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REFRIGERANT CHARGING SYSTEM AND METHOD USING
- VAPOR-PHASE REFRIGERANT

TECHNICAL FIELD
[0001] The disclosure relates generally to refrigerant charging systems and, more

specifically, to a high precision, vibration-resistant refrigerant charging system.

BACKGROUND ART

[0002] Most refrigeration systems are not 100% free of leaks. Thus, the amount (or
mass) of refrigerant within the refrigeration system decreases over time. Refrigeration
systems, however, are designed to operate with a specific amount of refrigerant. Therefore,
loss of refrigerant in a refrigeration system over time typically reduces the efficiency of the
refrigeration system. Also, if the amount of refrigerant in the refrigeration system drops to a
certain level, the refrigeration system may cease to operate and/or be damaged. For these
reasons, a common maintenance operation for a refrigeration systexﬁ is to recharge the
refrigerant within the refrigeration system.

[0003] The recharging operation typically involves flushing the refrigeration system
of any remaining refrigerant and, if present, other materials within the refrigeration system.
Once the refrigeration system is flushed, a predetermined amount of new refrigérant is
introduced into the .refrigeration system. An important component of conventional
refrigeration charging systems is the device that measures. the amount of refrigerant
introduced into the refrigeration system. Since the refrigeration system is designed to operate
with a specific amount of refrigerant, too little or too much refrigerant can reduce the
effectiveness of the recharging operation.

[0004] One conventional device used to measure the amount of refrigerant introduced
into the refrigeration system is a load cell (or scale). Essentially, the load cell measures the
weight of a tank containing the refrigerant before the reﬁigerant is introduced into the
refrigeration system and then afterwards. The difference between the two readings is the
amount.of refrigerant introduced into the refrigeration system. There are, however, certain

problems that are associated with the use of a load cell in conventional recharging systems.
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Load cells are sensitive to vibration, which can throw off the measurements. Also, since the
load cell determines the weight of the entire tank used to supply the refrigerant, which can
weigh several hundred p_ounds or more, sensitivity of the load cell is reduced.

[0005] The rechérging of refrigeration systems has been complicated by the chahges
in refrigeration systems and refrigerants used in the refrigeration systems. Recently, the
refrigerant in automobile air conditioning systems has been switched from
chlorofluorocarbon 12 (CFC-12) to hydrofluorocarbon 134a (HFC-134a) for the purpose of
ozone layer protection. However, HFC—134a is considered to be a contributor to global
warming, and new types of refrigerant are being considered, of which carbon dioxide (CO»)
is one. Compared to HFC-134a, carbon dioxide only has about 1/1300 the global warming
potential. However, the use of carbon dioxide presents issues not seen with conventional
refrigeration systems. For example, carbon dioxide has an operation pressure that is 7 to 10
times higher than that of HFC-134a. The resulting increase in pressure necessitates thicker
walls for the equipment handling the carbon dioxide, such as the storage tank for the
refrigeration recharging system. These thicker walls add additional weight to the tank, which
further exacerbates the previously discussed problems, such as the sensitivity of the load cell.
[0006] Another conventional device used to measure the amount of refrigerant
introduced into the refrigeration system employs mass flow technology. As recognized by
those skilled in the art, mass flow technology implements a sensor that measures the flow
rate of fluid (i.e., the refrigerant) flowing past a certain point. However, use of mass flow
technology is very expensive, and the expense is even greater when an increased sensitivity
for calculating the amount of refrigerant delivered is desired. The accuracy of mass flow
technology is dependent on the fluid state since the mass flow sensor does not measure gas as
well as liquid. Although most refrigerants are in a liqﬁid form during the recharging
operation, carbon dioxide is in a gaseous state during a recharging operation. Also, mass
flow technology does not work well with two-phase fluids. Thus, when carbon dioxide, or
another gaseous refrigerant, is used, the sensitivity of the mass flow technology is reduced.
There is, therefore, a need for a refrigerant charging system and method that is more accurate
and vibration-resistant, and less expensive than conventional refrigeration charging systems,

particularly when the refrigerant is a gaseous refrigerant such as carbon dioxide.
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SUMMARY OF THE DISCLOSURE

[0007] Described is a system and method for charging a refrigeration system with a
vapor-phase refrigerant. The charging system includes a refrigerant source, an input line, a
sensor and a control valve. The input line connects the refrigerant source to the refrigeration
system. The control valve regulates the flow and pressure of the refrigerant being introduced
into the refrigeration system, and the pressure sensor measures the pressure of the refrigerant
entering the refrigeration system. Once the pressure of the refrigerant reaches a
predetermined pressure, the refrigeration system is fully charged, and the transfer of
refrigerant to the refrigeration system is stopped. The refrigerant may be a gaseous, such as
carbon dioxide.

[0008] Additional advantages will become readily apparént :to those skilled in the art
from the following detailed description, wherein only an exemplary embodiment of the
present invention is shown and described, simply by way of illustration of the best mode
contemplated for carrying out the present invention. As will be realized, the disclosure is
capable of other and different embodiments, and its several details are capable of
modifications in various obvious respects, all without departing from the invention.
Accordingly, the drawings and description are to be regarded as illustrative in nature, and not

as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figure 1 is a schematic view of a refrigerant charging system, according to the
disclosure; and

[0010] Figure 2 is a flow chart of a method of charging a refrigeration system,

according to the disclosure.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0011] An example of a refrigerant charging system 10 is illustrated in Fig. 1, The
refrigerént charging system includes a refrigerant source 12, an input line 16, a sensor 19 and
a control valve 14 for controlling the flow of refrigerant from the refrigerant source 12
through the input line 16. The input line 16 fluidly connects the refrigerant source 12 to a

refrigeration system of the vehicle 32. The input line 16 may also include an exit control
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valve 20 for controlling the flow and pressure of refrigerant from the input line 16 to the
refrigeration system of the vehicle 32. The refrigerant charging system 10 may include a
pressure regulator 18 that is used in place of the control valve 20 to control the flow of
refrigerant to the refrigeration system. Alternatively, the pressure regulator 18 may be used
in addition to the exit control valve 20.

[0012] The refrigerant source 12 is not limited as to a particular type of source for
providing refrigerant. However, in a current aspect of the refrigerant charging system 10, the
refrigerant source 12 is a constant-volume tank.

[0013] The sensor 19 measures the pressure and/or temperature of the refrigerant
being introduced into the refrigeration system, and the sensor 19 is not limited to a particular
location. For example, the sensor may be located along the line 16 anywhere between the
pressure regulator 18 and the refrigeratién system. Alternatively, as illustrated in Fig. 1, the
sensor 19 may be directly connected to the refrigeration system. The use of a sensor 19 to
measure pressure and/or temperature of a fluid within the refrigeration system, and the
refrigerant charging system 10 is not limited as to any particular type or configuration of
temperature and/or pressure sensor 19. The sensor 19 may also be configured to adjust a
measured valﬁe of the pressure of the refrigerant based upon a measured temperature of the
refrigerant. For example, if the measured temperature of the refrigerant varies from a preset
baseline temperature, the sensor 19 may adjust the measured pressure upwards or downwards
to indicate the pressure the refrigerant would be at if the refrigerant was measured at the
baseline temperature.

[0014] Many different types of pressure regulators 18 exist that are capable of
regulating the pressure of a vapor-phase refrigerant, and the refrigerant charging system 10 is
not limited to any particular type of pressure regulator 18 so capable. A common pressure
regulator 18 includes a pressure adjustor 26 and a low-pressure-side gauge 24 that
respectively adjusts and monitors the pressure of the refrigerant leaving the pressure
regulator 18. The pressure regulator 18 may also include a high-pressure-side gauge 22 that
indicates the pressure of the refrigerént entering the high-pressure-side of the pressure
regulator, which in this case is the pressure of the refrigerant in the refrigerant source 12.
The pressure regulator 18 may include a safety-valve 30 that activates when pressure on the

low-pressure-side of the pressure regulator 18 exceeds a certain predetermined pressure.
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-[0015] | The refrigerant charging system 10 can optionally include a controller 28
connected to the sensor ‘19, the pressure regulator 18 and/or the control valves 14, 20.
Although the control valves 14, 20 and pressure regulator 18 can be operated manually, the
controller 28 may be used to automatically control the operation of these devices.
Additionally, information from the sensor 19 can be sent to the controller 28, either
automatically or manually, and the controller 28 may use this information during the control
of the control valves 14, 20 and the pressure regulator 18.

[0016] In an aspect of the refrigerant charging system 10, the refrigerant to be
introduced into the refrigeration system of the vehicle 32 is in a vapor-phase during the
recharging operation. An example of such a refrigerant is carbon dioxide. The pressure
regulator 18 acts to maintain the pressure downstream of the pressure regulator 18 to be no
greater than a particular predetermined pressure, which is based upon a pressure of
refrigerant in the refrigeration system needed to completely charge the refrigeration system.
Instead of determining when a refrigeration sysfem has been charged based upon the amount
of refrigerant by weight/mass introduced into the refrigeration system, as was done with prior
charging systems, the present refrigeration charging system 10 charges the refrigeration
system based upon the pressure of the refrigerant in the refrigeration system.

[0017] Since prior charging systems are used for liquid-phase refrigerants, a pressure
regulator was not used in these systems to determine the amount of refrigerant charged into
the refrigeration system because the pressure regulator would not be capable of reliably
determining the correct amount of refrigerant. At a given température, a liquid refrigerant
has a particular vapor pressure. Once the vapor pressure has been met, no matter how much
additional refrigerant is added, as long as the temperature rémains constant, the measured
pressure (i.e., the vapor pressure) also remains constant. Therefore, the pressure of the
refrigerant is not used in calculating the amount of liquid refrigerant added because at a
certain point, the measured pressure remains the same even while refrigerant is being added.
In contrast, a refrigerant, such as carbon dioxide, remains gaseous at operational .
temperature/pressure combinations; and thus, the addition of refrigerant will increase the
pressure of the refrigerant. ,

[0018] The operations of the refrigefant charging system 10 are schematically
illustrated in the flow chart of Fig. 2. In an initial step 110, a required pressure of refrigerant
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to be charged into the refrigeration system of the vehicle 32 is predetermihed. Many
techniques of predetermining the pressure of refrigerant to be introduced into a refrigeration
system are well known in the art, and the present methodology of charging a refrigeration
system is not limited to ahy particular technique. For example, after flushing the
refrigeration system of any remaining refrigerant, which may involve‘ discharging any
remaining refrigerant and pulling a vacuum within the refrigeration system, the pressure of
the new refrigerant within the refrigeration system can be predefined for different
temperatures by the manufacturer of the refrigeration system. The predetermined pfessure fs
later used for comparing with a measured pressure of the refrigerant. Depending upon where
the pressure of the refrigerant is measured, the predetermined pressure may vary from the
pressure of the refrigerant in the refrigeration system defined by the manufacturer of the
refrigeration system.

[0019] In step 120, refrigerant is transferred from the refrigerant source 12 to the
refrigeration system of the vehicle 32, and the transfer of this refrigerant may be regulated
using a pressure regulator 18 or the exit control valve 14. For example, the pressure
régulator 18 reduces the pressure of the refrigerant exiting the refrigerant source 12 to a
pressﬁre compatible with the predetermined pressure. Alternatively, the operation of the exit
control valve 14 can be used to stop or allow flow of refrigerant into the refrigeration system.

[0020] After the flow of refrigerant into the refrigeration system has been initiated
and regulated, in step 130, the pressure of the refrigerant is measured using a sensor 19,
located, for example, between and including the refrigeration system and the pressure
regulator 18 or exit control valve 14. In step 140, this measured pressure (adjusted for
temperature) is compared to the predetermined pressure. When the measured pressure ‘ec'luals
or exceeds the predetermined pressure, the flow of fefrigerant from the refrigerant source 12
to the refrigeration system is stopped.

[0021] Through use of the present refrigerant charging system, refrigerant can be
charged into a refrigeration system with comparable or improved accuracy than prior
technology used for the same purpose. Also, since the present refrigerant charging system
can function without mass flow technology, the present refrigerant charging system is less
expensive than those systems that employ mass flow technology and has increased accuracy,

such as with vapor-phase refrigerants (e.g., carbon dioxide). Furthermore, since the present
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refrigerant charging system does not employ a load cell, the system is less sensitive to
vibration, which has been a source of inaccuracy with prior systems that employ a load cell.
[0022] \ The disclosed concepts may be practiced by employing conventional
methodology and equipment. Accordingly, the details of such equipment and methodology
are not set forth herein in detail. In the previous descriptions, numerous specific details are
set forth, such as specific formulas, processes, techniques, etc., in order to provide a thorough
understanding of the present invention. However, it should be recognized that the present
invention may be practiced without resorting to the details specifically set forth.

[0023] Only an exemplafy aspect of the present disclosure and but a few examples of
its versatility are shown and described. It is to be understood that the present invention is
capable of use in various other combinations and environments and is capable of changes or

modifications within the scope of the inventive concept as expressed herein.
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What is claimed is:

1. A refrigeration charging system for charging a refrigeration system of a vehicle
with a vapor-phase refrigerant, comprising:

a refrigerant source for storing the refrigerant;

an input line connected to the refrigerant source and configured to be connected to the

refrigeration system;

a sensor for detecting a pressure of the vapor-phase refrigerant being introduced into
the refrigeration system from the input line; and

a control valve between the refrigerant source and the refrigeration system.

2. The refrigeration system according to claim 1, further comprising a controller
connected to the control valve, wherein during a refrigeration charging operation, the
controller is configured to close the control valve upon a pressure of the refrigerant in the

refrigeration system reaching a predetermined pressure.

3. The refrigeration charging system according to claim 1, wherein the vapor-phase

refrigerant is carbon dioxide.

4. The refrigeration charging system according to claim 1, wherein the control valve
includes a pressure regulator for regulating the pressure of the vapor-phase refrigerant being

introduced into the refrigeration system.

5. The refrigeration charging system according to claim 4, further comprising a

controller connected to the sensor and the pressure regulator.

6. A refrigeration charging system for charging a refrigeration system of a vehicle
with vapor-phase carbon dioxide, comprising:
a refrigerant source for storing the vapor-phase carbon dioxide;

an input line connected to the refrigerant source and configured to be connected to the

refrigeration system;
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a sensor for detecting a pressure of the vapor-phase refrigerant being introduced info
thé refrigeration system from the input line; .

a control valve between the refrigerant source and the pressure regulator; and

a controller connected to the control valve, wherein during a refrigeration charging
operation, the controller is configured to close the control valve upon a pressure of the

refrigerant in the refrigeration system reaching a predetermined pressure.

7. A method of charging a refrigeration system with a vapor-phase refrigerant,
comprising the steps of:

predetermining a pressure of the vapor-phase refrigerant based upon the refrigeration
system being fully charged,

transferring vapor-phase refrigerant from a refrigerant source through an input line to
the refrigeration system; '

measuring a pressure of the vapor-phase refrigerant; and

stopping the transfer of vapor-phase refrigerant to the refrigeration system when the

measured pressure of the vapbr-phase refrigerant equals or exceeds the predetermined

pressure.

8. The method according to claim 7, wherein the vapor-phase refrigerant is carbon

dioxide.
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