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(54) REFRIGERATION SYSTEM WITH HOT GAS DEFROST

(57) A refrigeration system comprises a main refrig-
eration circuit comprising a compression device 12, a
heat rejecting heat exchanger 14, an expansion device
18 and a heat absorbing heat exchanger 16. In addition,
the refrigeration system includes a hot gas bypass line
20, wherein the hot gas bypass line is fluidly connected
to the main refrigeration circuit at a point between the
compression device 12 and the heat rejecting heat ex-
changer 14; and a valve 24 for controlling the flow of
refrigerant fluid through the hot gas bypass line 20;
wherein the heat absorbing heat exchanger 16 compris-
es a coil, the coil comprising an inletand an outlet; where-
in the hot gas bypass line 20 includes a first hot gas in-
jection line 21 and a second hot gas injection line 22, the
first hot gas injection line 21 being fluidly connected to
the main refrigerant circuit between the inlet of the coil

21’-\

of the heat absorbing heat exchanger 16 and the expan-
sion device 18, and the second hot gas injection line 22
being fluidly connected to the coil of the heat absorbing
heat exchanger 16 at an intermediate point between the
inlet and the outlet of the coil. The refrigeration system
is arranged such that during a defrost mode of operation,
the valve 24 is controlled to allow refrigerant fluid from
the compression device 12 to flow through the hot gas
bypass line 20 and the first and second hot gas injection
lines 21, 22 in order to provide hot gas from the compres-
sion device 12 to enter into the coil of the heat absorbing
heat exchanger 16 at two distinct points; the inlet of the
coil and at the intermediate point. A method of controlling
the defrost mode of operation of the refrigeration system
is also provided.
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Description

[0001] The present invention relates to refrigeration
systems and more particularly to a refrigeration system
having a defrost operation utilising hot gas refrigerant.
[0002] Refrigeration systems operating at tempera-
tures below freezing will eventually experience an accu-
mulation of frost on the cooling elements of evaporators
from exposure to water vapour. The formation of ice on
the cooling elements poses several issues. It can inhibit
the efficient transfer of heat, and obstruct the flow of air
through the evaporator, especially if large amounts of ice
are allowed to build-up on the cooling elements. Hence,
ice formation and build-up can lead to lower efficiency,
increased energy consumption and increased running
costs.

[0003] Therefore, in order to counteract these issues,
itis known to provide refrigeration systems with a defrost
mode of operation to remove frost from the surface of
cooling elements. Existing hot gas defrost systems use
the system’s internal energy to defrost the cooling ele-
ments, utilising the naturally occurring high temperature
compressor discharge gas to add the necessary heat
required to accomplish the defrost cycle. A standard
method of doing this is to introduce a distinct bypass pipe
running from the outlet of the compressor to the inlet of
the evaporator.

[0004] As the refrigerant flows forward through the
evaporator its heat energy is transferred to the frost ac-
cumulation on the evaporator cooling elements.

[0005] One of the drawbacks with single evaporator
systems utilizing hot gas defrost is the elimination of any
meaningful load on the compressor during the defrost
cycle. With the evaporator receiving hot gas at its inlet
and acting like a condenser in the process of melting the
accumulated frost, the refrigeration cycle cannot contin-
ue for long without a refrigeration load. So, the defrost
duration needs to be extremely short on single evapora-
tor systems.

[0006] It will therefore be appreciated that a reduction
indefrostdurationis desirable. It always remains the case
thatincreases in efficiency and reductions in energy con-
sumption are desirable.

[0007] According to a first aspect, there is provided a
refrigeration system comprising: a main refrigeration cir-
cuit comprising: a compression device, a heat rejecting
heat exchanger, an expansion device and a heat absorb-
ing heat exchanger; a hot gas bypass line, wherein the
hot gas bypass line is fluidly connected to the main re-
frigeration circuit at a point between the compression de-
vice and the heat rejecting heat exchanger; and a valve
for controlling the flow of refrigerant fluid through the hot
gas bypass line; wherein the heat absorbing heat ex-
changer comprises a coil, the coil comprising an inletand
an outlet; wherein the hot gas bypass line includes a first
hot gas injection line and a second hot gas injection line,
the first hot gas injection line being fluidly connected to
the main refrigerant circuit between the inlet of the coil
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of the heat absorbing heat exchanger and the expansion
device, and the second hot gas injection line being fluidly
connected to the coil of the heat absorbing heat exchang-
eratanintermediate point between the inletand the outlet
of the coil; and wherein the refrigeration system is ar-
ranged such that during a defrost mode of operation, the
valve is controlled to allow refrigerant fluid from the com-
pression device to flow through the hot gas bypass line
and the first and second hot gas injection lines in order
to provide hot gas from the compression device to enter
into the coil of the heat absorbing heat exchanger at two
distinct points; the inlet of the coil and at the intermediate
point.

[0008] The use of a hot gas bypass line to inject hot
gaseous refrigerant directly into the coil of the heat ab-
sorbing heat exchanger has the advantage, in compari-
son to electric defrost methods, of warming the coil from
the inside, ensuring the majority of the thermal energy is
directed to warming the accumulated frost. The use of a
second injection line, to inject hot gaseous refrigerant at
the intermediate point, which is a second distinct location
in the coil of the heat absorbing heat exchanger, allows
part of the hot gas refrigerant to directly reach a later
portion of the coil of the heat absorbing heat exchanger,
which is usually subject to higher frost accumulation. Hot
gas can hence be used to defrost these later portions of
the coil without losing thermal energy due to flow through
an earlier portion of the coil and the environment sur-
rounding the coil. The use of a hot gas bypass line with
afirsthot gasinjection line and a second hot gas injection
line therefore ensures that the whole coil of the heat ab-
sorbing heat exchanger is subject to a more even heat
distribution during a defrost mode of operation. This more
efficient use of the thermal energy of the hot gaseous
refrigerant provides a refrigeration system with a lower
overall energy consumption during defrost and a shorter
defrost duration.

[0009] The refrigeration system may be arranged such
that when there is excessive frost accumulation then a
valve can be controlled such that a defrost mode of op-
eration is initiated and refrigerant fluid is directed into the
hot gas bypass line from the main refrigeration circuit.
The valve may be operated manually, or the refrigeration
system may include a controller for automatic control of
the valve, in order to achieve this.

[0010] This controller may also control other elements
within the refrigeration circuit, such as the compression
device and/or the expansion device. The controller may
receive temperature measurements from sensors, such
as a sensor for ambient air temperature (outside air tem-
perature), a sensor for temperature of the temperature
controlled environment, and/or sensors within the main
refrigeration circuit or the bypass line such as for meas-
uring temperatures and/or pressures. The sensors may
be comprised as a part of the refrigeration system.
[0011] The controller may control the valve in response
to measurements received from sensors, or a defrost
mode of operation may be initiated automatically, for ex-
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ample if a certaintime has lapsed since a previous defrost
operation was undertaken. Precise control of the defrost
operations of the refrigeration system can minimise the
amount of wasted energy and reduce overall energy con-
sumption. The controller may also be configured to allow
for a manual initiation of the defrost mode, such as in
response to input from a maintenance technician or other
user.

[0012] The main refrigeration circuit may not generally
include any further components, i.e. be a typical single-
stage vapor-compression refrigeration system.

[0013] The main refrigeration circuit may not include
any other components between the compression device
and the heat absorbing heat exchanger.

[0014] The main refrigeration circuit may not include
any other components between the heat absorbing heat
exchanger and the expansion device.

[0015] The main refrigeration circuit may not include
any other components between the expansion device
and the heat rejecting heat exchanger.

[0016] The main refrigeration circuit may not include
any other components between the heat rejecting heat
exchanger and the compression device.

[0017] The hot gas bypass line may be arranged such
that it provides a direct connection between the outlet of
the compression device and the coil of the heat absorbing
heat exchanger. The refrigeration fluid may not undergo
any thermodynamic change when flowing from the outlet
of the compression device to the coil of the heat absorb-
ing heat exchanger through the hot gas bypass line. The
refrigeration fluid may not undergo any heat exchange,
i.e. lose and/or gain heat to and/or from another portion
of the refrigeration system, when flowing from the outlet
of the compression device to the coil of the heat absorb-
ing heat exchanger through the hot gas bypass line.
[0018] The hot gas bypass line may comprise no fur-
ther components.

[0019] By providing a direct connection between the
outlet of the compression device and the coil of the heat
absorbing heat exchanger, the maximum amount of heat
energy within the refrigeration fluid can be used to defrost
the coil. By not undergoing any thermodynamic changes
or heat exchange the refrigeration fluid arrives at the coil
at about the same temperature as it leaves the outlet of
the compression device, and therefore at the maximum
possible temperature. This ensures full and complete de-
frost using all the heat energy available within the hot
gas refrigerant.

[0020] The refrigeration system may include other
valves in order to further control or maintain the flow of
refrigerant, such as further solenoid valves or check
valves. The main refrigeration circuit may include further
valves to ensure proper functioning of the components
within the main refrigeration circuit, such as a pressure
regulator valve at the outlet of the heat absorbing heat
exchanger to modulate the pressure of the refrigerant
before it reaches the intake of the compression device.
Proper and reliable operation of the refrigeration system
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therefore may be achieved.

[0021] The refrigeration system may include fans con-
figured to draw air over the heat absorbing heat exchang-
er and/or the heat rejecting heat exchanger. The heat
absorbing heat exchanger fans may further be operated
to direct cooling air into the temperature controlled envi-
ronment during normal operation of the refrigeration sys-
tem, thereby achieving improved circulation of the air in
the temperature controlled environment.

[0022] The fans may be turned off, by the controller or
otherwise, upon starting the defrost mode of operation.
The fans may be turned off for the entire defrost process.
Alternatively, the heat absorbing heat exchanger fans
may be turned back on during the defrost mode of oper-
ation after a certain period of time. In this way, the air
surrounding the cooling elements of the heat absorbing
heat exchanger fans is allowed to warm more uniformly
and to a higher temperature before being actively passed
to the temperature controlled environment, where ice re-
moval may also be desired.

[0023] The second hot gasinjection line may comprise
one or more hot gas injection lines, each one of the one
or more hot gas injection lines being fluidly connected to
the coil of the heat absorbing heat exchanger ata branch
point between the inlet and the outlet of the coil. The
branch points may be evenly distributed along the length
of the coil, or alternatively may be attached at points that
are randomly, or otherwise, distributed along the length
of the coil of the heat absorbing heat exchanger. By dis-
tributing the branch points along the length of the coil
according to the demands of the defrost operation of the
refrigeration system, those parts of the coil which expe-
rience a heavier accumulation of frost can be more spe-
cifically targeted with hot gaseous refrigerant. Thus, by
not wasting this thermal energy to other, earlier parts of
the coil or to the temperature controlled environment,
more complete and efficient defrost of the coil of the heat
absorbing heat exchanger may be achieved.

[0024] The location of the intermediate point of injec-
tion may be chosen according to the considerations of
the refrigeration system, wherein the considerations may
include the concentration of frost accumulation and/or
the positioning of the heat absorbing heat exchanger rel-
ative to the fans and/or the path the melted frost takes
as it flows away from the coil of the heat absorbing heat
exchanger.

[0025] The heat absorbing heat exchanger may be a
multi-circuit heat absorbing heat exchanger comprising
a plurality of coil circuits. In this embodiment, the expan-
sion device is connected to an inlet of a refrigerant dis-
tributor, but in other embodiments the main refrigeration
circuit may branch to a plurality of expansion devices,
each one of the plurality of expansion devices connected
to the inlet of a corresponding one of the plurality of coil
circuits. Preferably, the refrigerant distributor is mounted
directly to the expansion device outlet, but optionally is
connected by a straight line. The refrigerant distributor
has a plurality of outlets, wherein each outletis connected
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to the inlet of a corresponding one of the plurality of coil
circuits via distribution tubing.

[0026] The first hot gas injection line of the bypass line
may extend to an intermediate inlet of the refrigerant dis-
tributor, or to a branch point in the main refrigeration cir-
cuit between the distributor and the expansion device.
[0027] As discussed above, the second hot gas injec-
tion line may comprise one or more hotgas injectionlines.
Each of these one or more injection lines may extend to
a respective refrigerant distributor. Each refrigerant dis-
tributor has a plurality of outlets, wherein each outlet is
connected to a branch point in a corresponding one of
the plurality of coil circuits via distribution tubing.

[0028] Thus, each one of the one or more hot gas in-
jection lines is fluidly connected to a branch point on each
one of the plurality of coil circuits. These branch points
may be distributed evenly along the length of each coil
circuit, or may be randomly, or otherwise, distributed
along the length of each coil circuit. Each of the plurality
of coil circuits may have the same distribution of branch
points, or may have a different distribution of branch
points, depending on the requirements of the defrosting
operation.

[0029] The use of refrigerant distributors ensures that
refrigerant, which may be two-phase refrigerant having
a mix of liquid and gas phases, is distributed to each of
the plurality of coil circuits evenly during both normal op-
eration and defrost operation. This is beneficial to the
effectiveness and reliability of the refrigeration system
during normal operation, and ensures complete defrost
of each coil circuit during defrost operation.

[0030] The compression device may be any suitable
device for raising the pressure of the refrigerant fluid, and
hence may be a compressor of any suitable type, such
as a compressor known for refrigeration circuits. For
some types of refrigeration systems the compression de-
vice may be a pump. The compression device may be
arranged to operate with single phase refrigerant, i.e. fully
gaseous refrigerant, or with a two phase refrigerant hav-
ing a mix of liquid and gas phases. The compression
device can have an inlet connected to a fluid pathway
from the heat absorbing heat exchanger and an outlet
connected to a fluid pathway to the heat rejecting heat
exchanger. In some examples the fluid pathways provide
a direct connection with no other refrigeration system
components that would modify the state of the refrigerant
fluid.

[0031] The expansion device may be any suitable de-
vice forreducing the pressure of the refrigerant fluid, such
as an expansion valve, or a separator with an expansion
function. The expansion device may be arranged to pro-
vide a controllable degree of expansion, such as via use
of a valve with a controllable degree of opening. The ex-
pansion valve may be an electronic expansion valve. The
expansion valve may be an externally equalized expan-
sion valve.

[0032] The heat absorbing heat exchanger may be an
evaporator. The heat rejection heat exchanger may be

10

15

20

25

30

35

40

45

50

55

a condenser.

[0033] According to another aspect, there is provided
a method of controlling a defrost mode of operation of a
refrigeration system, wherein the refrigeration system
comprises: a main refrigeration circuit comprising: a com-
pression device, a heat rejecting heat exchanger, an ex-
pansion device and a heat absorbing heat exchanger; a
hot gas bypass line, wherein the hot gas bypass line is
fluidly connected to the main refrigeration circuit ata point
between the compression device and the heat rejecting
heat exchanger; and a valve for controlling the flow of
refrigerant fluid through the hot gas bypass line; wherein
the heat absorbing heat exchanger comprises a coil, the
coil comprising an inlet and an outlet; wherein the hot
gas bypass line includes a first hot gas injection line and
a second hot gas injection line, the first hot gas injection
line being fluidly connected to the main refrigerant circuit
between the inlet of the coil of the heat absorbing heat
exchanger and the expansion device, and the second
hot gas injection line being fluidly connected to the coil
of the heat absorbing heat exchanger at an intermediate
point between the inlet and the outlet of the coil; the meth-
od comprising: controlling the valve to initiate a defrost
mode of operation and allow refrigerant fluid from the
compression device to flow through the hot gas bypass
line and the first and second hot gas injection lines in
order to provide hot gas from the compression device to
enter into the coil of the heat absorbing heat exchanger
at two distinct points; the inlet of the coil and at the inter-
mediate point.

[0034] The controlling of the valve may be manual, or
the refrigeration system may include a controller for au-
tomatic controlling of the valve, in order to achieve this.
[0035] The method of controlling a defrost mode of op-
eration may also comprise controlling elements within
the main refrigeration circuit, such as the compression
device and/or the expansion device.

[0036] The method of controlling a defrost mode of op-
eration may also comprise the controller receiving tem-
perature measurements from sensors, such as a sensor
for ambient air temperature (outside air temperature), a
sensor for temperature of the temperature controlled en-
vironment, and/or sensors within the main refrigeration
circuit or the bypass line such as for measuring temper-
atures and/or pressures.

[0037] Thecontrolling ofthe valve by the controller may
be in response to measurements received from sensors.
[0038] The controlling ofthe valve by the controller may
be initiated automatically, for example if a certain time
has lapsed since a previous defrost operation was un-
dertaken.

[0039] The controlling ofthe valve by the controller may
be manually initiated such as in response to input from
a maintenance technician or other user.

[0040] The method of controlling a defrost mode of op-
eration may also comprise controlling other valves in the
main refrigeration circuit and/or the hot gas bypass line.
[0041] The method of controlling a defrost mode of op-
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eration may also comprise controlling fans configured to
draw air over the heat absorbing heat exchanger and/or
the heat rejecting heat exchanger. The heat absorbing
heat exchanger fans may further be controlled to direct
cooling air into the temperature controlled environment
during normal operation of the refrigeration system,
thereby achieving improved circulation of the air in the
temperature controlled environment.

[0042] The controlling of the fans may comprise turning
the heat absorbing heat exchanger and/or the heat re-
jecting heat exchanger fans off upon starting the defrost
mode of operation. The heat absorbing heat exchanger
fans may be turned off for the entire defrost process.
Alternatively, the heat absorbing heat exchanger fans
may be turned back on during the defrost mode of oper-
ation after a certain period of time. In this way, the air
surrounding the cooling elements of the heat absorbing
heat exchanger fans is allowed to warm more uniformly
and to a higher temperature before being actively passed
to the temperature controlled environment, where ice re-
moval may also be desired.

[0043] Certain preferred embodiments of the present
invention will now be described, by way of example only,
with reference to the following drawings, in which:

Figure 1 is a schematic diagram for a refrigeration
system using a main refrigeration circuit and a hot
gas bypass line connected to the main refrigeration
circuit;

Figure 2 shows a schematic diagram of a multi-circuit
evaporator;

Figure 3 shows temperatures at evaporator coil
bends during a hot gas defrost operation of an evap-
orator where hot gas is injected at the inlet only; and
Figure 4 shows temperatures at evaporator coil
bends during a hot gas defrost operation of an evap-
orator where hot gas is injected at the inlet as well
as at an intermediate point (evaporator coil bend 6).

[0044] As seen in Figure 1, a refrigeration system in-
cludes a compression device 12, a heat rejecting heat
exchanger 14, an expansion device 18 and a heat ab-
sorbing heat exchanger 16 that together form a main re-
frigeration circuit. The main refrigeration circuit contains
a refrigerant fluid and circulation of the refrigerant fluid
via the compression device 12 enables the refrigeration
system to utilise arefrigeration cycle (or heat pump cycle)
to satisfy a cooling (or heating) load. In this example the
compression device 12 is a compressor 12 for compres-
sion of gaseous refrigerant fluid, the heat rejecting heat
exchanger 14 is a condenser for at least partially con-
densing the refrigerant fluid, the expansion device 18 is
an expansion valve for expanding the refrigerant fluid,
and the heat absorbing heat exchanger 16 is an evapo-
rator for at least partially evaporating the refrigerant fluid.
The refrigeration system may advantageously be ar-
ranged so that the fluid is fully condensed at the con-
denser 14, and fully evaporated at the evaporator 16. In
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many cases it is beneficial to avoid the presence of liquid
at the inlet to the compressor 12.

[0045] The refrigeration system is configured to pro-
vide control and maintenance of temperature conditions
of an environment, such as the inside of a freezer cabinet.
The main refrigeration circuit may be situated outside of
the temperature controlled environment. Air passages
may be provided to allow air to circulate between the
main refrigeration circuit and the temperature controlled
environment, and the refrigeration system may include
fans 30 configured to direct air across the condenser 14
and the evaporator 16 and into or away from the temper-
ature controlled environment.

[0046] The refrigeration system includes a hot gas by-
pass line 20 for use in a defrost mode of operation. The
inlet of the hot gas bypass line is attached to the main
refrigerant circuit via the discharge line between the out-
let of the compressor 12 and the inlet of the condenser
14. The hot gas bypass line 20 includes a valve 24, which
is a solenoid valve with an open state and a closed state,
and may include a check valve or a pressure regula-
tor/flow control (not shown). The hot gas bypass line 20
includes a first hot gas injection line 21 and a second hot
gas injection line 22. The first hot gas injection line 21
may be attached to the main refrigeration circuit between
the outlet of the expansion valve 18 and the inlet of the
evaporator 16. The second hot gas injection line 22 may
be attached to the evaporator coil between the inlet and
the outlet of the evaporator 16, preferably halfway be-
tween the inlet and the outlet of the evaporator 16.
[0047] The second hot gas injection line 22 may com-
prise one or more injection lines which may be attached
to the evaporator coil between the inlet and the outlet of
the evaporator 16. The one or more hot gas injection
lines may be attached to the evaporator coil at points
evenly distributed along the length of the evaporator coil,
but may also be attached at points that are randomly or
otherwise distributed along the length of the evaporator
coil.

[0048] The refrigeration system includes a controller
28 for automatic control of the valve 24 and the fans 30.
[0049] The main refrigeration circuit may also include
a solenoid valve 26, with an open and closed state, be-
tween the expansion valve 18 and the condenser 14. The
valve 26 is controlled by the controller 28 in order to con-
trol the flow of refrigerant fluid through the main refriger-
ant circuit.

[0050] In Figure 2 a multi-circuit evaporator 16 is
shown. The evaporator 16 in Figure 2 comprises a plu-
rality of evaporator coils 36.

[0051] Inorderto facilitate the use of multi-circuit evap-
orator 16, the main refrigeration circuit may include a
refrigerant distributor 31 installed between the outlet of
the expansion valve 18 adapted to distribute the refrig-
erant to the inlet of each of the plurality of coils 36 of the
evaporator 16. The first injection line 21 may be directly
connected to the distributor 31, as in Figure 2, or the first
injection line may 21 be directly connected to the line
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between the outlet of the expansion valve 18 and the
inlet of the distributor 31.

[0052] The second injection line 22 may be directly
connected to a refrigerant distributor 32 which is adapted
to distribute the heated refrigerant to an injection point
of each of the plurality of coils 36, wherein the injection
point is between the inlet and the outlet of each of the
plurality of coils 36. The injection point may be halfway
between the inlet and the outlet of each of the plurality
of coils 36, or it may be closer to either the inlet or the
outlet.

[0053] The operation of the system is now described
with reference to Figures 1 and 2.

[0054] A defrost mode of operation may be initiated
automatically, for example if a certain time has lapsed
since a previous defrost cycle was undertaken, or man-
ually. During normal operation of the refrigeration sys-
tem, the main refrigeration circuit is operated in a cooling
mode to cool the air within the temperature-controlled
environment (freezer cabinet). Valve 26 is open and
valve 24 is closed, and fans 30 are turned on. Refrigerant
circulates through the main refrigerant circuit in a normal
refrigerant cycle, and the fans 30 draw air across the
evaporator 16 and pass the cooled air into/through the
temperature-controlled environment.

[0055] Upon switching from normal operation to a de-
frost operation, the controller 28 will open valve 24 and
close valve 26, and fans 30 are turned off. Hot refriger-
ation fluid is diverted from the discharge line through the
hot gas bypass line 20 and into first injection line 21 and
second injection line 22. First injection line 21 delivers
hot refrigeration fluid into distributor 31 which evenly dis-
tributes the refrigeration fluid between the inlets of each
of the plurality of coils 36. Second injection line 22 deliv-
ers hot refrigeration fluid into distributor 32 which evenly
distributes the refrigeration fluid between the injection
points of each of the plurality of coils 36.

[0056] By injecting hot refrigerant into the evaporator
coils in two or more separate locations, the thermal en-
ergy of the refrigerant is more evenly distributed in the
evaporator. The thermal energy is therefore more effec-
tively used, and the defrost duration is shortened. The
refrigeration system can therefore quickly resume normal
operation. The overall energy consumption of the refrig-
eration system is also lowered.

[0057] The refrigeration system may not include any
elements other than those shown in Figure 1, i.e. the
main refrigeration circuit may be a typical single-stage
vapor-compression refrigeration system. Alternatively,
the refrigeration system may include other elements not
shown in Figure 1, such as a pressure regulator valve at
the outlet of the evaporator 16 to modulate the pressure
of the refrigerant before it reaches the intake of the com-
pressor 12. The refrigeration system may also include
other more complex additions to the main refrigeration
circuit or hot gas bypass line 20 such as to adapt the
refrigeration system for particular requirements.
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Claims

1.

A refrigeration system comprising:

a main refrigeration circuit comprising: a com-
pression device, a heat rejecting heat exchang-
er, an expansion device and a heat absorbing
heat exchanger;

a hot gas bypass line, wherein the hot gas by-
pass line is fluidly connected to the main refrig-
eration circuit at a point between the compres-
sion device and the heat rejecting heatexchang-
er; and

a valve for controlling the flow of refrigerant fluid
through the hot gas bypass line;

wherein the heat absorbing heat exchanger
comprises a coil, the coil comprising aninlet and
an outlet;

wherein the hot gas bypass line includes a first
hot gas injection line and a second hot gas in-
jection line, the first hot gas injection line being
fluidly connected to the main refrigerant circuit
between theinlet of the coil of the heat absorbing
heat exchanger and the expansion device, and
the second hot gas injection line being fluidly
connected to the coil of the heat absorbing heat
exchanger at an intermediate point between the
inlet and the outlet of the coil; and

wherein the refrigeration system is arranged
such that during a defrost mode of operation,
the valve is controlled to allow refrigerant fluid
from the compression device to flow through the
hot gas bypass line and the first and second hot
gas injection lines in order to provide hot gas
from the compression device to enter into the
coil of the heat absorbing heat exchanger at two
distinct points; the inlet of the coil and at the in-
termediate point.

A refrigeration system as claimed in claim 1, wherein
the refrigeration system further comprises a control-
ler, the controller being configured to control the
valve.

A refrigeration system as claimed in claim 1 or claim
2, wherein the hot gas bypass line is arranged to
provide a direct connection between the outlet of the
compression device and the coil of the heat absorb-
ing heat exchanger.

A refrigeration system as claimed in claim 3, wherein
the hot gas bypass line is arranged such that the hot
gas from the compression device does not undergo
any thermodynamic change when flowing from the
outlet of the compression device to the coil of the
heat absorbing heat exchanger.

A refrigeration system as claimed in claim 3 or claim
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4, wherein the hot gas bypass line is arranged such
that the hot gas from the compression device does
not undergo heat exchange when flowing from the
outlet of the compression device to the coil of the
heat absorbing heat exchanger.

A refrigeration system as claimed in any preceding
claim, wherein the main refrigeration circuit does not
include any other components between the com-
pression device and the heat absorbing heat ex-
changer.

A refrigeration system as claimed in any preceding
claim, wherein the intermediate point is between the
middle of the coil and the outlet of the coil.

A refrigeration system as claimed in any of claims 1
to 6, wherein the second hot gas injection line com-
prises one or more hot gas injection lines, each one
of the one or more hot gas injection lines being fluidly
connected to the coil of the heat absorbing heat ex-
changer at a respective intermediate point between
the inlet and the outlet of the coil.

Arefrigeration system as claimed in claim 8, wherein
the respective intermediate points are distributed
evenly along the length of each of the plurality of coil
circuits.

A refrigeration system as claimed in any preceding
claim, wherein the heat absorbing heat exchanger
is amulti-circuit heat absorbing heat exchanger com-
prising a plurality of coils.

A refrigeration system as claimed in claim 10 when
dependent on claim 8 or claim 9, wherein each of
the one or more hot gas injection lines extends to
the inlet of a refrigerant distributor, each refrigerant
distributor having a plurality of outlets, each outlet
connected to a corresponding one of the plurality of
coils at the respective intermediate point between
the inlet and the outlet of the coil.

Arefrigeration system as claimed in claim 10 or claim
11, wherein the outlet of the expansion device is con-
nected to an inlet of a refrigerant distributor, the re-
frigerant distributor having a plurality of outlets, each
outlet connected to the inlet of a corresponding one
of the plurality of coils.

A refrigeration system as claimed in any of claims
10 to 12, wherein the first hot gas injection line of the
bypass line extends to an intermediate inlet of the
refrigerant distributor.

A method of controlling a defrost mode of operation
of a refrigeration system, wherein the refrigeration
system comprises:
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a main refrigeration circuit comprising: a com-
pression device, a heat rejecting heat exchang-
er, an expansion device and a heat absorbing
heat exchanger;

a hot gas bypass line, wherein the hot gas by-
pass line is fluidly connected to the main refrig-
eration circuit at a point between the compres-
sion device and the heat rejecting heat exchang-
er; and

a valve for controlling the flow of refrigerant fluid
through the hot gas bypass line;

wherein the heat absorbing heat exchanger
comprises a coil, the coil comprising aninlet and
an outlet;

wherein the hot gas bypass line includes a first
hot gas injection line and a second hot gas in-
jection line, the first hot gas injection line being
fluidly connected to the main refrigerant circuit
between the inlet of the coil of the heat absorbing
heat exchanger and the expansion device, and
the second hot gas injection line being fluidly
connected to the coil of the heat absorbing heat
exchanger at an intermediate point between the
inlet and the outlet of the coil; the method com-
prising:

controlling the valve to initiate a defrost mode of
operation and allow refrigerant fluid from the
compression device to flow through the hot gas
bypass line and the first and second hot gas in-
jection lines in order to provide hot gas from the
compression device to enter into the coil of the
heat absorbing heat exchanger at two distinct
points; the inlet of the coil and at the intermediate
point.

15. A method of controlling a defrost mode of operation

asclaimedin claim 14, wherein the valve is controlled
by a controller.
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