
conduit 6 in which a refrigerant is circulating. In vapour 
compression refrigeration or heat pump Systems the refrig 
erant circulates in the System and undergoes phase change 
and pressure change. In the System 1 a refrigerant gas is 
compressed in the compressor 2 to achieve a high preSSure 
refrigerant gas, the refrigerant gas is fed to the condenser 3 
(heat exchanger), where the refrigerant gas is cooled and 
condensates, So the refrigerant is in liquid State at the exit 
from the condenser 3, expanding the refrigerant in the 
expansion device 4 to a low pressure and evaporating the 
refrigerant in the evaporator 5 (heat exchanger) to achieve a 
low pressure refrigerant gas, which can be fed to the 
compressor 2 to continue the process. 
0041) A specific example for the heat exchanger is a 
condenser 3 of a refrigeration System for a frozen food 
Storage cabinet or a refrigerated display cabinet for Shops. In 
FIG. 2 can be seen a Schematic Sectional view of a croSS 
flow heat exchanger with a first fluid flow 7 in a conduit 6 
and a second fluid flow 8 in a flow path 9. Given the example 
of a condenser 3 of a refrigeration System 1 as mentioned 
above, the first fluid is a refrigerant and the second fluid 
would normally be air. The refrigerant enters the condenser 
3 as a Superheated gas, which during the passage of the 
condenser 3 is cooled by the air flowing around and past the 
hot conduits 6 containing the refrigerant, So the refrigerant 
gas is cooled to condensation temperature, condensates and 
leaves the condenser 3 as Sub cooled liquid. To obtain and 
maintain a flow of air through the condenser 3, the con 
denser 3 is normally provided with a fan (not shown), which 
can be running constantly, in an on-off mode or with a 
Varying Speed. 

0.042 Typically a condenser 3 of such a system is placed 
outside the shop, often on the roof, because if it is placed 
inside, it would lead to temperature increase in the shop, and 
normally the outside temperature is lower than the inside 
temperature. However placing the condenser 3 outside has 
the drawback the condenser 3 may be exposed to clogging 
up or fouling because of dirt, grease, leaves, newspapers, etc 
restricting the air flow 8. or reducing heat transfer from the 
refrigerant to the air, and further the heat eXchanger is 
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difficult to reach and to inspect. The intervals of clogging up 
may be very irregular due to weather conditions, e.g. pre 
cipitation, wind direction etc., pollution, Seasonal changes, 
Such as leaf fall, which makes it difficult to provide proper 
inspection intervals. 

0043 FIG. 3 is a schematic end view of a heat exchanger, 
which in the given example is the condenser 3, the inlet of 
which is partly covered by leaves. This means that the air 
flow through the flow path 9 of the condenser 3 is restricted, 
and hence that heat eXchange is reduced. To be able to detect 
Such an abnormality, an air outlet temperature estimator is 
proposed using an air flow dependent thermo conductivity 
C. The value of the thermo conductivity is dependent on the 
given heat eXchanger and can be established at Start up of the 
heat eXchanger. It is found that the value of this parameter 
is not critical, and the value may be established based on 
empirical values or values Supplied by the manufacturer of 
the heat eXchanger. The thermo conductivity is flow depen 
dent, and for a heat eXchanger comprising a fan forcing air 
through the heat eXchanger, the thermo conductivity C. can 
be expressed as 

C=Coco', (1) 

where () is the Speed of the fan, and Co is the thermo 
conductivity at no-flow condition. 

0044 An estimate for the air temperature through the 
condenser 3 can be defined using the thermo conductivity C, 
which for a constant airflow gives 

dilai(y)=C(Icondsurf(y)-tai (y))dy (2) 

where y denotes the distance from the air inlet, and y is 
represented as a normalized parameter, i.e. is the distance 
relative to the total length of the flow path, so the outlet is 
at 1, tends(y) is the Surface temperature of the condenser 
heat exchanging Surface at position y, and t(y) is the air 
temperature at position y. tendsurf could be established by 
direct measurement using a temperature Sensor. Such Sen 
Sors, however, are expensive and especially when placed 
outside they are Subject to errors. It is hence preferred to 
establish an estimate of the Surface temperature of the 
condenser based on evaluation of parameters of the refrig 
erant. 

0045. In the condenser the refrigerant is present in three 
different phases: in a region at the refrigerant inlet, the 
refrigerant is in gas phase and more or leSS Superheated, in 
another region, in which the refrigerant condensates at a 
constant temperature, the refrigerant is present as a mixture 
of gas and liquid, and in a third region, the refrigerant is 
liquid and more or leSS Sub-cooled. 

0046) In the following, tau(y) is in the two-phase 
and liquid regions assumed to be equal to the condensation 
temperature of the refrigerant. For the gas phase region 
tau(y) is assumed to be the mean of the refrigerant gas 
temperature and the condensation temperature. 

0047 For the region of the heat exchanger, where the 
refrigerant is present as Sub-cooled liquid, which is the 
region from y=0 to y=y, it is assumed that the temperature 
increases linearly with a gradient k, which is found to 
produce an adequately accurate temperature profile for most 
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purposes. Estimating as mentioned that the condenser Sur 
face temperature equals the condensation temperature, the 
temperature increment can be found as: 

where k is a constant describing the temperature gradient in 
the Sub-cooled region, and tituta is the refrigerant tempera 
ture at the refrigerant outlet. 
0.048 For the second, two-phase region from y=y to 
y=y, estimating as mentioned that the condenser Surface 
temperature equals the condensation temperature (t 
'cond), 

dtai (y)=C(tcond-tai,(y))dy (4) 

0049. For the Superheated gas region, i.e. the region from 
y=y to y=y=1, the temperature is assumed to vary linearly 
with a gradient k, and the equation is estimated as 

where y denotes the end of the two-phase region, and k 
denotes a mean temperature gradient for the Superheated gas 
phase. 

condsurf 

0050. To obtain the air temperature in the condenser, the 
above equations (3), (4) and (5) are integrated, and hence: 
0051) For the sub-cooled region (0<y<y) 

(6) k1 (atai(0) + k - atiquid) ti(y) = titid + kyi - + T-e 'I 
C C 

where t0) is the air temperature at the inlet to the flow 
path 9, i.e. the ambient temperature. 
0.052 For the two-phase region (y-y-y) 

tai,(y)=tonat(tai (y)-toona)e'') (7) 
For the Superheated gas region (y2<y<1 (=y3)) 

(8) *2 (airy2)**2 cond) oty-y2) tai(ys) = icond + k2(y3 - y2) - - - + 
C C 

0053. It is hence possible to estimate an air outlet tem 
perature using these equations. Parameters needed for the air 
outlet temperature estimate are the air inlet temperature, the 
temperature of the refrigerant at the inlet and outlet, the 
condensation temperature of the refrigerant, estimates for y 
and y, k and k. It is found that for many condensers 
approximately 5% of the heat eXchange is in the first region 
where the refrigerant is present as Sub-cooled liquid, 
approximately 75% of the heat eXchange takes place in the 
Second region, i.e. the part of the condenser where the 
refrigerant is changing phase from gas to liquid, and the 
remaining approximately 20% of the heat eXchange takes 
place in the region of the condenser, where the refrigerant is 
present as Superheated gas. The value of k can be estab 
lished more or less empirically based on y1, tituta and tend, 
whereask can be established more or leSS empirically based 
onya, the refrigerant outlet temperature, td and the Overall 
length of the flow path. The air outlet temperature can thus 
be obtained primarily based on parameters of the refrigerant, 
and these refrigerant parameters will normally already be 
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known, as most modern refrigeration Systems comprise a 
controller of the refrigeration System with Sensors constantly 
measuring these parameters. FIG. 4 illustrates an example 
of the temperature profile of the cross-flow condenser. If a 
less accurate answer is Satisfactory, it is possible to use a 
Simplified model taking e.g. only the two-phase region and 
the Superheated gas region into account, or even only the 
two-phase region, where most of the heat eXchange takes 
place. 

0054 The estimated air outlet temperature can then be 
compared with a measured air outlet temperature obtained 
by a temperature sensor at the air outlet. When the heat 
eXchanger experiences an abnormality, a significant estima 
tion error occurs, which can be used to trigger an alarm 
Signal. 
0055 Although this approach of comparing the air outlet 
temperature directly with a measured temperature may be 
convenient and adequate in Some Systems, a more Stable and 
reliable result can be obtained when basing the evaluation on 
the assumption of energy balance of the heat eXchanger. 
However, a direct outlet temperature is rarely convenient 
and moreover temperature Sensor measuring air outlet tem 
perature will Seldom be present, So there is a need for an 
alternative approach. 
0056. The energy balance of the condenser can be stated 
S. 

oA-Qker (9) 
where QA is the heat taken up by the air per time unit, i.e. 
the rate of heat flow delivered to the air, and Of the heat 
removed from the refrigerant per time unit, i.e. the rate of 
heat flow delivered by the refrigerant. 
0057 The basis for establishing the rate of heat flow of 
the refrigerant (Q) i.e. the heat delivered by the refriger 
ant per time unit is the following equation: 

QRef-mRef(hRef, in-hRef, out) (10) 

where mirer is the refrigerant mass flow. hreft is the 
Specific enthalpy of the refrigerant at the condenser outlet, 
and his is the specific enthalpy of the refrigerant at the 
condenser inlet. The Specific enthalpy of a refrigerant is a 
material and State property of the refrigerant, and the Specific 
enthalpy can be determined. The refrigerant manufacturer 
provides a log p, h-diagram of the type according to FIG. 5 
for the refrigerant, wherein the thermodynamic cycle of a 
refrigeration system is sketched for illustration. From I to II, 
the refrigerant gas is compressed in a compressor, from II to 
III, the refrigerant is cooled in a condenser from a State of 
Superheated gas to condensation and further to a State of 
sub-cooled liquid. From III to IV, the refrigerant is expanded 
in an expansion device to a lower preSSure, where the 
refrigerant is present as a mixture of liquid and gas. From IV 
to I, the refrigerant is heated in an evaporator So at point I 
at the entry to the compressor, the refrigerant is completely 
gaseous. 

0058 With the aid of this diagram the specific enthalpy 
difference acroSS the condenser can be established. For 
example to establish his with the aid of a log p, h-dia 
gram, it is only necessary to know the temperature and the 
pressure of the refrigerant at the condenser inlet (Treft, and 
P, respectively). Those parameters may be measured 
with the aid of a temperature Sensor and a preSSure Sensor. 
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0059 Similarly, to establish the specific enthalpy at the 
condenser outlet, two measurement values are needed: the 
refrigerant temperature at condenser outlet (Trefu) and the 
pressure at the condenser outlet (P), which can be 
measured with a temperature Sensor and a pressure Sensor, 
respectively. 
0060 Instead of the log p, h-diagram, it is naturally also 
possible to use values from a chart or table, which simplifies 
calculation with the aid of a processor. Frequently the 
refrigerant manufacturers also provide equations of State for 
the refrigerant, So a direct calculation can be made. 
0061 The mass flow of the refrigerant may be established 
by assuming Solely liquid phase refrigerant at the expansion 
device entry. In refrigeration Systems having an electroni 
cally controlled expansion valve, e.g. using pulse width 
modulation, it is possible to determine the theoretical refrig 
erant mass flow based on the opening passage and/or the 
opening period of the valve, when the difference of absolute 
pressure across the valve and the Subcooling (Twi,) at the 
expansion valve entry is known. Similarly the refrigerant 
mass flow can be established in refrigeration Systems using 
an expansion device having a well-known opening passage 
e.g. fixed orifice or a capillary tube. In most Systems the 
above-mentioned parameters are already known, as pressure 
Sensors are present, which measure the pressure in the 
condenser3. In many cases the Subcooling is approximately 
constant, Small and possible to estimate, and therefore does 
not need to be measured. The refrigerant mass flow through 
the expansion valve can then be calculated by means of a 
Valve characteristic, the pressure differential, the Subcooling 
and the valve opening passage and/or valve opening period. 
With many pulse width modulated expansion valves it is 
found for constant Subcooling that the theoretical refrigerant 
mass flow is approximately proportional to the difference 
between the absolute pressures before and after and the 
opening period of the valve. In this case the theoretical mass 
flow can be calculated according to the following equation: 

mRef-kexp(Pcond-PEvap)"OP (11) 

where Pond is the absolute pressure in the condenser, Pear 
the preSSure in the evaporator, OP the opening period and 
k, a proportionality constant, which depend on the valve 
and Subcooling. In Some cases the Subcooling of the refrig 
erant is So large, that it is necessary to measure the Subcool 
ing, as the refrigerant flow through the expansion valve is 
influenced by the Subcooling. In a lot of cases it is however 
only necessary to establish the absolute pressure before and 
after the valve and the opening passage and/or opening 
period of the valve, as the Subcooling is a Small and fairly 
constant value, and Subcooling can then be taken into 
consideration in a valve characteristic or a proportionality 
constant. The value of the mass flow is not critical, and 
another possibility is to establish the mass flow from the 
compressor directly based on empirical values e.g. data 
Supplied by the manufacturer of the compressor and the 
absolute pressure before and after the compressor. 
0062 Similarly the rate of heat flow heat of the air ( 
QAir), i.e. the heat taken up by the air per time unit may be 
established according to the equation: 

QAir-mAi (hair.out-hairin) (12) 
where mai is the mass flow of airper time unit, hat is the 
Specific enthalpy of the air before the condenser, and hA 
is the Specific enthalpy of the air after the condenser. 

irout 
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0063. The specific enthalpy of the air can be calculated 
based on the following equation: 

h=1.006" t-x(2501+1.8 t),h=kJ/kg (13) 

where t is the temperature of the air, i.e. Tit, before the 
condenser and T. after the condenser. X denotes the 
absolute humidity of the air. The absolute humidity of the air 
can be calculated by the following equation: 

Pw (14) 
PAnh PW 

x = 0.62198. 

0064. Here p is the partial pressure of the water vapour 
in the air, and pa is the air pressure. p. can either be 
measured or a Standard atmosphere pressure can Simply be 
used. The deviation of the real pressure from the standard 
atmosphere pressure is not of Significant importance in the 
calculation of the amount of heat per time unit delivered by 
the air. The partial preSSure of the water vapour is deter 
mined by means of the relative humidity of the air and the 
Saturated water vapour pressure and can be calculated by 
means of the following equation: 

0065 Here RH is the relative humidity of the air and 
p, the Saturated pressure of the water vapour. pwsat is 
Solely dependent on the temperature, and can be found in 
thermodynamic reference books. The relative humidity of 
the air can be measured or a typical value can be used in the 
calculation. 

0066. When equations (10) and (12) is set to be equal, as 
implied in equation (9), the following is found: 

mai,(hair.out-hair. In)-mRe?h Ref, In-hRef, out) (16) 

0067. From this the air mass flow mA can be found by 
isolating mai. 

(hRef. In hRef. Out) (17) 
in Air = in Ref : or to (hAir Out - hAirlin) 

0068 Assuming faultless air flow this equation can be 
used to evaluate the operation of the System. In many cases 
it is recommended to register the air mass flow in the System. 
AS an example this air mass flow can be registered as an 
average over a certain time period, in which the refrigeration 
System is running under Stabile and faultleSS operating 
conditions. Such a time period could as an example be 100 
minutes. This estimated air mass flow found as an average 
under Stabile and faultless operating conditions is denoted 
Ill Air. 

0069. A certain difficulty lies in the fact that the signals 
from the different sensors (thermometers, pressure Sensors) 
are Subject to Significant variation. These variations can be 
in opposite phase, So a signal for the estimated air outlet 
temperature or the energy balance is achieved, which pro 
vides certain difficulties in the analysis. These variations or 
fluctuations are a result of the dynamic conditions in the 
refrigeration System. It is therefore advantageous regularly, 
e.g. once per minute, to establish a value, which in the 
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following will be denoted “residual”, based on the energy 
balance according to equation (9): 

r-Qai-Oker (18) 
So based on the equations (10) and (12), the residual can be 
found as: 

r=mai (hair. outh Air In)-iRefth Ref, In-hRef. out) (19) 
where m is the estimated air mass flow, which is estab 
lished as mentioned above, i.e. as an average during a period 
of faultleSS operation. Another possibility is to assume that 
mA is a constant value, which could be established in the 
very simple example of a condenser having a constantly 
running fan. Even in Systems with variable flow capacity, 
Such as Systems having a plurality of fans, which can be 
activated independently, or in Systems incorporating one or 
more fans running with variable Speed, e.g. using a fre 
quency converter, a fair estimate of the mass flow can be 
established. The estimated mass flow can be found by 
establishing the number of currently connected fans, i.e. 
how many fans are connected, and/or the Speed of the fans, 
to thereby establish the flow capacity of the connected fans, 
e.g. by use of empirical values. 
0070 The estimated air outlet temperature can similarly 
by evaluated by providing the residual as the difference 
between the estimated air outlet temperature and a prede 
termined air outlet temperature. The predetermined air outlet 
temperature may be measured directly or may be obtained as 
an empirical value. 
0071. In a refrigeration system operating faultlessly, the 
residual r has an average value of Zero, although it is Subject 
to considerable variations. To be able to early detect a fault, 
which shows as a trend in the residual, it is presumed that the 
registered value for the residual r is Subject to a Gaussian 
distribution about an average value and independent whether 
the refrigeration System is working faultleSS or a fault has 
Sc. 

0.072 In principle the residual should be zero no matter 
whether a fault is present in the System or not, as the 
principle of conservation of energy or energy balance of 
course is eternal. When it is not the case in the above 
equations, it is because the prerequisite for the use of the 
equations used is not fulfilled in the event of a fault in the 
System. 

0073. In the event of fouling of the condenser surface, the 
thermo conductivity changes, So that a becomes Several 
times Smaller. This is not taken into account in the calcula 
tion, So the estimated rate of heat flow of the air QA used 
in the equations is significantly bigger than in reality. For the 
rate of heat flow of the refrigerant (Q), the calculation is 
correct (or assumed correct), which means that the calcu 
lated value for the rate of heat flow of the refrigerant (Q) 
acroSS the heat eXchanger equals the rate of heat flow of the 
refrigerant in reality. The consequence is that the average of 
the residual becomes positive in the event of fouling of the 
condenser Surface. 

0.074. In the event of a fault causing reduced air flow 
through the condenser (a defect fan or e.g. dirt covering the 
air inlet of the heat exchanger) the mass flow of air is less 
than the estimated value of the mass flow of air mA used in 
the calculations. This means that the rate of heat flow of the 
air used in the calculations is larger than the actual rate of 
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heat flow of the air in reality, i.e. leSS heat per unit time is 
removed by the air than expected. The consequence (assum 
ing correct rate of heat flow of the refrigerant), is that the 
residual becomes positive in the event of a fault causing 
reduced air flow across the condenser. 

0075 To filter the residual signal for any fluctuations and 
oscillations Statistical operations are performed by investi 
gating the residual. 
0076. The investigation is performed by calculating an 
abnormality indicator according to the following equation: 

Sui-1 + Si, when Sui-1 + Sui - 0 (20) 
Sui = 0, when Sui-1 + suis O 

where s is calculated according to the following equation: 

Fo A) (21) Sui = c (r. 2 

where c is a proportionality constant, to a first Sensibility 
value, it a Second Sensibility value, which is positive. 
0077. In equation (20) it is naturally presupposed that the 
abnormality indicator Si, i.e. at the first point in time, is set 
to zero. For a later point in time is used s according to 
equation (21), and the Sum of this value and the abnormality 
indicator S. at a previous point in time is computed. When 
this Sum is larger than Zero, the abnormality indicator is Set 
to this new value. When this Sum equals or is less than Zero, 
the abnormality indicator is Set to Zero. In the Simplest case 
tio is set to Zero. u is a chosen value, which e.g. establish that 
a fault has arisen. The parameter u is a criterion for how 
often it is accepted to have a false alarm regarding heat 
eXchanger abnormality detection. 

0078 When for example a fault occurs in that the air inlet 
of the condenser is covered by e.g. leaves, then the abnor 
mality indicator will grow, as the periodically registered 
values of the S. in average is larger than Zero. When the 
abnormality indicator reaches a predetermined value an 
alarm is activated, the alarm showing that the air mass flow 
is reduced. If a larger value of u is chosen, fewer false alarms 
are experienced, but there exist a risk of reducing Sensitivity 
for detection of a fault. 

0079 The principle of operation of the filtering according 
to equation (20) and (21) shall be illustrated by means of 
FIGS. 7 and 8, where the filtering is used on the residual 
found using energy balance, i.e. based on equation (18). In 
FIG. 7 the time in minutes is on the x-axis and on the y-axis 
the residual r. FIG. 7 illustrates the emerging of a fault in 
that the condenser of a shop was Subject to a Sudden fouling 
at approximately t=2900 minutes. However, as can be seen 
the Signal is Subject to quite Significant fluctuations and 
variations, which makes evaluation difficult, and the pres 
ence of a problem is really not evident before approximately 
t=5500 minutes. 

0080. In FIG. 8, which represent the filtering of the data 
of FIG. 7 with means of the abnormality indicator according 
to equation (20), the time in minutes in on the X-axis and on 
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the y-axis the abnormality indicator S. AS can be seen, the 
heat eXchanger was working properly until approximately 
t=2900 minutes, when a Sudden fouling took place, and the 
abnormality indicator S rose. This is easier to see in FIG. 9, 
which is an enlarged portion of FIG. 8. In FIG. 9 the 
abnormality at approximately t=2900 minutes can be easily 
detected using the abnormality indicator S compared to 
using the residual or the air outlet temperature. 
0081. A further advantage of the device is that it may be 
retrofitted to any refrigeration or heat pump System without 
any major intervention in the refrigeration System. The 
device uses Signals from Sensors, which are normally 
already present in the refrigeration System, or Sensors, which 
can be retrofitted at a very low price. 
0082) While the present invention has been illustrated 
and described with respect to a particular embodiment 
thereof, it should be appreciated by those of ordinary skill in 
the art that various modifications to this invention may be 
made without departing from the Spirit and Scope of the 
present invention. 

What is claimed is: 
1. A method for detecting an abnormality of a heat 

eXchanger eXchanging heat between a first fluid flow flowing 
in a conduit and a Second fluid flow flowing along a flow 
path, Said conduit and Said flow path each having an inlet 
and an outlet, Said method comprising the Steps of: 

establishing at least one parameter representative of the 
temperature conditions of the heat eXchanger; 

establishing a Second fluid inlet temperature; 
establishing a parameter indicative of expected heat 

eXchange between the heat eXchanger and the Second 
fluid; 

establishing an estimated Second fluid outlet temperature; 
and 

employing the estimated Second fluid outlet temperature 
for evaluating the heat eXchange between the first and 
Second fluids by comparing the estimated Second fluid 
outlet temperature, or a parameter derived therefrom, 
with a reference value, 

wherein the estimated Second fluid outlet temperature is 
established from at least one parameter representative 
of the temperature conditions of the head exchanger, 
the Second fluid inlet temperature and the parameter 
being indicative of an expected heat eXchange. 

2. The method according to claim 1, wherein the reference 
value is a predetermined Second fluid outlet temperature. 

3. The method according to claim 1, wherein the esti 
mated Second fluid outlet temperature is used for establish 
ing a Second heat rate of the Second fluid for evaluating the 
energy balance of the Second heat rate of the Second fluid 
compared to a first heat rate of the first fluid. 

4. The method according to claim 3, wherein the Second 
rate of heat flow of the second fluid is established by 
establishing an estimate of a Second fluid mass flow and a 
Specific enthalpy change of the Second fluid acroSS the heat 
eXchanger based on the estimated Second fluid outlet tem 
perature and the Second fluid inlet temperature, and the 
condensation pressure. 
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5. The method according to claim 3, wherein the first rate 
of heat flow is established by establishing a first fluid mass 
flow and a Specific enthalpy change of the first fluid acroSS 
the heat eXchanger based on parameters representative for 
first fluid inlet and outlet temperatures. 

6. The method according to claim 3, wherein a residual is 
established as difference between the first heat rate and the 
Second heat rate. 

7. The method according to claim 2, wherein a residual is 
established as difference between the estimated and prede 
termined Second fluid outlet temperature. 

8. The method according to claim 6, wherein an abnor 
mality indicator is provided by means of the residual, the 
abnormality indicator being provided according to the for 
mula: 

Sui-1 + Si, when Sui-1 + Sui > 0 (20) 
Sui = 0, when Sui-1 + Sluis O 

where s is calculated according to the following equa 
tion: 

ilo - it 21 sui = c (r. - 9. ) (21) 

where 

r: residual 
c: proportionality constant 
tuo: first Sensibility value 
ti: Second Sensibility value. 
9. A heat eXchanger abnormality detection device for a 

heat eXchanger eXchanging heat between a first fluid in a 
conduit and a Second fluid in a flow path the device 
comprising: 

a first estimator estimating at least one parameter repre 
Sentative of the temperature conditions of the heat 
eXchanger; 

a first intermediate memory means Storing at least one 
parameter representative of the temperature conditions 
of the heat eXchanger, 

a temperature Sensor measuring the Second fluid inlet 
temperature; 

a Second intermediate memory means Storing the Second 
fluid inlet temperature, a Second estimator establishing 
a parameter indicative of expected heat eXchange 
between the heat eXchanger and the Second fluid, 

a third intermediate memory means Storing the parameter 
indicative of expected heat eXchange; 

a processor establishing an estimated Second fluid outlet 
temperature, and 

a comparator comparing the estimated Second fluid outlet 
temperature, or a parameter established on basis 
thereof, with a reference value; 
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wherein the estimated Second fluid outlet temperature is 
based on Said at least one parameter representative of 
the temperature conditions of the heat eXchanger, Said 
Second fluid inlet temperature, from the first and Second 
intermediate memory means, respectively, and the 
parameter indicative of expected heat eXchange from 
the third intermediate memory means. 

10. The detection device according to claim 9, wherein the 
detection device further comprises memory means for Stor 
ing at least one parameter from the processor. 

11. The detection device according to claim 9, wherein the 
heat eXchanger is part of a vapour-compression refrigeration 
or heat pump System comprising a compressor, a condenser, 
an expansion device, and an evaporator interconnected by 
conduits providing a flow circuit for the first fluid, said first 
fluid being a refrigerant. 
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12. The detection device according to claim 11, wherein 
the heat eXchanger is the condenser. 

13. The detection device according to claim 9, wherein the 
Second fluid is air. 

14. The detection device according to claim 11, wherein 
that the condenser is part of a refrigerated display cabinet 
positioned within a building and the condenser is positioned 
outside the building. 

15. The detection device according to claim 9, wherein the 
detection device is used for detecting fouling of the heat 
eXchanger and/or detecting insufficient flow of the Second 
fluid. 


