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DESCRIPTION

BACKGROUND

[0001] The disclosure relates to a scrubber apparatus for a refrigerated transport container
and a method of operating a refrigerated transport container.

[0002] Refrigerated transport containers are used to transport cargo within a refrigerated
atmosphere Inside the container. Such cargo may typically comprise foodstuffs, particularly
fresh produce such as fruit and vegetables. It is known to prolong the shelf life of fresh produce
by refrigeration. It has also been proposed that the shelf life of some commodities may be
extended by storing fresh produce in an environment with a modified (relative ambient air) or
controlled quantity of component gases, for example a relatively low concentration of carbon
dioxide. Fresh produce In storage tends to consume oxygen and produce carbon dioxide as a
waste product, such that without ventilation, a concentration of carbon dioxide would increase
and a concentration of oxygen would be reduced.

[0003] It has been proposed to provide a carbon dioxide scrubber such as a regenerating
adsorbent bed of active charcoal to remove excess carbon dioxide from the atmosphere inside
the container.

[0004] WO2013/012622 describes a regenerative scrubber system for removing a selected
gas from an atmosphere within a closed environment. The scrubber system includes a first
scrubber, a second scrubber, a first flow diversion device and a second flow diversion device.

SUMMARY

[0005] The invention is defined In the attached independent claims to which reference should
now be made. Further, optional features may be found in the sub-claims appended thereto.

[0006] According to a first aspect there Is provided a scrubber apparatus for a refrigerated
transport container having a cargo space, the scrubber apparatus comprising: a regenerating
adsorber configured to permit flow therethrough for adsorption or desorption of a controlled
gas; a manifold in fluid communication with a first side of the adsorber, comprising: an interior
gas port for fluid communication with interior gas in the cargo space; and an exterior gas port
for fluld communication with exterior gas outside of the cargo space; an adsorption control
damper at the Interior gas port for controlling selective fluild communication between the
adsorber and interior gas; and a regeneration control damper at the exterior gas port for
controlling selective fluid communication between the adsorber and exterior gas; and a
common actuator configured to actuate both the adsorption control damper and the
regeneration control damper to move between an adsorption configuration, in which the
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adsorption control damper i1s open to permit an interior gas flow through the adsorber and the
regeneration control damper Is closed, and a regeneration configuration, In which the
regeneration control damper is open to permit an exterior gas flow through the adsorber and
the adsorption control damper is closed.

[0007] A controlled gas may be a component gas of interior gas, for example carbon dioxide or
ethylene, or any other component gas which may be removed by a suitable scrubber
apparatus. Each one of the adsorption control damper and the regeneration control damper
may be biased to a respective bias position which is either an open position or a closed

position of the respective damper.

[0008] The common actuator may comprise a rotatable common actuation element configured
to rotate in a first direction to move the adsorption control damper away from its bias position
and to rotate in an opposing second direction to move the regeneration control damper away
from its bias position.

[0009] The bias position of each damper may be a closed position of the respective damper,
and the common actuation element may be configured to move in the first direction to open the
adsorption control damper and to move In the second direction to open the regeneration
control damper. Alternatively, the bias position may be an open position and the common
actuation element may be configured to move In the first direction to close the adsorption
control damper and to move In the second direction to close the regeneration control damper.

[0010] The manifold and the adsorber may be provided in a housing. The air dampers may be
provided within the housing.

[0011] The apparatus may comprise an air mover between the manifold and the adsorber (and
which may be upstream or downstream of the adsorber). The air mover may be within the
housing. Alternatively, the air mover may be provided within a duct outside the housing and
coupled to the housing so as to be supported on the housing.

[0012] The housing may have a layered structure such that the adsorber is provided In an
adsorber layer and the manifold is provided In air control layer superposed on the adsorber
layer for switching between the adsorption configuration and the regeneration configuration.

[0013] The apparatus may further comprise a heater disposed upstream of the adsorber and
downstream of the manifold. In examples where the manifold and adsorber are provided within
a housing, the heater may be disposed within the housing. Alternatively the heater may be
provided within a duct outside the housing and coupled to the housing so as to be supported
on the housing.

[0014] The apparatus may further comprise a heater controller. The heater controller may be
configured to heat interior gas upstream of the adsorber in the adsorption configuration.
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[0015] The heater controller may be configured to operate the heater in a first mode to heat
Interior gas when the apparatus is in the adsorption configuration, and to operate the heater In
a different second mode to heat exterior gas when the apparatus 1s In the regeneration
configuration.

[0016] The heater controller may be configured to control the heater to raise the temperature
of the Iinterior gas by a threshold increase. In other words, the controller may be configured to
operate the heater (i.e. In a first mode) to maintain a substantially constant power or heat input
of the heater despite variations in the temperature of the interior gas upstream of the heater. In
examples where the flow rate of Interior gas Is variable, the heater controller may be
configured to operate the heater to maintain a substantially constant heat input to the interior
gas per unit flow (e.g. per unit mass or volume). Accordingly, the heater power may be varied
In the first mode dependent on a parameter indicative of flow rate, for example as a function of
an operating parameter of an air mover which drives the interior gas flow through the scrubber
apparatus, or as a function of an output of a flow meter configured to monitor the interior gas
flow.

[0017] By raising the temperature of the interior gas, the relative humidity of the interior gas
may be reduced, which may Inhibit condensation of the interior gas as it flows through the
adsorber. For example, Interior gas received from the cargo space at a temperature of
between 0°C-20°C may be heated so as to rise in temperature by between 2°C-10°C. By way
of example, such heating may reduce relative humidity of air as interior gas significantly, for
example from 90% to 60%. Condensation of gas In the adsorber may inhibit performance of
the adsorber. Such an effect may be achieved without monitoring of the temperature of the
Interior gas to achieve a particular temperature increase or absolute temperature. For
example, the application of a constant heat input (I.e. a constant rate of heating) to the interior
gas would cause the temperature of the interior gas to rise.

[0018] In other examples, the heater controller may be configured to operate the heater (i.e. In
a first mode) to vary heat input to the interior gas flow based on monitoring a temperature of
the Interior gas. A temperature upstream of the heater or downstream of the heater may be
monitored. The scrubber apparatus may comprise a temperature sensor to monitor a
temperature of exterior gas upstream or downstream of the heater. The heater controller may
be configured to operate the heater based on an output of the temperature sensor. Such
monitoring may be done to control the heater to heat the interior or exterior gas by a threshold
temperature rise.

[0019] In further examples, the heater controller may be configured to heat the Interior gas
(l.e. In a first mode) and/or exterior gas (1.e. In a second mode) In respective configurations of
the scrubber apparatus to a respective threshold temperature (i.e. to an absolute temperature,
rather than to raise the temperature by a threshold amount). The heater controller may be
configured to heat the exterior gas flow and/or the interior gas flow in respective configurations
to a respective target downstream temperature for supply to the adsorber. In other words, the
controller may be configured to control the power of the heater in either of the first or second
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modes, to compensate for variations in the temperature of the respective gas upstream of the
heater. Such control may be based on monitoring the temperature of the gas upstream of the
heater, or may be based on monitoring the temperature of the heated gas (i.e. downstream of
the heater) using a feedback loop.

[0020] By way of example, the heater controller may be configured to operate the heater in a
first mode to heat interior gas having an upstream temperature in a first temperature range to
a target downstream temperature, and to heat interior gas having an upstream temperature In
a second temperature range by a constant heat input or to raise the temperature by a
threshold Iincrease (l.e. by a constant amount). For example the heater controller may be
configured to heat interior gas which is below a minimum threshold (such as -5°C or 0°C) to a
higher minimum temperature, such as 0°C or 5°C. The heater controller may be configured to
cause a constant temperature increase (for example 2°C, or 5°C, or 10°C) or to provide a
corresponding constant heat input to interior gas which is within a control temperature range.
For example, interior gas which i1s within a control range of between -5°C to 20°C upstream of
the heater may be heated by a constant heat input or to cause a constant temperature
Increase. A lower temperature boundary of the control range may correspond to a minimum
threshold as described above. The controller may be configured to apply a relatively lower
constant heat input or no heat input to interior gas having an upstream temperature above a
maximum threshold upstream of the heater, for example 20°C.

[0021] In some examples, the heater controller may operate the heater in a second mode to
heat exterior gas to a threshold desorption temperature corresponding to operation of the

adsorber to desorb a controlled gas previously adsorbed to the exterior gas. For example, the
heater controller may control the heater to cause the exterior gas to be heated to an elevated
temperature relative operation of the heater in the adsorption configuration. For example the
heater controller may control the heater to heat the exterior gas to an elevated temperature of
at least 40°C, at least 50°C, at least 60°C, at least 70°C, at least 80° or higher In the

regeneration configuration.

[0022] The scrubber apparatus may be configured for unidirectional flow through the adsorber
(Le. flow In the same direction In both the adsorption configuration and the regeneration
configuration), or bidirectional flow through the adsorber (i.e. flow In one direction In the
adsorption configuration and in an opposing direction in the regeneration configuration). VWhen
the apparatus i1s configured for unidirectional flow, the interior gas port and the exterior gas
port are either both configured to provide flow to the adsorber, or both configured to receive
flow from the adsorber. When the apparatus is configured for bidirectional flow, the interior gas
port and the exterior gas port at the manifold may be configured to convey respective flows In
different directions through the adsorber (i.e. one may provide flow to the adsorber and one
may receive flow from the adsorber).

[0023] The manifold may be one of two such manifolds at opposing sides of the adsorber.

[0024] A first one of the manifolds may be an Iinlet manifold, and the respective interior gas
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port may be configured to provide an interior gas flow from the cargo space to the manifold,
and the respective exterior gas port may be configured to provide an exterior gas flow from
outside the cargo space to the manifold. A second one of the manifolds may be an outlet
manifold, and the respective interior gas port may be configured to discharge an interior gas
flow from the manifold (i.e. downstream of the adsorber) to the cargo space, and the
respective exterior gas port may be configured to discharge an exterior gas flow from the
manifold outside of the cargo space.

[0025] In examples where the scrubber apparatus comprises a heater, the heater may be
disposed downstream of the inlet manifold and upstream of the adsorber.

[0026] The common actuator may be configured to actuate the adsorption control dampers
and the regeneration control dampers at each manifold to move between the adsorption
configuration and the regeneration configuration.

[0027] There may be a mechanical linkage between actuation elements at each manifold, or
between each actuation element and a common drive, such that the actuation elements move
IN unison.

[0028] According to a second aspect there Is provided a scrubber apparatus for a refrigerated
transport container having a cargo space, the scrubber apparatus comprising: a regenerating
adsorber configured to permit flow therethrough for adsorption or desorption of a controlled
gas; an air damper module configured to switch the apparatus between an adsorption
configuration In which the adsorber I1s to receive Interior gas from the cargo space and
discharge treated interior gas to the cargo space; and a regeneration configuration in which
the adsorber Is to recelve exterior gas from outside of the cargo space and discharge enriched
exterior gas (I.e. enriched by desorption of a previously-adsorbed controlled gas to the exterior
gas); a heater configured to heat gas provided to the adsorber; and a heater controller
configured to operate the heater to heat interior gas provided to the adsorber when the air
damper module is In the adsorption configuration. The term "treated” in this context is intended
to indicate that the interior gas has passed through the adsorber so that the controlled gas at
least partly adsorbed from it, such that it has been treated. The term "enriched" in this context
IS Intended to Indicate that the exterior gas has passed through the adsorber where the
controlled gas i1s at least partly desorbed to the exterior gas, such that the exterior gas is
enriched with the controlled gas as compared to exterior gas as received In the scrubber
apparatus.

[0029] The heater controller may be configured to operate the heater in a first mode to heat
Interior gas when the apparatus is in the adsorption configuration, and to operate the heater In
a second mode to heat exterior gas when the apparatus is in the regeneration configuration.

[0030] The heater controller may have any of the features of configuration or operation as
described above with respect to the first aspect.
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[0031] The apparatus according to the second aspect may have any features described with
respect to other aspects herein.

[0032] According to a third aspect there 1s provided a refrigerated transport container or a
refrigeration system for a refrigerated transport container, comprising: an evaporator heat
exchanger for receiving a return flow of interior gas from a cargo space for cooling; and a
scrubber apparatus In accordance with the first or second aspect; wherein the scrubber
apparatus 1s configured to receive a portion of a return flow of interior gas for removal of a
controlled gas from upstream of the evaporator heat exchanger with respect to the direction of
return flow, and Is configured to discharge treated interior gas having passed through the
adsorber at a position downstream of the evaporator.

[0033] According to a fourth aspect there Is provided a method of operating a scrubber
apparatus in accordance with the first aspect (or of operating a refrigeration module or
refrigerated transport container comprising a scrubber apparatus in accordance with the first
aspect), the method comprising operating the common actuator to move both the adsorption
control damper and the regeneration control damper between the adsorption configuration and
the regeneration configuration.

[0034] The method may comprise operating the air mover Iin the adsorption configuration
and/or the regeneration configuration to cause a flow of interior or exterior gas respectively to
flow through the scrubber apparatus.

[0035] The method may comprise the heater controller operating the heater in a first mode to
heat Interior gas when the apparatus Is In the adsorption configuration. The method may
comprise the heater controller operating the heater in a second mode to heat exterior gas
when the apparatus i1s In the regeneration configuration.

[0036] The method may comprise, In response to determining that a level of a controlled gas
INn the cargo space Is at or above a maximum threshold: a controller causing the air dampers to
move to the adsorption configuration; and/or a controller activating the air mover to cause a
flow of interior gas to flow through the apparatus and the adsorber; and/or a heater controller
operating the heater in a first mode to heat interior gas.

[0037] The method may comprise, In response to determining that a level of a controlled gas
In the cargo space Is below a minimum threshold: a controller causing the air dampers to move
to a neutral configuration or the regeneration configuration. VWWhen the controller causes the air
dampers to move to the neutral configuration, the controller may deactivate the air mover;
and/or deactivate the heater.

[0038] The method may comprise, In response to determining a criteria for regeneration, a
controller causing the air dampers to move to the regeneration configuration; and/or a
controller activating the air mover to cause a flow of exterior gas to flow through the apparatus
and the adsorber; and/or a heater controller operating the heater in a second mode to heat
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exterior gas.

[0039] The method may comprise the scrubber apparatus, in the adsorption configuration,
receiving a flow of interior gas from the cargo space from return flow upstream of an
evaporator heat exchanger with respect to a direction of return flow, and discharging treated
Interior gas having passed through the adsorber at a position downstream of the evaporator.

[0040] According to a fifth aspect there Is provided a method of operating a scrubber
apparatus according to the second aspect (or of operating a refrigeration module or a
refrigerated transport container comprising a scrubber apparatus according to the second
aspect), the method comprising causing a flow of interior gas through the adsorber In the
adsorption configuration; and heating the interior gas provided to the adsorber.

[0041] The method may comprise the scrubber apparatus, in the adsorption configuration,
receiving a flow of interior gas from the cargo space from return flow upstream of an
evaporator heat exchanger with respect to a direction of return flow, and discharging treated
Interior gas having passed through the adsorber at a position downstream of the evaporator.

[0042] The method according to the fifth aspect may comprise any feature of operation or
control as described with respect to other aspects herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] The invention will now be described, by way of example only, with reference to the
accompanying drawings, in which:

Figure 1 Is a partial schematic cut-away side view of an example refrigerated transport
container including a scrubber apparatus;

Figure 2 1s a simplified cross-sectional view of an example scrubber apparatus in an adsorption
configuration

Figure 3 I1s a simplified cross-sectional view of the scrubber apparatus of Figure 2 In a
regeneration configuration

Figure 4 1s a simplified cross-sectional view of the scrubber apparatus of Figures 2 and 3 from
a different orientation showing a cross section through layers of the apparatus; and

Figure 5 Is a flow diagram of an example method of operating a scrubber apparatus.

DETAILED DESCRIPTION
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[0044] Figure 1 schematically shows a transport container 100 comprising external walls 102
which separate an internal atmosphere of interior gas from an external atmosphere of exterior
gas. By way of example, cargo 104 is provided in a cargo space 105 of the container, such as
a load of fresh fruit and vegetables. Figure 1 I1s a partial view showing a first end of the
container which comprises a refrigeration module 200. An end of the container and of the
cargo 104 away from the first end of the container i1s not shown for simplification of the
drawing, as Indicated by continuation lines 106.

[0045] The refrigeration module 200 is installed In the transport container to provide a
refrigerated transport container. The refrigeration module 200 is generally provided at one end
of the container adjacent a wall 102 of the transport container 100.

[0046] The refrigeration module 200 comprises a structural frame 202 which Is within the
container when installed in the container 100, and is open so as to permit a flow of return air
108 to be directed to components of the refrigeration module 200 as will be described below,
and to deliver a flow of supply air 110 to the cargo space.

[0047] The refrigeration module 200 comprises an external wall 204 which may serve as an
external wall of the transport container 100 separating the internal atmosphere of the container
from the external atmosphere.

[0048] The example refrigeration module 200 comprises a refrigeration circuit including an
evaporator 206 disposed on an inside of the external wall 204 and a condenser 208 disposed
outside of the external wall 204. The refrigeration circuit may Iinclude a compressor, an
expansion valve and flow lines connecting the components of the circuit as i1s known In the art
so that in use the evaporator i1s configured to transfer heat from interior gas to the circulating
refrigerant, and the condenser i1s configured to transfer heat from the refrigerant to exterior
gas.

[0049] In this example an evaporator fan 210 i1s provided to direct a flow of return air 108 over
the evaporator 206 to be cooled, and to then be directed to the cargo space as supply air 110.
In this particular example, the refrigeration module i1s configured so that the return air flows
downward through the refrigeration module, and the evaporator fan 210 is disposed upstream
and therefore generally above the evaporator 206. However, in other examples the evaporator
fan 210 may be disposed upstream or downstream relative the evaporator, and the particular
orientation and direction of the flow therethrough may be different.

[0050] The refrigeration module further comprises a scrubber apparatus 300, a gas sensor
224 for monitoring a parameter relating to the composition of interior gas, and a controller 226.
As shown In Figure 1, In this example the controller 226 is disposed outside of the external wall
204 of the refrigeration module, whereas the scrubber apparatus 300 and the gas sensor 224
are disposed inside of the external wall 204.

[0051] In this particular example, the scrubber apparatus 300 and the gas sensor 224 are
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disposed between the evaporator fan 210 and the evaporator 206 so that the evaporator fan
210 1s configured to direct a flow of return air 108 towards the scrubber apparatus and past the
sensor 224. However, other relative positions may be adopted in other examples, and a flow of
return air may be conveyed through the scrubber apparatus by an integrated air mover of the
apparatus 300 or an air mover upstream or downstream of the apparatus.

[0052] As shown In Figure 1, the refrigeration module 200 further comprises a fresh air vent
212 which i1s configured to selectively open and close to permit a flow of fresh air into the cargo
space 105 as i1s known In the art.

[0053] Figures 2 and 3 schematically show the scrubber apparatus 300 in a cross-sectional
view through inlet and outlet manifolds of the apparatus, Iin isolation from the refrigerated
transport container of Figure 1. The cross-sectional view of Figures 2 and 3 may be
considered a frontal view of the apparatus. In Figure 2 the apparatus 300 is in an adsorption
configuration in which a flow of interior gas from the cargo space Is conveyed through an
adsorber for adsorption of a controlled gas from the interior gas, whereas in Figure 3 the
apparatus 300 is In a regeneration configuration in which a flow of exterior gas from outside
the cargo space (e.g. ambient air) i1s conveyed through the adsorber for desorption of the
controlled gas to the exterior gas to regenerate the adsorber, both of which are described In
further detail below. Figures 2 and 3 show the controller 226, which may be considered at least
functionally part of the scrubber apparatus. In some examples, the controller 226, or a further
controller implementing at least the functions of control of the apparatus 300 described below,
may be integrally provided with the scrubber apparatus.

[0054] Figure 4 schematically shows the scrubber apparatus 300 of Figures 2-3 In a different
cross-sectional view which may be considered a top view of the apparatus. As shown In Figure
4. In this example the apparatus 300 Is generally configured in a layered structure such that
the adsorber 302 is provided in an adsorber layer 304, and inlet and outlet manifolds 306, 308
for the adsorber 302 are provided in an air control layer 310 superposed on the adsorber layer
304. The manifolds 306, 308 and the adsorber are provided in a common housing 312, which
may serve to at least partly define walls of air conveying structures such as the manifolds 306,
308 so as to provide a compact configuration.

[0055] Referring again to Figure 2, in this example the scrubber apparatus comprises an inlet
manifold 306 and an outlet manifold 308 provided on right and left sides of the air control layer
respectively (as shown In Figure 2) within the housing 312. In this example, each of the
manifolds 306, 308 iIs partly defined by walls of the housing 312 and a partition wall between
the manifolds. The inlet manifold 306 comprises a common chamber defined between rear and
front walls of the air control layer, the partition between the manifolds, an upper wall of the
housing 312 and a port wall which defines two openings provided with respective air dampers
314, 316 for selectively closing the openings. The inlet manifold 306 comprises an inlet interior
gas port 318 extending into the housing from a side of the housing and terminating at the port
wall and a respective one of the air dampers, In particular at an inlet adsorption control damper
314 which is openable and closeable to respectively permit and prevent an inlet flow of interior
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gas to the manifold from the cargo space. The inlet interior gas port 318 is configured to
receive a flow of interior gas from the cargo space for removal of a controlled gas at the
adsorber from the interior gas. The inlet manifold 306 further comprises an inlet exterior gas
port 320 extending into the housing 312 from a side of the housing and terminating at the port
wall and a respective one of the air dampers, In particular at an inlet regenerating control
damper 316 which 1s openable and closeable to respectively permit and prevent an inlet flow of
exterior gas to the manifold through the inlet exterior gas port from outside the cargo space.
The inlet exterior gas port 320 is configured to receive a flow of exterior gas (e.g. ambient air)
from outside the cargo space for desorption of the controlled gas from the adsorber.

[0056] The common chamber of the Inlet manifold 306 Is In fluld communication with the
adsorber to provide flow to the adsorber, and the term "common” is used in this context to
Indicate that the same chamber is configured to convey flow between the adsorber and each
one of the respective Interior and exterior gas ports. In this particular example, the inlet
manifold 306 iIs In fluid communication with the adsorber via an air mover 322 and a heater
duct comprising a heater 324. The air mover 322 i1s shown In dashed lines in Figure 2 as in this
example it is located forward of the cross-sectional plane of the drawing. The pathway from the
Inlet manifold to the adsorber 302 1s best shown by Figure 2 in combination with Figure 4,
which shows a pathway from the inlet manifold 306 through the air mover 322 (disposed
forward of the manifold 306) which extends laterally along a heater inlet duct 325 to a heater
324 disposed in a duct mounted on a side of the housing. A further duct conveys gas from the
heater 324 to the adsorber 302 in the adsorber layer 304 of the apparatus 300.

[0057] Referring again to Figure 2, the outlet manifold 308 1s similarly arranged relative the
Inlet manifold 306. It comprises a common chamber between rear and front walls of the air
control layer; a curved guide wall of an outlet exterior gas port (as will be described below)
which Is spaced apart from the partition wall between the manifolds and the upper wall of the
housing; and a port wall which defines two openings provided with respective air dampers 334,
336 for selectively closing the openings. The outlet manifold 308 comprises an outlet interior
gas port 338 extending into the housing. In this example, the outlet interior gas port 338
extends into the housing along a circuitous path. In particular, there i1s an outlet discharge duct
339 extending from a lower wall of the housing for discharging treated interior gas (as will be
described below). The outlet interior gas port 338 extends into the housing from the lower wall
and around a scroll-like or C-shaped pathway between the curved guide wall and the partition
between the manifolds, and between the guide wall and the upper wall of the housing. The
outlet interior gas port 338 terminates at the port wall and a respective one of the air dampers,
In particular at an outlet adsorption control damper 334 which iIs openable and closeable to
respectively permit and prevent an outlet flow of treated interior gas from the manifold to the
cargo space via the outlet interior gas port and the outlet discharge duct 339. The outlet
manifold 308 further comprises an outlet exterior gas port 340 extending into the housing 312
from a side of the housing (in particular, the side opposite the inlet exterior gas port 320) and
terminating at the port wall and a respective one of the air dampers, In particular at an outlet
regenerating control damper 336 which Is openable and closeable to respectively permit and
prevent an outlet flow of exterior gas from the manifold through the outlet exterior gas to be
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discharged outside the cargo space. The outlet exterior gas port 340 is configured to receive a
flow of enriched exterior gas from the manifold (i.e. downstream of the adsorber) and
discharge it outside the cargo space. The exterior gas i1s enriched owing to desorption of the
controlled gas from the adsorber to the exterior gas.

[0058] The common chamber of the outlet manifold 308 i1s In fluid communication with the
adsorber to receive flow from the adsorber. In this particular example, the outlet manifold 308
IS In fluid communication with the adsorber via openings 342 in the rear wall of the air control
layer, as shown In both Figures 2 and 4.

[0059] The arrangement of the ports and manifolds represents one particular example of how
they may be oriented, and other arrangements may be used in other examples.

[0060] Each manifold Is provided with a common actuation element 346, 348 which Is
configured to operate both the respective adsorption control damper 314, 334 and the
respective regeneration control damper 316, 336. In this example, each of the air dampers Is
pivotable to open and close, and is rotationally biased at the pivot to a closed position in which
it engages the respective port wall to prevent flow through the respective port. Each air damper
comprises a respective actuation projection which extends into the common chamber from a
functional member of the air damper (i.e. the member which closes the opening in the port) to
engage the common actuation element 346, 348. As shown In Figure 2, in this example the
two air dampers in each respective manifold are collocated so that the respective common
actuation element 346 can engage each one. In this example, the common actuation element
346, 348 associated with each manifold 306, 308 Is a rotational elongate arm having a central
pivot and actuation point about which it rotates. Each common actuation element has a neutral
position In which It displaces neither one of the respective air dampers from the respective
closed position, such that flow through the respective manifold is prevented. Each common
actuation element 346, 348 is configured to rotate in a respective first direction to move the
respective adsorption control damper 314, 334 away from its bias position (the closed position,
In this example) to an open position and thereby permit an interior gas flow through the
respective port such that the manifold 1s in an adsorption configuration. In this example, as
manifolds are provided at both sides of the adsorber, the apparatus 300 is in an adsorption
configuration when actuation elements at both manifolds open the respective adsorption
control dampers. Each common actuation element 346, 348 is further configured to rotate in a
respective second direction to move the respective regeneration control damper 316, 336
away from its bias position (the closed position, In this example) to an open position and
thereby permit an exterior gas flow through the respective port such that the manifold is in a
regeneration configuration. Again, In this example the apparatus I1s In a regeneration
configuration when actuation elements at both manifolds open the respective regeneration
control dampers. The first direction for the actuation element 346 of the inlet manifold may be
opposite to the first direction for the actuation element 348 of the outlet manifold, as in the
example of Figure 2 (in which the actuation element 346 for the inlet manifold turns clockwise
as oriented in the drawing to open the inlet adsorption control damper, whereas the actuation
element 348 of the outlet manifold turns anticlockwise to open the outlet adsorption control
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damper).

[0061] In this example, the actuation element 346 for the inlet manifold 306 is actuated by a
motor controlled by the controller 226. By actuating both the adsorption control damper 314
and the regeneration control damper 316 at a respective manifold with one actuator (i.e. the
actuation element 346 and the motor to drive 1t), the number of actuators to operate the
scrubber apparatus 300 may be reduced (i.e. as compared with an apparatus in which each
flow line to an adsorber i1s provided with a respective valve).

[0062] In this example, the actuation elements 346, 348 associated with the respective
manifolds are coupled by a mechanical linkage so that operation (i.e. rotation) of one of the
actuation elements causes operation of the other. Accordingly, this further reduces the number
of actuators to operate the apparatus 300. In this example, the mechanical linkage comprises
a connecting rod 350 coupled to respective rear portions of the actuation elements at eccentric
positions with respect to the respective pivot, the rear portions being disposed on the other
side of the rear wall of the air control layer from main portions which are disposed within the
respective manifold to actuate the air dampers. However, in other examples, the actuation
elements may be linked by any suitable linkage. A configuration of air dampers to move
between an adsorption configuration and a regeneration configuration may be referred to
herein as an air damper module.

[0063] Air dampers for selectively permitting and preventing gas flows In a refrigerated

transport container may be rated for high flow rates (such as between 3x10 and 0.14 m%/s -
roughly 1 to 500 cubic metres per hour), and may require structural supports and actuators of
correspondingly high strength to support and operate them, which may be expensive. By
collocating air dampers for common actuation by an actuator, the number of actuators and
supports for air dampers may be reduced.

[0064] The controller 226 1s configured to cause the actuation elements to move the air control
dampers between the adsorption configuration and the regeneration configuration as will be
described In detail below. In this example, the controller 226 I1s also configured to serve as a
flow controller which controls activation and deactivation of the air mover 322 (which may be a
fan), and 1s configured to serve as a heater controller to control operation of the heater 324. In
other examples, a flow controller and/or a heater controller may be provided separately for
controlling these functions.

[0065] Figure 3 shows the apparatus 300 with the actuation elements rotated in the respective
second directions (relative Figure 2) to put the apparatus in the regeneration configuration. In
the regeneration configuration, the inlet regeneration control damper 316 1s open to permit a
flow of exterior gas to be received from outside the cargo space through the inlet exterior gas
port 320 and provided to the adsorber; and the outlet regeneration control damper 336 Is open
to permit enriched exterior gas received from the adsorber to be discharged from the outlet
manifold through the outlet exterior gas port 340.
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[0066] The scrubber apparatus 300 may be configured to adsorb and desorb a controlled gas
by appropriate selection of an adsorbent material. For example, the scrubber apparatus 300
may be configured for carbon dioxide removal (i.e. removal from interior gas), or for ethylene
removal.

[0067] An example method 500 of controlling the scrubber apparatus of Figures 1-4 apparatus
as Installed in the refrigeration unit 200 and refrigerated transport container 100 of Figure 1 will
now be described, by way of example. In this particular example, the scrubber apparatus is
configured for removal of carbon dioxide from interior gas, and may therefore be referred to as
a carbon dioxide removal apparatus. However, in other examples the scrubber apparatus may
be configured for removal of other a different component gas.

[0068] In operation of the refrigerated transport container, the refrigeration circuit is operated
to maintain the interior gas at a predetermined temperature. In block 502, the controller 226
obtains an output signal from the gas sensor 224 to monitor a parameter relating to the
composition of the interior gas, for example a proportion by volume or a partial pressure of
carbon dioxide. In this example, the parameter i1s a concentration of carbon dioxide by volume,
which may be monitored using a gas sensor such as a NDIR (nondispersive infrared) sensor
configured to monitor a parameter relating to a quantity of a component gas, such as carbon
dioxide. Such monitoring may be periodic, for example occurring once every five minutes or
less.

[0069] In block 504, the controller 226 determines whether the concentration of carbon dioxide
IS above a threshold which will be referred to as CO2 max, for example a threshold
corresponding to 5% carbon dioxide by volume. If the carbon dioxide concentration i1s below
the threshold, the method proceeds to block 522 as will be described below to determine If
regeneration of the adsorber Is required and to conduct such regeneration if so.

[0070] If the carbon dioxide concentration is above the threshold at block 504, the controller
226 operates the carbon dioxide removal apparatus 300 to remove carbon dioxide from return
air circulating in the cargo space, as follows.

[0071] In block 506, the controller 226 causes the actuator to move the air dampers to the
adsorption configuration.

[0072] In block 508, the controller 226 also activates the air mover 322 to draw a flow of
Interior gas through the carbon dioxide removal apparatus 300. However, In other examples
Interior gas may be caused to flow through the apparatus by a separate air mover, for example
by an upstream evaporator fan.

[0073] In block 510, the controller 226 (serving as a heater controller) operates the heater 324
to heat the Interior gas with the apparatus in the adsorption configuration. By way of example,
the controller operates the heater in a first mode in the adsorption configuration to heat the
Interior gas to raise the temperature of the interior gas by a threshold increase, for example
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2°C, or 5°C, or 10°C,. The heating may be controlled based on monitoring a temperature of
return air upstream of the carbon dioxide removal apparatus, and by monitoring a temperature
of interior gas downstream of the heater and upstream of the adsorber (not shown). In other
examples, the controller may operate the heater in a first mode to heat the interior gas in a
different way, for example to a different threshold increase, to an absolute temperature
threshold (i.e. irrespective of the upstream temperature) or to apply a constant heat input to
the interior gas. By heating the Interior gas, the relative humidity of the interior gas is reduced,
which reduces or prevents any condensation of the interior gas at the adsorber. Without
wishing to be bound by theory, it is thought that the operating performance of the adsorber is
lessened by condensation on the adsorbent material, as it prevents adsorption and desorption
of carbon dioxide. However, In other examples, there may be no heating of the interior gas.

[0074] With the apparatus In the adsorption configuration, an inlet flow of interior gas 352 (see
Figure 2, and solid arrow in Figure 4) flows through the inlet interior gas port 318, through the
open Inlet adsorption control damper 314 to the common chamber of the inlet manifold 306,
from where It flows to the air mover 322 and is driven into a heater duct 325. The interior gas
flows through the heater 324 where it 1Is heated as will be described below, before flowing
through the adsorber 302 where carbon dioxide is adsorbed by the adsorber from the interior
gas flow. A reduced carbon dioxide interior gas flows out of the adsorber 302 and to the
common chamber of the outlet manifold 308. From the common chamber, the reduced carbon
dioxide Interior gas flows 354 through the open outlet adsorption control damper 334 and
around the guide of the outlet interior gas port 338 to the outlet discharge duct 339.

[0075] Referring back to Figure 1, the outlet discharge duct 339 discharges the reduced
carbon dioxide interior gas downstream of the evaporator 206, despite the carbon dioxide
removal apparatus receiving the inlet interior gas from a position upstream of the evaporator
206. It may be desirable to maintain substantially steady state or slowly varying temperature
conditions of supply air over the evaporator. For example, the refrigeration circuit may have an
optimum operating configuration in which heat exchange from the return air to the refrigerant
In the evaporator 206 causes phase change of the refrigerant only (i.e. without "specific
heating” or temperature rise of the refrigerant”). As described herein, the carbon dioxide
removal apparatus may be operated in the adsorption configuration intermittently. The heated
reduced carbon dioxide interior gas Is discharged at higher temperature than the bulk return
air. Accordingly, by discharging the heated reduced carbon dioxide interior gas downstream of
the evaporator 206, intermittent variation of the temperature of interior gas flowing over the
evaporator 206 Is avoided. Instead, the interior gas mixes with the supply air discharged by the
refrigeration module 200 into the cargo space and iIs dissipated. By way of example, the
volumetric flow rate of interior gas through the carbon dioxide removal apparatus in the
adsorption configuration may be between 1% and 30% of the volumetric flow rate of interior
gas recirculating through the refrigeration module 200 as return air, depending on the
particular operating mode of the evaporator fan and the carbon dioxide removal apparatus.

[0076] In block 512, the concentration of carbon dioxide In return air Is again monitored using
the gas sensor 224, for example as part of the periodic monitoring described above with
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reference to block 502. If the concentration of carbon dioxide Is above a minimum threshold
referred to herein as CO2 min, then the method returns to block 512 to continue periodically
monitoring the concentration whilst the carbon dioxide removal apparatus 300 continues to
operate In the adsorption configuration. If the concentration of carbon dioxide is at or below the
minimum threshold CO2 min (for example a threshold corresponding to 4% carbon dioxide by
volume), then the method continues to control the apparatus to stop adsorption of carbon
dioxide. In other examples the maximum and minimum CO2 thresholds may be higher or
lower. It Is thought that the shelf life of certain products may be extended by having an
elevated CO2 concentration (i.e. relative ambient conditions) such as greater than 10%.
Accordingly, thresholds may be selected in dependence on the cargo.

[0077] At block 516, the controller 226 controls the actuator to move the air control dampers to
the neutral configuration to prevent flow through the carbon dioxide removal apparatus. At
block 518, the controller 226 controls the air mover 322 to stop. At block 520, the controller
226 controls the heater to stop heating (e.g. by stopping power supply to the heater). The
method returns to block 502 as described above.

[0078] A branch of the method corresponding to regeneration of the adsorber will now be
described. As mentioned above, at block 504 the controller determines whether the
concentration of carbon dioxide 1s at or above a maximum threshold CO2 max. If the
concentration 1s below the threshold, in this example the method continues to decision block
522 to determine If regeneration of the carbon dioxide removal apparatus I1s required. The
controller evaluates a criterion for determining If regeneration 1s required. For example, the
criterion may be whether a cumulative operational time of the carbon dioxide removal
apparatus In the adsorption configuration exceeds a predetermined regeneration threshold.
Such a decision block may be implemented elsewhere In the method, for example after
stopping carbon dioxide removal by the apparatus (i.e. after blocks 516-520).

[0079] In this example, If it Is determined that regeneration is not yet required, the method
returns to block 502 as described above.

[0080] If it Is determined that regeneration Is required, the controller 226 operates the carbon
dioxide removal apparatus to cause a regenerative flow of exterior gas through the adsorber,
as follows.

[0081] In block 524, the controller 226 controls the actuator to move the air control dampers to
the regeneration configuration. In block 526, the controller 226 controls the air mover to cause
a flow of exterior gas to be drawn from outside of the cargo space through the carbon dioxide
removal apparatus. As the air mover i1s provided In communication with a manifold for
conveying both interior and exterior gas flows, the same air mover can be used for conveying
both Interior and exterior gas. In block 528, the controller 226 operates the heater to heat the
exterior gas upstream of the adsorber 302. In this particular example, the adsorber may
desorb carbon dioxide to low CO2 concentration exterior gas more effectively at elevated
temperature. In this particular example, the heater is controlled in a second mode In the
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regeneration configuration to heat the exterior gas to a temperature threshold (i.e. an absolute
temperature, rather than a temperature rise) corresponding to operation of the adsorber for
desorption of carbon dioxide to the exterior gas. Accordingly, the heater controller may be
configured to control and may operate the heater to heat the exterior gas to a different and
higher temperature threshold In the regeneration configuration than In the adsorption
configuration. For example, the temperature threshold may be at least 40°C, at least 50°C, at
least 60°, at least 70°, at least 80" or higher. The threshold may depend on the operating
characteristics of the adsorbent material selected for use.

[0082] With the carbon dioxide removal apparatus 300 in the regeneration configuration, an
Inlet flow of exterior gas 356 (see Figure 3, dashed arrow In Figure 4) flows through the inlet
exterior gas port 320, through the open inlet regeneration control damper 316 to the common
chamber of the inlet manifold 306, from where it flows to the air mover 322 and is driven into
the heater duct 325. The exterior gas flows through the heater 324 where it 1s heated as
described above, before flowing through the adsorber 302 where carbon dioxide iIs desorbed
from the adsorber to the exterior gas flow. An enriched carbon dioxide exterior gas flows out of
the adsorber 302 and to the common chamber of the outlet manifold 308. From the common
chamber, the enriched carbon dioxide exterior gas flows 358 through the open outlet
regeneration control damper 336 and through the outlet exterior gas port 340 to be discharged
outside of the cargo space.

[0083] In block 528, the controller determines that regeneration is complete, for example after
a predetermined period for regeneration has elapsed. The method then continues to block 516

to return the carbon dioxide removal apparatus 300 to a neutral configuration, as described
above.

[0084] Although an example has been described In which actuation elements for each
manifold are mechanically coupled, in other examples there may be no mechanical linkage
between them. In yet further examples, a different actuation arrangement can be used,
Including actuation of each air damper by a separate respective actuator.

[0085] Although an example has been described In which an air mover of a scrubber
apparatus is located upstream of an adsorber, in other examples an air mover can be provided
upstream or downstream of the adsorber. In examples where an apparatus i1s configured for
bidirectional flow through the adsorber (i.e. In different directions In the adsorption
configuration and the regeneration configuration), the air mover may be In an upstream
position In one configuration, and a downstream position in the other.

[0086] Although examples have been described which relate to a scrubber apparatus and a
refrigerated transport container, in some examples a refrigeration module may be provided for
Installation (e.g. by original manufacture or retrofit) into a transport container to provide a
refrigerated transport container according to any of the aspects described herein.
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Patentkrav

1. Skrubberanordning (300) til en kglet transportcontalner
(100), der har et lastrum (105), 1det skrubberanordningen
(300) omfatter:

en regenererende adsorberingsenhed (302), der er konfigureret

t1l at tillade gennemstreomning gennem denne, t1l adsorption

pre——

eller desorption af en kontrolleret gas,

en 1ndlgbsmanifold (306), der er 1 vaskeforbindelse med en

pre——

forste side af adsorberingsenheden (302), og en udlgbsmanifold

p—
-

(308), der er 1 vaskeforblindelse med en anden side af

adsorberingsenheden (302), 1det hver manifold omfatter:

et 1ndvendig gasudtag (318, 338) til vaeskeforbindelse med en
indvendig gas (352) 1 lastrummet (105),

et udvendlg gasudtag (320, 340) til veskeforbindelse med en

udvendig gas (356) uden for lastrummet (105),

en adsorptilionskontroldemper (314) ved det 1ndvendige gasudtag

(318, 338) til at kontrollere selektiv vaeskeforblindelse mellem
adsorberingsenheden (302) og den 1ndvendilige gas (352), 0g

en redgenereringskontroldemper (316) ved det udvendige gasudtag

(320, 340) ti1l at kontrollere selektiv vaeskeforbindelse mellem

adsorberingsenheden (302) og den udvendige gas (3506),

ved hver manifold en faelles aktuator, der er konfigureret til

at aktivere Dbade adsorptionskontroldemperen (314, 334) og

regenereringskontroldaemperen (316, 336), sa de flyttes mellem

en adsorptionskonfiguration, hvor adsorptionskontroldemperen

(314, 334) er aben for at tillade en indvendig gas (352) at

stromme gennem adsorberingsenheden (302), ole]

regenereringskontroldaemperen (316, 330) er lukket, o0og en

regenereringskonfiguration, hvor regenereringskontroldemperen
(316, 336) er aben for at tillade en udvendig gas (356) at

stromme gennem adsorberingsenheden (302) ole]

adsorptionskontroldemperen (314, 334) er lukket,

et varmeapparat (324), der er placeret opstroms for

adsorberingsenheden (302) og nedstroms for 1ndlgbsmanifolden

(300), o0g en styreenhed for varmeapparat (320), der er

konfigureret ti1l at styre varmeapparatet (324), 1 en forste

tillstand til at opvarme 1ndvendlg gas (352), der er opstroms
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for adsorberingsenheden (302) 1 adsorptionskonflgurationen, og

t1l at betjene varmeapparatet (324) 1 en anden tilstand for at

opvarme udvendlg gas (356) 1 redgenereringskonfiligurationen.

2 . Skrubberanordning (300) 1fglge krav 1, hvor hver aftf
adsorptionskontroldemperen (314, 334) ole]
regenereringskontroldamperen (316, 336) er skratstillet 1

forhold ti1il en skrapositilion, der enten er en aben position

—

eller en lukket position af den respektive dxmper.

3. Skrubberanordning (300) 1felge krav 2, hvor den feaelles

aktuator omfatter et roterbart falles aktiveringselement (3460,

348), der er konfigureret til at rotere 1 en forste retning

for at flytte adsorptionskontroldemperen (314, 334) vek fra

dens skratstillede position og rotere 1 en modstaende anden

retning for at flytte regenereringskontroldemperen (316, 330)

vek fra dens skratstillede position.

—
e

4 . Skrubberanordning (300) 1fglge et hvilket som helst af de

foregaende krav, hvor manlifolderne (30606, 308) 0g

adsorberingsenheden (302) er tilvejebragt med et hus (312).

0. Skrubberanordning (300) 1fwelge krav 4, hvor der er
luftspjaeld 1 huset (312).

o . Skrubberanordning (300) 1foglge krav 4 eller 5, der

vderligere omfatter en ventilator (322) mellem

1ndlegbsmanifolden (3060) og adsorberingsenheden (302).

7. Skrubberanordning (300) 1fglge et hvilket som helst atf
kravene 4-6, hvor huset (312) har en lagdelt struktur, saledes
at adsorberingsenheden (302) er cl1lvejebragt 1 et
adsorberingslag (304) ole] manlifoldene (3060, 308) er

tillvejebragt 1 et luftstyringslag (310), der er placeret oven

pa adsorberingslaget (304) for at skifte mellem

adsorptionskonfigurationen og regenereringskonfigurationen.

B

3 . Skrubberanordning (300) 1fglge et hvilket som helst af de
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(2260) er

for at heve

styreenhed
(324)

med en terskelverdl.

hvor

foregaende krav, varmeapparatets

styre varmeapparatet
(352)

konfigureret til at

—

temperaturen af den i1indvendige gas

(300) 1feolge et hvilket som helst af de

felles aktuator er konfigureret til

9. Skrubberanordning

hvor den

foregaende krav,

at aktivere adsorptionskontroldemperne oJe|

pr——

skifte

for at

regenereringskontroldemperne ved hver manifold

mellem adsorptionskonflguration og regenereringskonfiguration.

(100)

der omfatter:

10. Kglet transportcontailner eller et kglesystem til en
(100),
(206) ti1il at modtage en returstrom af
fra et lastrum (105)

(300) 1fgolge et hvilket som helst af de

kolet transportcontalner

B

en fordampervarmeveksler
(352)

en skrubberanordning

1ndvendlg Jgas ti1l koling,

foregaende krav,

hvor skrubberanordningen (300) er konfigureret til at modtage
en del af returstrommen af 1ndvendlg gas (352) for at fjerne
en kontrolleret gas opstroms fra fordampervarmeveksleren (200)
1 forhold til retningen af returstrgmmen og er konfigureret
t1l at udlede den behandlede 1ndvendige gas (352), der har
passeret Jgennem adsorberingsenheden (302) wved en position
nedstreoms for fordampervarmeveksleren (200).
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Figure 5
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