Detection of CO2 Leakage in a Container Techni cal
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particularly, to a method and apparatus for detecting
an excess |level of CO2 vapor in a container and
provi ding an indication thereof to an operator.
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[0004] One characteristic of carbon dioxide as a refrigerant is that it has low
critical temperature and therefore, most CO; refrigerant vapor compression systems
are designed for operation in the transcritical regime. This requires that they operate

at substantially higher pressure then when operating with conventional refrigerants,

and special compressors are designed for that purpose. In order to accommodate
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[0007] What is needed is a method and apparatus for determining when the
content of CO, has reached an undesirable higher level and providing notice thereof

so that an operator does not enter the container under those conditions.

Disclosure of the Invention
[0008] In accordance with one aspect of the invention, a CO, sensor is
provided in a refrigerated container for the purpose of determining when the CO,

concentration reaches a predetermined high threshold. An indication of this
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Detailed Description of the Invention

[0015] A typical refrigerant vapor compression system using CO; as a
refrigerant is shown generally at 10 in Fig. 1 to include a compressor 11, a heat
rejecting heat exchanger 12, an expansion device 13, and a heat absorbing heat
exchanger 14, all connected in serial flow relationship in a closed loop refrigeration
cycle. The vapor compression system 10 may also include a filter/drier 16 and a
flash tank receiver 17 connected in serial flow relationship between the heat
rejecting heat exchanger 12 and the expansion device 13.

[0016] The compressor 11 functions to compress and circulate the CO,
refrigerant through the refrigerant circuit, and may be a single multi-stage
compressor having at least a first lower pressure compression stage and a second
higher pressure compression stage, such as for example, a scroll compressor or a
reciprocating compressor. It may also comprise a pair of compressors such as, for

example, a pair of reciprocating or scroll compressors having a refrigerant line
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filter/drier 16 and a flash tank receiver 17 connected

in serial flowrelationship between the heat rejecting

heat exchanger 12 and the expansi on device 13. [0016]
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dev1ce 13 passes in heat exchange relationship with the heated fluid, whereby the

refrigerant is vaporized and typically superheated. The heating fluid passed in heat
exchange relationship with the refrigerant in the evaporator 14 may be air passed
through the evaporator 14 by means of a fan 19 operatively associated with the
evaporator 14, to be cooled and commonly also dehumidified and then supplied to
the climate controlled environment 21 containing a perishable cargo such as, for
example, refrigerated or frozen food items.

[0019] The flash tank receiver 17 typically operates with both liquid
refrigerant and vapor refrigerant disposed therein. That is, a liquid refrigerant from

the condenser 12 enters the flash tank receiver 17 and settles to the bottom of the
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aSreleased to the atmosphere, as would occur if it flowed from the left side of the
refrigeration system 24 in Fig. 2, or to the climate controlled environment 21, if it
were to flow to the right side of the refrigeration system 24. If it flows to the
atmosphere, the adverse effects are minimal except for possible need to replenish the
lost refrigerant. However, if the flow of CO, vapor is into the climate controlled
environment 21 it may create an unsafe condition for the entry of a person within the
container 22 since infusion of the CO; will necessarily deplete the associated
concentration of oxygen in the space. This is particularly true as the amount of

cargo in the space is increased.
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t he amaoENé-dRftalsioaceet TH Withuhk edprédsbiative@ak@dl signal being sent
along line 30 to a controller 31. The controller 31 then sends a signal along line 32
to a display console 33 which, in turn, sends a signal along line 34 to generate a
representative visual display at 35 so as to thereby alert an outside person of a
potential hazardous atmosphere inside the container 22.
[0026] Shown in Fig. 5 is a logic flow diagram to indicate the manner in
which the controller 32 operates to provide an appropriate display at the display
console 33. In block 30, the controller 32 reads the CO, sensor 27 every second
while the unit is under power. A representative signal is then sent to a comparator

36 and compared with a predetermined threshold, such as 3%, for example. So long
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cargo container 22 is above a predetermnmi ned |evel,
such as three percent, for exanple, as indicated at
bl ock 38, then a signal will be sent to the display
coneqhgin33 and an appropriate "H gh CO2" visual
di splay will be shown at 35 to indicate to an operator
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conpressor for conpressing CO2 vapor as a refrigerant,

a heat rejecting heat exchanger, an expansion device
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sensing the concentration of CO; in the container and generating a
representative signal thereof;
providing a controller for receiving said representative signal and for
providing an appropriate display signal in response thereto; and

a display console for receiving said display signal and generating an

appropriate visual display thereof.

4. A method as set forth in claim 3 wherein said display indicates that
either a hazardous condition is present in the container or that no hazardous

condition is present in the container.



a CO2 sensor |ocated within said flow of air for
sensi ng when a |level of CO2 concentration therein
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generating a signal representative thereof; and a
control for receiving said representative signal and
responsi vely generating a visual display of the sensed
condi tin. A mAnsEisbAdBFREdai G0 RIIRNGEi Sy b ﬁ? 8cohfphring
forth in claim1l wherein said CO2 sensor is |§Posed
wi 1} isPs etV fignad with apreggtstnained resholdrand yith gte display
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CO2 in the container and generating a representative
si tyrealold hen thefrangpoblfodnth§%a control l er for receiving
said representative signal and for providing an
appropriate display signal in response thereto; and a
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generating an appropriate visual display thereof. 4. A
method as set forth in claim3 wherein said display
indicates that either a hazardous condition is present
in the container or that no hazardous condition is
present in the container.5 A nmethod as set forth in
claim 3 and including the step of conparing said
representative signal with a predeterm ned threshol d,
and with the display providing an indication of
whet her that threshold has been exceeded. 6. A nethod
as set forth in claim5 wherein said predetermned
threshold is in the range of 1% and 8% 7. A nethod as
set forth in claim6 wherein said threshold is about
3%



