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Method and Apparatus for Initiating Coil Defrost in a Refrigeration System Evaporator

Field of the Invention

[0001] This invention relates primarily to industrial or commercial refrigeration systems.
Specifically, this invention relates to systems for detecting an accumulation of frost on an
evaporator and initiating a defrost cycle when the accumulation of frost reaches unacceptable

levels.
Background of the Invention

[0002] Conventional refrigeration systems achieve cooling by allowing a refrigerant such as
ammonia or a fluorocarbon to evaporate in the coils of an evaporator. As the refrigerant
evaporates, it absorbs heat from the surrounding arca. A fan or other air moving device is used to
draw air through the evaporator so that heat is removed more effectively from the air in the space

that is being refrigerated.

[0003] As the temperature in the evaporator is generally below the freezing point of water,
water vapor in the air often condenses on the evaporator coils and solidifies as frost. The buildup
of frost adversely affects the cooling efficiency of the evaporator due to two cooperating factors.
First, frost is a thermal insulator. The thicker the frost layer on the evaporator coils, the less
cfficient the heat transfer between the air and the evaporator. In addition, the buildup of frost
restricts the air flow through the evaporator coils. As a result, less air is cooled. Eventually, as
frost builds up, the combined effects of reduced air flow and reduced heat transfer require that

the evaporator be defrosted to restore cooling efficiency.

[0004] One method for defrosting evaporators in prior systems has been to defrost them
automatically and periodically under timed control. The time between the defrost cycles is set by

an operator based on experience with the system.

[0005] Other prior systems have tried to initiate defrost cycles only when the frost buildup is
large enough to adversely impact the cooling efficiency of the refrigeration system. In U.S. Pat.
No. 4,123,792, a system is described which measures the power consumed by an electric fan

motor which draws air over the evaporator. The principle of operation of this system is that frost
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buildup on the evaporator impedes air flow. As frost builds, the motor works harder to drive the
fan, and when a particular set point for power consumption by the fan is reached, the system
presumes that defrost is required and a defrost cycle is initiated. Other systems, such as that
shown in U.S. Pat. No. 4,400,949, also use information regarding fan motor power consumption
but combine that information with information regarding the temperature of the refrigerated

space and the temperature of the unit cooler to determine whether defrost is required.

[0006] Other frost detection systems such as those shown in U.S. Pat. Nos. 4,045,971 and
4,232,528, employ photoclectric sensors to detect the level of frost buildup on an evaporator coil.
The system in U.S. Pat. No. 4,831,833 uses an air velocity sensor in the air flow path to

determine whether defrost should be initiated.

[0007] Another prior art system senses the differences in air temperature on each side of the
evaporator in the refrigerated space as well as the temperature of the refrigerant leaving the
evaporator. The data from the sensors is processed to determine if there is a frost buildup

requiring the initiation of the defrost cycle.
Summary of the Invention

[0008] The various prior art systems described above all suffer from limitations that the
present invention is designed to overcome in order to create a system that can determine more
precisely when defrost is required. In this way the defrost cycle is only initiated when it is
necessary considering the operator’s priorities with respect to power consumption, cooling

efficiency and other factors.

[0009] The problem with prior art timed defrost systems is that the amount of water vapor in
the air in the refrigerated arca varies depending on a number of factors. Some of these factors
include the humidity in the environment surrounding the space being cooled, the number of
times the access door to the refrigerated arca is opened, and the duration of such openings. The
temperature in the area being cooled, the temperature of the evaporator, the velocity of the air
passing through the evaporator and the evaporation of water from items stored in the cooled area,
are all factors that also affect the rate of frost buildup. Usually, timed defrost systems must be sct

for the severe conditions when frost will accumulate most rapidly. When conditions are not so
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severe, there are unnecessary defrost cycles which waste energy and cost money. Conversely, if
the timer is set for modest conditions, and actual conditions are more severe, then defrost cycles

could be delayed beyond when they are needed thereby compromising system performance.

[00010] The problem with systems that initiate defrost cycles based on power consumption,
such as that disclosed in the ‘792 and ‘949 patents, is that factors other than frost buildup also
impact the power requirements for a fan motor. Such factors include the supply voltage, the
temperature in the cooled space, and the age of the motor. The system described in the ‘949
patent also has the disadvantage that the characteristics of refrigeration system components vary

with age and loss of refrigerant. Such a system cannot compensate for these factors.

[00011] The problem with frost detection systems that rely on photoelectric sensors, such as
that disclosed in the ‘971 patent, is that they are only capable of sensing frost at a particular
location on an evaporator. As frost buildup is not always regular or uniform, frost may build at
locations away from the photoelectric sensor and not be detected. This will cause the evaporator
to operate inefficiently because defrosting may be needed even though it is not detected due to
the location of the sensors. In other situations frost may build up near the sensor to a greater
extent than at other locations causing defrost to be initiated when it is not needed. Another
deficiency of such systems is that they may not detect the buildup of transparent, clear ice. The

system in the ‘833 patent suffers from similar location-dependent deficiencies.

[00012] The problem with systems that rely on temperature differences on each side of the
evaporator, and the temperature of the refrigerant as it leaves the evaporator, is that they are
complex, and changes in temperature across the evaporator indicative of frost buildup may occur
in other situations as well. In addition, such systems cannot compensate for changes that occur

with age or loss of refrigerant.

[00013] Accordingly, the inventors determined that there exists a need for a frost detection
system that is more accurate, reliable and less expensive to implement than existing systems and
which is unaffected by changes in the system due to changes in system components, or age or

loss of refrigerant.

[00014] The present invention is an improved method and system for detecting and preventing
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the capacity reduction impact of frost building on a coil surface. As discussed above, prior
methods have relied on air side pressure increase, surface frost optical detection, air side
temperature change with time, fan power increase or other external measures that indirectly
indicate frosted coil performance reduction. This invention relies on detecting a change in the
amount of internal refrigerant liquid that is evaporated by the heat exchanger, and/or changes in
the ratio of refrigerant liquid to refrigerant vapor. The invention may be used to initiate coil
defrost in any evaporating refrigerant cooling system, including direct expansion and liquid

overfeed evaporators.

[00015] In an overfeed evaporator coil, more liquid is introduced into the coil than is
evaporated by the coil. The excess liquid is called overfeed, which returns to the low pressure
side accumulator. By overfeeding the evaporator, the inner surface is kept thoroughly wetted and

thus achieves optimum heat transfer.

[00016] In an evaporating refrigerant cooling system, the ratio of liquid refrigerant to
evaporated refrigerant in the vapor phase is referred to as the liquid mass ratio. As the coil
builds frost on its exterior, the evaporative efficiency declines, and as the evaporative efficiency
declines, less refrigerant is evaporated, and the liquid mass ratio increases. According to the
invention, the liquid mass ratio is measured with a suitable sensor, including but not limited to a
void fraction sensor. The sensor produces an output signal that is reflective of the amount of
liquid in the refrigerant flow stream. When the system is fully defrosted, ¢.g., at start-up, or after
a full defrost, the sensor and its control system can measure a first or initial or full defrost liquid
mass ratio, and use that ratio as the starting point for determining the trigger point for a defrost
cycle. As a coil builds frost, the liquid mass ratio increases. When the increase in liquid mass
ratio exceeds a specified value, that is, a predetermined increase over the first/initial/full defrost
value, a control will signal that defrost of the coil is required. The system can initiate defrost
automatically upon receipt of such signal, or can be configured to alert a system operator to

manually authorize system defrost.

[00017]  After the coil defrosts fully, the control system may optionally measure the liquid
mass ratio, compare it to a first/initial liquid mass ratio and/or to a previous full defrost liquid

mass ratio, and optionally use the new ratio, or optionally an average of prior full defrost liquid
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mass ratios, to usc as the starting point for determining the trigger point for the next defrost
cycle. In this way the system can be dynamic as it constantly adjusts to actual site and system
conditions, and thus takes into account such factors as the age and possible loss of refrigerant. In
the case of a liquid overfeed evaporator, the control system can also use input from the liquid
mass ratio sensor to detect if an evaporator is operating at an optimum overfeed rate. The
overfeed rate may not be optimum due to liquid feed valve settings or a reduction in heat transfer

unrelated to frost on the coil.

[00018] The operator can manipulate the trigger point to meet specific requirements based on
system priorities. The defrost trigger point might be set low (e.g., when the liquid mass ratio is
5% over the first/initial/full defrost liquid mass ratio), when just a little bit of frost is starting to
form, if high performance/efficiency (frost inhibits performance) is required. Alternatively, the
defrost trigger point might be set higher if some capacity loss is acceptable and/or fewer defrost

cycle events is desired.

[00019] According to one embodiment of the invention, there is provided a frost detection
system for an evaporator which senses frost buildup by measuring the liquid mass ratio in or
exiting from the evaporator coil. According to a preferred embodiment of the invention, a liquid
mass ratio sensor is located in the evaporator coil. According to another embodiment of the

invention, a liquid mass ratio sensor is located between the evaporator coil and the compressor.

[00020]  According to one embodiment of the invention, there is provided a frost detection

system which need not take into account temperature in the refrigerated arca.

[00021]  According to one embodiment of the invention, there is provided a frost detection
system that need not take into account changes in the operating characteristics of the

refrigeration equipment due to aging.

[00022]  According to one embodiment of the invention, there is provided a frost detection
system that assumes that the heat load is constant. According to another embodiment of the
invention, the frost detection system may be provided with a device that measures the heat load
of the system, for example the air temperature into the coil relative to coil saturation temperature

or the total flow rate of refrigerant (both liquid and vapor), and the heat load information is used
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to adjust the defrost point for specific liquid mass ratios detected by the liquid mass ratio sensor.

[00023]  According to one embodiment of the invention, there is provided a frost detection

system that is more accurate, reliable and less expensive to implement that existing systems.

[00024]  According to one embodiment of the invention, there is provided a method for
controlling and/or initiating the defrost cycle of an evaporative coil having the following steps:
detecting the ratio of liquid refrigerant to refrigerant in a vapor phase; and initiating a defrost
cycle when the ratio of liquid refrigerant to vapor phase refrigerant equals or exceeds a
predetermined amount. The predetermined amount may be changed according to operator
preference. According to this and other embodiments of the invention, a first ratio of liquid
refrigerant to vapor phase refrigerant may be determined when said evaporative coil has no frost.
According to other embodiments, a defrost cycle may be initiated when the detected liquid to
vapor mass ratio is an amount higher (e.g., 5%, 10%, 15%) than said first liquid to vapor mass

ratio.

[00025]  According to one embodiment of the invention, there is provided a method for
controlling and/or initiating the defrost cycle of an evaporator having the following steps:
detecting a first capacitance between charged plates situated in the coil of an evaporator, or
downstream of the coil; detecting a second capacitance between the charged plates; and initiating
a defrost cycle when a difference between the first capacitance and the second capacitance equals
or exceeds a predetermined amount. The predetermined amount may be changed according to
operator preference. According to this and other embodiments of the invention, the difference
between said first capacitance and said second capacitance corresponds to a difference in
volumes of fluid passing between said charged plates. According to further embodiments of the

invention, the first capacitance is determined when said evaporator has little or no frost.

[00026]  According to a preferred embodiment, the method is used in a liquid overfeed

evaporator, but it may also be used in other systems including direct expansion systems.

[00027]  According to another embodiment of the invention, there is provided an apparatus for
initiating coil defrost in an evaporator, the apparatus including a refrigerant evaporating heat

exchange coil and a sensor for detecting the ratio of liquid refrigerant to refrigerant in a vapor
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phase. Said sensor may be located in said coil, or between said coil and a condenser of said
evaporator, more particularly between said coil and a compressor of said evaporator, and more

particularly between said coil and a separator of said evaporator.

[00028]  According to a preferred embodiment of the invention, the refrigerant evaporating

heat exchange coil is in a liquid overfeed evaporator.

[00029]  According to another embodiment of the invention, there is provided an apparatus for
initiating coil defrost in a refrigeration system, the apparatus including a refrigerant evaporating
heat exchange coil and a liquid mass ratio sensor located in the coil, or downstream of said coil,
wherein said liquid mass ratio sensor is a capacitance sensor. According to this embodiment, the
liquid mass ratio sensor may include a plurality (two or more) of spaced apart conductive
clements conductively connected to a current source. According to this embodiment, the sensor
detects changes in capacitance due to changes in the amount of liquid between the spaced apart
conductive elements. According to a further embodiment of the invention, the liquid mass ratio
sensor is a parallel plate sensor. According to yet a further embodiment of the invention, the
liquid mass ratio sensor is made of parallel plates configured to receive a charge, and where the
sensor is configured to take capacitance readings that reflect a volume of liquid passing between
the plates of the sensor. According to various other embodiments of the invention, the
conductive elements may take the form of coils, cylinders, or other shapes. According to a
preferred embodiment of the invention, the conductive elements of the sensor may be in the form

of parallel concentric cylinders.
Description of the Drawings

[00030] The subsequent description of the preferred embodiments of the present invention

refers to the attached drawings, wherein:

[00031] Figure 1 shows a perspective view of a sensor according to an embodiment of the

invention.

[00032]  Figure 2 shows an end view of the sensor shown in Figure 1.
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[00033] Figure 3 shows a cross-sectional view of the sensor shown in Figures 1 and 2.

[00034] Figure 4 is a representation of a refrigerant evaporating cooling system having a

sensor according to an embodiment of the invention.
Detailed Description of the Invention

[00035] The following description is of a particular embodiment of the invention, set out to
enable one to practice an implementation of the invention, and is not intended to limit the
preferred embodiment, but to serve as a particular example thereof. Those skilled in the art
should appreciate that they may readily use the conception and specific embodiments disclosed
as a basis for modifying or designing other methods and systems for carrying out the same
purposes of the present invention. Those skilled in the art should also realize that such
equivalent assemblies do not depart from the spirit and scope of the invention in its broadest

form.

[00036] Figure 1 shows a sensor 2 according to one embodiment of the invention. The sensor
shown in Figure 1 works on the basis of capacitance change due to the amount of liquid
refrigerant between two charged plates. As mentioned above, this is only one embodiment of the
invention according to which the amount of liquid refrigerant in the coil or leaving the coil may

be determined according to any number of known methods.

[00037] According to the embodiment of Figure 1, the capacitance sensor includes charged
plates in the form of concentric cylinders, 6 and 8, see Figures 2 and 3. The sensor shown in
Figures 1-3 is a 2-inch HBDX-SAM-Mark void fraction sensor (in gas-liquid two-phase flow,
the void fraction is defined as the fraction of the flow-channel volume that is occupied by the gas
phase or, alternatively, as the fraction of the cross-sectional area of the channel that is occupied
by the gas phase). The HBDX-SAM-Mark sensor may be purchased from HB Products of
Denmark, but any sensor that detects capacitance change between charged elements due to
changes in the amount of liquid between them can be used according to the capacitance detection
embodiment of the invention. Cylinder 6 is held in the refrigerant flow path of cylinder 8
(which may also serve as the sensor housing) by stacks 12. Stacks 12 are conductively

connected to charged cylinders 6 and 8. As the liquid refrigerant quantity increases, the
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capacitance increases. The capacitance change, which is very small, is detected by a
sophisticated electronic circuit 18 and then output in a useable signal to control system 20.
According to an alternate embodiment, the sensor may include additional concentric cylinder 4,
held in the refrigerant flow path of cylinder 8 by supports 10, and capacitance changes between
cylinders 4 and 6, between cylinders 4 and 8, or between cylinders 4, 6 and 8 may be used to

compare changes in the amount of liquid between them over time.

[00038] According to a preferred embodiment, the liquid mass ratio sensor of the invention,
whether a capacitance sensor or other liquid mass ratio sensor, may be placed in the coil of the
evaporator 14 (see Fig. 4), or it may be placed downstream of the evaporator, for example at
location 16. The sensor orientation may be vertical, horizontal or some other angle. Whatever
the orientation, the sensor is preferably exposed to the liquid and vapor flow in the evaporator or
downstream of the evaporator, and the sensor response is reflective of actual changes in the

amount of liquid refrigerant evaporated.

[00039] The user may select a particular sensor output for defrost initiation depending on the
cost of initiating a defrost cycle (cost of system down-time) relative to the savings gained
through capacity increase as a result of defrost. The selected point for defrost initiation may vary
with evaporator application and to user sensitivity to cost and/or efficiency. It is estimated that
the capacity reduction (loss of cooling power/efficiency) due to frost effects can range from 5%
to 25% or more. Thus, depending on costs of defrost versus importance of efficiency for
particular applications, the system of the invention may be set to initiate a defrost cycle when the
sensor detects a change in the liquid mass ratio of 5%, 10%, 15%, 20% or more, which may

correspond to reductions in capacity of anywhere from 5% to 25%.

[00040] Having now set forth exemplary embodiments and certain modifications of the
concept underlying the present invention, various other embodiments as well as certain
variations and modifications of the embodiments herein shown and described will obviously
occur to those skilled in the art upon becoming familiar with said underlying concept. It should
be understood, therefore, that the invention may be practiced otherwise than as specifically set

forth herein.
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CLAIMS
1. A method for controlling the defrost cycle of an evaporator, comprising:

detecting a first ratio of liquid refrigerant to refrigerant in a vapor phase at a location in

said evaporator or downstream of said evaporator;

detecting a second ratio of liquid refrigerant to refrigerant in a vapor phase at said

location at a different time;

initiating a defrost cycle for said evaporator when a difference between said first ratio and

said second ratio equals or exceeds a predetermined amount.

2. A method according to claim 1, comprising:

detecting a first capacitance between two charged plates situated in the evaporator or

downstream of said evaporator;
detecting a second capacitance between said two charged plates;

initiating a defrost cycle for said evaporator when a difference between said first

capacitance and said second capacitance equals or exceeds a predetermined amount.

3. A method according to claim 1, further comprising detecting a third ratio of liquid
refrigerant to refrigerant at said location, and stopping a defrost cycle for said evaporator when

said third ratio is the same or within a predetermined amount of said first ratio.

4, A method according to claim 1, wherein said first ratio is determined when said

evaporator has no frost.

10
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5. A method according to claim 1, wherein said difference between said first ratio and said

second ratio corresponds to a difference in volumes of liquid passing said location.

6. A method according to claim 2, wherein said difference between said first capacitance
and said second capacitance corresponds to a difference in volumes of liquid passing between

said charged plates.

7. A method according to claim 1, wherein said predetermined amount may be changed

according to operator preference.

8. A method according to claim 2, wherein said two charged plates are concentric cylinders

in a refrigerant flow path of said evaporator.

9. An evaporating refrigerant cooling system comprising an evaporator coil, a liquid mass
ratio sensor located in said coil or downstream of said coil, and a control system configured to
initiate a coil defrost cycle when said liquid mass ratio sensor outputs a value that equals or
exceeds a predetermined value and to discontinue said defrost cycle when said liquid mass ratio

sensor outputs a second value that is equal to or less than a second predetermined value.

10. An evaporating refrigerant cooling system according to claim 9, said liquid mass ratio
sensor comprising spaced-apart conductive elements configured to receive a charge, said sensor
configured to take capacitance readings reflective of a volume of fluid passing between said

plates.

11
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11.  An apparatus according to claim 10, wherein said spaced-apart conductive elements

comprise two concentric cylinders.

12
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