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(54) AIR COOLING MACHINE

(67)  The invention relates to an air cooling machine
comprising a compressor (1) whose inlet (11) is connect-
ed to an air outlet (92) of a cooling chamber (9) via a heat
exchanger (3), whereby the compressor (1) outletis con-
nected to an air inlet (91) of the cooling chamber (9) via
a cooler (2), the heat exchanger (3) and a turbodetander
(4), the turbodetander (4) being coupled to a motor (5)
of the compressor (1). Downstream of the outlet (12) of
the compressor (1) is connected a bypass air conduit
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(61), into which is inserted a bypass valve (6), from which
a continuing bypass air conduit (62) terminates down-
stream of an outlet (42) of the turbodetander (4), whereby
a double three-way or block valve (8) is arranged at the
air inlet (91) of the cooling chamber (9) and at the air
outlet (92) of the cooling chamber (9), and upstream of
the air outlet (92) of the cooling chamber (9) a dehumid-
ifier (7) is arranged in the cooling chamber (9).
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Description
Technical field

[0001] The invention relates to an air cooling machine
comprising a compressor whose inlet is connected to an
air outlet of a cooling chamber via a heat exchanger,
whereby the compressor outlet is connected to an air
inlet of the cooling chamber via a cooler, the heat ex-
changer and a turbodetander, whereby the turbod-
etander is coupled to a motor of the compressor.

Background art

[0002] Known are closed cycle regenerative gas cool-
ing machines (see I. A. Sakunin, "Cooling machines",
Mashinostroenie, 1985, pp. 360-367, Fig. 8.2), which in-
clude a compressor, an embedded cooling device, a
detander, a heat exchanger, a motor and a regenerator.
The gas flows into the compressor at a certain temper-
ature and pressure, it is compressed and consequently
its parameters change, the temperature increases.
Thereafter, the gas flows to the embedded cooling device
where it is cooled by passing water and is conveyed
through the regenerator to the detander. Inside the re-
generator, heat is removed from the "direct" stream by
heating the "return" stream from the heat exchanger. In
the detander, the gas expands and its pressure decreas-
es. Then the gas is supplied to the heat exchanger or a
cooling chamber, the gas temperature increases and the
gas then passes through the regenerator to the compres-
sor. Therequired temperatures are achieved by selecting
the regeneration depth without increasing the pressure
ratios in the compressor.

[0003] The disadvantage of this machine is using the
embedded cooling device which makes the machine too
complex and limits its use when installed in places where
there is no water.

[0004] Also known in the background art is a lamella
countercurrent heat exchanger and an air cooling ma-
chine for containers (patent application JP 2010025438
A, IPC F28D9/02, F25B9/00, published on 04.02.2010).
This document also describes an air cooling machine in
which the compressor and detander are located on one
shaft and the compressed air is cooled by heat exchange
with a stream of "processed" air from a cooling chamber.
This arrangement is considered to be the most optimal
and represents the closest prior art of the air cooling ma-
chine according to the present invention.

[0005] The use of air as a cooling agent causes diffi-
culties caused by the formation of ice (icing) at the point
of contact with the object to be cooled inside the air cool-
ing machine and in the air conduits. This is due to the
water content in air and to its freezing and removal when
the temperature drops. Freezing causes a decrease in
the operating efficiency of the air cooling machine due
to frequent machine maintenance operations and may
lead to the machine being withdrawn from service. It
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should be emphasized that, firstly, removing ice from the
air conduits and the devices of the air cooling machine
is not an easy task; second, it is necessary to stop the
system during this operation. This means that air cooling
machines have significant limitations in terms of maxi-
mum continuous operation time.

[0006] The aim of the invention is therefore to reduce
or completely eliminate the disadvantages of the back-
ground art, particularly to increase the efficiency of an air
cooling machine and ensure the least frequent possible
interruptions of the machine operation.

Principle of the invention

[0007] The aim of the invention is achieved by an air
cooling machine according to the present invention,
whose principle consists in that downstream of an outlet
of a compressor is connected a bypass air conduit into
which is inserted a bypass valve. A bypass air conduit
continuing from the bypass valve terminates downstream
of an outlet of a turbodetander, whereby a double three-
way or block valve is arranged at an air inlet of a cooling
chamber and at an air outlet of the cooling chamber, and
a dehumidifier is arranged in the cooling chamber up-
stream of the air outlet of the cooling chamber. This ar-
rangement ensures that during snow and/or ice removal
from the dehumidifier, the double three-way or block
valve is brought to a position in which the air from the
turbodetander returns to the compressor and does not
enter the cooling chamber and pass through the dehu-
midifier. When the air conduits or the heat exchanger
freeze, they can be heated and the snow and ice can be
melted without stopping the machine - only by interrupt-
ing the air supply to the cooling chamber and by returning
this air to the compressor upstream of the cooling cham-
ber, and the warm compressed air from the compressor
is supplied via the bypass valve upstream of the heat
exchanger, while at the same time the warm compressed
air from the compressor is supplied via a cooler in which
the cooling air or water supply is stopped.

[0008] To prevent heat loss, a double three-way or
block valve is arranged in the cooling chamber.

[0009] Greater defrosting efficiency of the air conduits
or the heat exchanger is achieved by inserting a bypass
valve between the compressor outlet and the air outlet
of the cooling chamber. For defrosting the heat exchang-
er, it is advantageous if the air from the bypass valve is
supplied upstream of the exchanger.

Description of the drawings

[0010] The air cooling machine according to the
present invention is schematically represented in the en-
closed drawings, wherein Fig. 1 shows a diagram with a
double three-way valve, Fig. 2 shows a diagram with a
block valve in its operating position during cooling and
Fig. 3 shows a diagram in a position during cleaning the
dehumidifier or during defrosting.
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Examples of embodiment

[0011] The air cooling machine according to the
present invention comprises a compressor 1, which is
coupled to an electric motor 5 by a shaft 51, ,and a tur-
bodetander 4. The turbodetander 4 is coupled totheelec-
tric motor 5 by means of a shaft 52, thus constituting one
assembly with the compressor 1. The motor 5 is coupled
to a well-known unillustrated frequency convertor which
is part of the machine control system and serves to reg-
ulate the revolutions of the compressor 1, of the motor 5
and of the turbodetander 4. The inlet 11 of the compres_-
sor 1is connected to an air outlet 92 of the cooling cham-
ber 9 via a heat exchanger 3 (recuperator) The outlet 12
of the compressor 1 is via an air cooler 2 and the heat
exchanger 3 connected to the inlet 41 of the turbod-
etander 4, whose outlet 42 is connected to the air inlet
91 of the_cooling chamber 9 via a double three-way or
block valve 8. In the cooling_chamber 9, upstream of the
air outlet 92 of the cooling chamber 9, is arranged a de-
humidifier 7, which is connected to the inlet 11 of the
compressor or 1 via the double three-way or block valve 8
and heat ethanger 3. In the embodiment shown, the
double three-way or block valve 8 is arranged in the cool-
ing chamber 9, and so the cooli_ng air which enters the
cooling chamber 9 is not heated. Downstream of the out-
let 12 of the com_pressor 1, a bypass air conduit 61 is
connected to the outlet air conduit, a bypassvalve 6 bEng
inserted into the bypass airconduit61. In the embodiment
shown, downstream of the turbodetander 4, the contin-
uing bypass air conduit 62 opens into the air conduit be-
tween the air outlet 92 of the cooling chamber 9 and the
heat exchanger 3. In an unillustrated embodirﬁent, the
continuing bypas_s air conduit 62 opens into the cooling
chamber 9 in the direction of the air flow downstream of
the turbodetander 4 upstream of the double three-way
or block valve 8, that i is, upstream of the air inlet 91 of
the cooling chamber 9.

[0012] The dehumidifier 7 is coupled to a snow and ice
conveyor (not shown), which is connected via a pressure
valve (not shown) to the environment to which it conveys
snow and ice and from which air is sucked through the
pressure valve in the event of a pressure drop in the
cooling chamber 9.

[0013] Through_the air cooler 2 is led a duct 21 through
which cooling air or cooling water passes. The described
parts of the machine are coupled to a control system of
the machine (not shown). Preferably, the control system
is provided with a program for automatic control of the
machine.

[0014] Air from the cooling chamber 9 is sucked into
the compressor 1, where it is compress_ed and its tem-
perature is incres_asing. Upon exiting the compressor 1,
compressed air enters the air cooler 2, where it is cooled
by passing part of its thermal energy_to the cooling air or
water which is supplied to the cooler 2 via the duct 21
and passes through the cooler 2. From the cooler 2, the
compressed air is led to the heat exchanger 3, where it
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is further cooled by heat exchange with an air flow which
is discharged from the cooling chamber 9 and passes
through the heat exchanger 3. The cooleJcompressed
air is supplied to the turbodetander 4, where it expands
and consequently is cooled and transmits, through the
turbine it rotates, additional torque to the shaft of the ma-
chine motor 5, thereby reducing the power consumption
of the motor 5 required for the operation of the compres-
sor 1. From the turbodetander 4, the cold air is led to the
cooﬁng chamber 9, passing trFough the double three-
way or block valve 8. The cooling performance is
changed by varying the speed of the compressor 1 by
means of a frequency converter. Increasing the s&eed
of the compressor 1 increases the pressure in the system
and, consequently_, the degree of expansion in the tur-
bodetander 4, which results in a decrease in the temper-
ature downstream of the turbodetander 4. Supplying
cooler air to the cooling chamber 9 reduces also the tem-
perature in the cooling chamber 9.

[0015] Air from the cooling chamber 9 is discharged
through the dehumidifier 7, in which moisture from air is
collected from air in the form of snow and/or ice. In the
event that the amount of snow and/or ice in the dehumid-
ifier 7 reaches a preset limit, the double three-way or
block valve 8 moves to a position in which the supplied
air does not enter the cooling chamber 9, but returns from
the valve 8 via the exchanger 3 to the_compressor 1,as
shown in F_ig. 3. In this mode, snow and/or ice is removed
from the dehumidifier 7, whereby neither the dehumidifier
7, nor the cooling machine is heated. After removing
snow and/orice from the dehumidifier 7, the double three-
way or block valve 8 returns to its ope_rating position and
air from the turbodetander 4 is again fed to the cooling
chamber 9 and passes throTJgh the dehumidifier 7.
[0016] In the case of low temperatures during_ long-
term operation, when air conduits freeze and/or snow
and ice (water in a solid state) is deposited in the heat
exchanger 3, whether in the part through which the com-
pressed air_passes from the compressor 1 or in the part
through which air from the cooling chamber 9 passes, it
is necessary to prevent complete freezing of the air con-
duits and/or the heat exchanger 3. For that purpose, the
bypass valve 6 opens, the supﬂy of the cooling air or
cooling water to the cooler 2 is stopped and the double
three-way or block valve 8 moves to a position in which
the supplied air does not enter the cooling chamber 9,
but returns from the valve 8 through the heat exchanggr
3 to the compressor 1, as shown in Fig. 3, whereby, be-
fore entering the heat exchanger 3, it is mixed with the
warm compressed air which passe_s through the bypass
valve 6. At the same time, the compressed and warm air
from the outlet 12 of the compressor 1 which is not cooled
in the cooler 2 enters the heat excha_nger 3. This results
inthe heating_of the air conduits and/or the heat exchang-
er 3 and the dissolving of the snow or ice in them. Con-
seauently, air from the cooling chamber 9 can again pass
through the air conduits and the heat e;changer 3 after
the valve 8 changes its position and the bypass valve 6
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closes, whereby the airleaving the compressor 1 is again
cooled in the cooler 2. In the above described unillustrat-
ed embodiment, the warm compressed air passing
through the bypass valve 6 is supplied downstream of
the turbodetander 4 upstre_am of the double three-way
or block valve 8, that is, upstream of the air inlet 91 of
the cooling chamber 9. T

Industrial applicability

[0017] The invention relates to the field of refrigeration
technology and can be used for production of cooling
units, freezing chambers, rapid cooling systems, air con-
ditioning systems and/or temperature maintenance sys-
tems.

List of references

[0018]
compressor
compressor inlet
12 compressor outlet
2 air cooler
3 heat exchanger
4 turbodetander
41 turbodetander inlet
42 turbodetander outlet
5 motor
51 shaft of the compressor
52 shaft of the turbodetander
6 bypass valve
61,62  bypass air conduits
7 dehumidifier
8 double three-way or block valve
9 cooling chamber
9 air inlet of the cooling chamber
92 air outlet of the cooling chamber
Claims

1. Anair cooling machine comprising a compressor (1)
whose inlet (11) is connected to an air outlet (92) of
a cooling chamber (9) via a heat exchanger (3),
whereby the compressor (1) outlet is connected to
anairinlet (91) of the cooling chamber (9) viaa cooler
(2), the heat exchanger (3) and a turbodetander (4),
the turbodetander (4) being coupled to a motor (5)
of the compressor (1), characterized in that down-
stream of the outlet (12) of the compressor (1) is
connected a bypass air conduit (61) into which is
inserted a bypass valve (6) from which a continuing
bypass air conduit (62) terminates downstream of
an outlet (42) of the turbodetander (4), whereby a
double three-way or block valve (8) is arranged at
the air inlet (91) of the cooling chamber (9) and at
the air outlet (92) of the cooling chamber (9), and
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upstream of the air outlet (92) of the cooling chamber
(9)a dehumidifier (7)is arranged in the cooling cham-
ber (9).

The air cooling machine according to claim 1, char-
acterized in that a double three-way or block valve
(8) is arranged in the cooling chamber (9).

The air cooling machine according to claim 1 or 2,
characterized in that the continuing bypass air con-
duit (62) terminates between the air outlet (92) of the
cooling chamber (9) and the heat exchanger (3).

The air cooling machine according to claim 1 or 2,
characterized in that the continuing bypass air con-
duit (62) terminates upstream of the double three-
way or block valve (8).
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