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(54) WAVE ROTOR-BASED MULTI-STAGE REFRIGERATOR

(57) It is a kind of multistage wave rotor refrigerator form of pressure energy thatformed by expansion of high
which could be used in the field of gas expansion refrig- pressure gas.

eration. The refrigerator is mainly composed of a casing,

aleft end cover, aright end cover, a wave rotor, a central

shaft, a high pressure inlet nozzle, a medium pressure J—\-\L\ . //_2_
outlet nozzle and a drive mechanism. Within the structure ] PR
of the refrigerator, 2-8 times unsteady expansion of gas R T - ﬁ
could get realized, which improves the refrigeration effi- ] i —
ciency under large pressure ratio. Extending the structure _L//;F_’/ ;"ﬁ:_/&
ofthe refrigerator and changing the structure of end cover =1 M : i
could help realize multistage expansion refrigeration of T — -
gas. The double opening structure of oscillation tubes ; o= i r,_._
could help the refrigerator work regularly with high mois- J//7E — L
1

ture content of gas. This refrigerator is a gas expansion
refrigeration device that uses moving unsteady pressure

waves in oscillation tubes to realize the separation of the \——J\N
heat and cold of gas. Improvement of refrigeration effi-
ciency could be done by recycling expansion work in the
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Description
Technical field

[0001] The invention relates to a multistage wave rotor
refrigeration machine which belongs to the technical field
of gas expansion refrigeration.

Background technique

[0002] The gas wave refrigeration technology rose
since the 1980s. The gas wave expansion refrigeration
machine uses unsteady flow of the gas in the oscillation
tube to separate the heat and cold.

[0003] At present, the gas wave refrigeration technol-
ogy is mainly used in the liquefaction and separation of
mixed gas, light hydrocarbon recovery of liquefied petro-
leum gas, liquefaction of natural gas, generation of low
temperature air source and other fields. The gas wave
refrigerator has the advantages of easy operation, easy
maintenance and high reliability compared with the ordi-
nary turbo expander. The natural gas treatment process
often needs depressurization, cooling and dehydration
treatment.When the required pressure drop is large, the
ordinary single-stage gas wave refrigerator is difficult to
meet the operating conditions. Therefore, it is necessary
to invent a multistage gas wave refrigerator to meet the
demand of refrigeration under the condition of large pres-
sure ratio.

[0004] Mostofthe gas wave refrigerators belong to the
single stage unsteady expansion refrigeration sys-
tem(such as the Chinese patent 87101903.5,
89213744.4,90222999.0 and so on). The expansion ra-
tio is generally ranges from 2 to 4. If larger cooling tem-
perature drop is needed, the isentropic refrigeration effi-
ciency will decrease considerably. Therefore, it is nec-
essary to invent a multistage refrigerator to meet the de-
mand of refrigeration under the condition of large pres-
sure ratio. There is only one type of multistage gas wave
refrigerator (the Chinese patent 96115022.X) until now,
which employs single opening oscillation tube. Although
multistage refrigeration can be realized under large pres-
sure ratio in the gas wave refrigerator of single opening
oscillation tubes, the phenomenon of liquid accumulation
may make the oscillation tube ruptured in the process of
operating. And large bulk of the machine and slow heat
dissipation in the working process are also disadvantag-
es.

[0005] If several gas wave refrigerators are connected
in series to realize refrigeration, expansion ratio of each
machine could be decreased a lot. However, the pres-
sure energy of the gas can’t be effectively recovered and
the series connection of refrigerators leads to large in-
vestment and the occupation. And the overall efficiency
will reduce when the match between different stages of
refrigerators is not good. Therefore, the invention of a
refrigerator that can achieve efficient refrigeration at high
pressure ratio, recover the pressure energy effectively
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and avoid the generation of liquid during the operation
becomes a key issue of current gas wave refrigeration
technology.

Invention content

[0006] The invention provides a kind of multistage
wave rotor refrigerator to overcome the existing technol-
ogy problems. About the structure of the machine, there
are 30-280 oscillation tubes parallel to the axis in the
circumferential direction of the wave rotor, which can re-
alize 2-8 times unsteady expansion in the wave rotor to
achieve gas cooling under a large pressure ratio.In this
way, the expansion work produced by the expansion of
the high pressure gasisrecovered in the form of pressure
energy to improve refrigeration efficiency. The oscillation
tube with the form of double opening can effectively con-
trol the trend of liquid motion to avoid the liquid accumu-
lation problems.

[0007] The technical scheme of the present invention
is that: a multistage wave rotor refrigerator includes a
casing, a left end cover, a right end cover, a wave rotor,
a central shaft, a high pressure inlet nozzle, a medium
pressure outlet nozzle and a drive mechanism. The wave
rotor is fixed to the circular disk of the central shaft by
bolts. The wave rotor is placed in the casing whose left
side is set with a left end cover and a right side a right
end cover. Between the left end cover and the left side
of central shaft there are two bearings behave as support.
Another two bearings behave as support between the
right end cover and the right side of central shaft. Oscil-
lation tubes with constant cross-section are set in the
wave rotor in circumferential direction. On the left end
cover there are first high pressure inlet chamber of 2-8
stages, second low temperature outlet chamber of 2-8
stages, second high pressure inlet chamber of 2-8 stages
and first low temperature outlet chamber of 2-8 stages
in order. On the right end cover (25) there are second
medium pressure outlet chamber of 2-8 stages, first low
pressure inlet chamber of 2-8 stages, first medium pres-
sure outlet chamber of 2-8 stages and second low pres-
sure inlet chamber of 2-8 stages in order. The high pres-
sure inlet nozzles of 2-8 stages are fixed on the left end
cover by bolts, and the medium pressure outlet nozzles
of 2-8 stages on the right end cover. The circumferential
central line of high pressure inlet nozzles and medium
pressure outlet nozzles is the same as the circumferential
central line of end faces of oscillation tubes. The clear-
ancefitting between stationary nozzles surface plane and
rotary wave rotor surface plane needs to be controlled.
The drive mechanism is an electromotor that drives the
wave rotor on the central shaft to rotate in the casing
through a coupling.

[0008] There are 2-8 high-pressure inlet nozzles in the
refrigerator, which could help realize unsteady expansion
of gas 2-8 times.

[0009] Inthewave rotor of refrigerator there are 30-280
oscillation tubes.
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[0010] The beneficial effects of the present invention
include that it simplifies the structure of machine and it
is conducive to be installed and adjusted. The wave rotor
of refrigerator of double opening oscillation tubes is main-
ly composed of a casing, a left end cover, a right end
cover, a wave rotor, a central shaft, a high pressure inlet
nozzle, a medium pressure outlet nozzle and a drive
mechanism. The wave rotor and the central shaft are
combined into a whole and rotate synchronously.
[0011] The gas wave rotor refrigerator can reduce the
temperature and pressure of the gas after 2-8 times ex-
pansion, which realizes 2-8 stages gas refrigeration. At
the same time expansion ratio ranging from 4 to 20 could
be realized that makes the machine more suitable for
gas refrigeration under large pressure ratio.

[0012] The refrigerator can transmit the expansion
work generated by the expansion of high pressure gas
to the low pressure gas expanded by itself in the oscilla-
tion tube through the shock wave, which raises the pres-
sure level of the gas. The gas whose pressure rises could
be expanded again in the device.The expansion work is
recovered in the form of pressure energy, which greatly
reduces the overall cooling pressure loss of the system
and improves the refrigeration efficiency of the system.
[0013] According to the present invention, the high
temperature gas exhausted from the medium pressure
chamber of the gas wave refrigerator could be cooled by
external cooler, which effectively improves the heat dis-
sipation efficiency.

[0014] The gas wave refrigerator uses double opening
oscillation tubes. When the moisture content of the gas
is high, the gas would be condensed during the cooling
process in oscillation tubes. Then the condensed liquid
can discharge through both sides of oscillation tubes. So
the refrigerator can work with liquid.

lllustrating the drawings
[0015]

Figure 1 shows the working procedure of a two-stage
wave rotor refrigerator.

Figure 2 shows the structure of a two-stage wave
rotor refrigerator.

Figure 3 shows the structure of left end cover of a
two-stage wave rotor refrigerator.

Figure 4 shows the structure of right end cover of a
two-stage wave rotor refrigerator.

Figure 5 is the A-A section view in Figure 2.

Figure 6 is the B-B section view in Figure 2.

Figure 7 is the structure schematic diagram of the
left end cover structure of a two-stage wave rotor
refrigerator.

Figure 8 is the structure schematic diagram of the
left end cover structure of a six-stage wave rotor re-
frigerator.

Figure 9 is the structure schematic diagram of the
left end cover structure of an eight-stage wave rotor
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refrigerator.

[0016] In the Figures: 1.first high pressure inlet nozzle
of two stages, 2.first low temperature outlet chamber of
two stages, 3. second high pressure inlet nozzle of two
stages, 4. second low temperature outlet chamber of two
stages, 5.wave rotor, 6.0scillation tube, 7.second low
pressure inlet chamber of two stages, 8.throttle valve,
9.first stage cooler, 10.first medium pressure outlet noz-
zle of two stages, 11.first low pressure inlet chamber of
two stages, 12.second medium pressure outlet nozzle of
two stages,13.second stage cooler, 14 .first stage heat
exchanger, 15.second high pressure inlet chamber of two
stages, 16.left bearing end cover, 17.bearings, 18. first
high pressure inlet chamber of two stages, 19.left end
cover, 20.casing, 21.second medium pressure outlet
chamber of two stages, 22.electromotor, 23.coupling,
24.right bearing end cover, 25.right end cover, 26.first
medium pressure outlet chamber of two stages, 27.bolts,
28.central shaft, 28a.circular disk, a,q.first high pressure
inlet chamber of six stages, a.first low temperature out-
let chamber of six stages, a,p.second high pressure inlet
chamber of six stages, a,4. second low temperature out-
let chamber of six stages, asg.third high pressure inlet
chamber of six stages, as4.third low temperature outlet
chamber of six stages, ayq.fourth high pressure inlet
chamber of six stages, a,4.fourth low temperature outlet
chamber of six stages, a5 fifth high pressure inlet cham-
ber of six stages, a5 4.fifth low temperature outlet chamber
of six stages, ag.sixth high pressure inlet chamber of six
stages,agq.sixth low temperature outlet chamber of six
stages, b4.firsthigh pressure inlet chamber of eight stag-
es, bu first low temperature outlet chamber of eight stag-
es, byg.second high pressure inlet chamber of eight stag-
es, b,y.second low temperature outlet chamber of eight
stages, bsq.third high pressure inlet chamber of eight
stages, bs4.third low temperature outlet chamber of eight
stages, byg.fourth high pressure inlet chamber of eight
stages, by4. fourth low temperature outlet chamber of
eight stages, by fifth high pressure inlet chamber of eight
stages, b, .fifth low temperature outlet chamber of eight
stages, bgg.sixth high pressure inlet chamber of eight
stages, bgq.sixth low temperature outlet chamber of eight
stages, bsq.seventh high pressure inlet chamber of eight
stages, b;4.seventh low temperature outlet chamber of
eight stages, bgg.eighth high pressure inlet chamber of
eight stages, bgq.eighth low temperature outlet chamber
of eight stages.

Detailed description

[0017] The two-stage refrigerator is introduced partic-
ularly according to the figures and the detailed descrip-
tion:

Figures 2, 3, 4, 5 and 6 show the structure of a two-stage
wave rotor refrigerator. In the figures, a multistage wave
rotor refrigerator includes a casing 20, a left end cover
19, a right end cover 25, a wave rotor 5, a central shaft
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28, high pressure inlet nozzles, medium pressure outlet
nozzles and a drive mechanism. The wave rotor 5 is fixed
to the circular disk 28a of the central shaft 28 by bolts
27. The wave rotor 5 is composed of 30-280 oscillation
tubes 6 of equal section. On the left end cover 19 there
are first high pressure inlet chamber of two stages 18,
second low temperature outlet chamber of two stages 4,
second high pressure inlet chamber of two stages 15 and
first low temperature outlet chamber of two stages 2 in
order. Ontherightend cover 25 there are second medium
pressure outlet chamber of two stages 21, first low pres-
sure inlet chamber of two stages 11, first medium pres-
sure outlet chamber of two stages 26 and second low
pressure inlet chamber of two stages 7 in order. The first
high pressure inlet nozzle of two stages 1 and the second
high pressure inlet nozzle of two stages 3 are respectively
fixed to the left end cover 19 by bolts. The first medium
pressure outlet nozzle of two stages 10 and the second
medium pressure outlet nozzle of two stages 12 are re-
spectively fixed to the right end cover 25 by bolts. The
circumferential central line of nozzles above is the same
as the circumferential central line of end faces of oscil-
lation tubes 6. The drive mechanism is an electromotor
22 that drives the wave rotor 5 on the central shaft 28to
rotate in the casing 20 through a coupling 23. The clear-
ance fitting between stationary nozzles surface plane and
rotary wave rotor 5 surface plane needs to be controlled.
[0018] Figure 1 shows the working procedure of a two-
stage wave rotor refrigerator. While working, the electro-
motor 22 drives the wave rotor 5 to rotate through the
central shaft 28 then the high pressure gas enters the
first high pressure inlet chamber of two stages 18.After
that the gas enters the left side of oscillation tubes 6 via
the first high pressure inlet nozzle of two stages 1. The
injected high pressure gas transmits the expansion work
in the form of shock wave to the low pressure gas in the
oscillation tubes 6, so that temperature and pressure of
the gas in the oscillation tubes 6 rises. So that the pres-
sure level of the gas rises.Then the gas is discharged by
the second medium pressure outlet nozzle of two stages
12. At last, after cooled by second stage cooler 13, the
gas enters the first stage heat exchanger 14 to exchange
the cold with the gas whose temperature is reduced after
being expanded.

[0019] The temperature of medium pressure gas de-
creases after the gas exchanging the cold then the gas
gets injected into the oscillation tubes 6 by second high
pressure inlet nozzle of two stages 3 to get expanded a
second time making the temperature of gas lower. Moti-
vated by pressure drop, the gas is exhausted out of the
system via second low temperature outlet chamber of
two stages 4 of which the position is confirmed by calcu-
lating matching of nozzles. After heat exchanging, an-
other flux of gas flows back to the oscillation tubes 6 via
first low pressure inlet chamber of two stages 11.At this
time the high pressure gas from the second high pressure
inlet nozzle of two stages 3gets expanded and transmits
the expansion work in the form of shock wave to the gas
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in the oscillation tubes 6.The temperature and pressure
of the gas in the oscillation tubes 6 rise and then the gas
becomes medium pressure gas which then flows into first
medium pressure outlet chamber of two stages 26 via
first medium pressure outlet nozzle of two stages 10 and
get exhausted out of oscillation tubes 6. The pressure
and temperature of medium pressure gas decreases af-
ter flowing via throttle valve 8 and first stage cooler 9.
Then the gas flows back to oscillation tubes 6 via second
low pressure inlet chamber of two stages 7. After one
period rotating of wave rotor 5, oscillation tubes 6 get
connected withfirst high pressure inletnozzle of two stag-
es 1 one more time and low pressure gas prepares for
attaining pressure energy next time.

[0020] Figure 7 shows the left end cover structure of a
two-stage wave rotor refrigerator. The first high pressure
inlet chamber of two stages 18 and the second high pres-
sure inlet chamber of two stages 15 are symmetrically
set on the left end cover. Second low temperature outlet
chamber of two stages 4 and first low temperature outlet
chamber of two stages 2 are symmetrically set on the left
end cover where high pressure inlet chambers and low
temperature outlet chambers are cross-distributed.
[0021] Figure 8 shows the left end cover structure of a
six-stage wave rotor refrigerator. There are first high
pressure inlet chamber of six stages a,, first low tem-
perature outlet chamber of six stages a44, second high
pressure inlet chamber of six stages a,, second low tem-
perature outlet chamber of six stages a,4, third high pres-
sure inlet chamber of six stages ajy, third low tempera-
ture outlet chamber of six stages a34, fourth high pressure
inlet chamber of six stages a,, fourth low temperature
outlet chamber of six stages a4, fifth high pressure inlet
chamber of six stages as, fifth low temperature outlet
chamber of six stages ag4, sixth high pressure inlet cham-
ber of six stages ag, sixth low temperature outlet cham-
ber of six stages ag1. They were symmetrically located
on the left end cover where the high pressure inlet cham-
bers and the low temperature outlet chambers are cross-
distributed. The structure of the right end cover of the six-
stage wave rotor refrigerator is similar to that of the left
end cover. The working process of the six-stage refrig-
erator is similar to that of the two-stage refrigerator.
[0022] Figure 9 shows the left end cover structure of
an eight-stage wave rotor refrigerator. There are first high
pressure inlet chamber of eight stages b, first low tem-
perature outlet chamber of eight stages b4, second high
pressure inlet chamber of eight stages b,,, second low
temperature outlet chamber of eight stages b4, third high
pressure inlet chamber of eight stages b, third low tem-
perature outlet chamber of eight stages b4, fourth high
pressure inlet chamber of eight stages b,g, fourth low
temperature outlet chamber b4, fifth high pressure inlet
chamber of eight stages b, fifth low temperature outlet
chamber of eight stages bg4, sixth high pressure inlet
chamber of eight stages bg, sixth low temperature outlet
chamber of eight stages bg4, seventh high pressure inlet
chamber of eight stages b;q, seventh low temperature



7 EP 3 489 595 A1 8

outlet chamber of eight stages b, eighth high pressure
inlet chamber of eight stages bg, eighth low temperature
outlet chamber of eight stages bg,. They were symmet-
rically located in the left end cover where the high pres-
sure inlet chambers and the low temperature outlet
chambers are cross-distributed. The structure of the right
end cover of the eight-stage wave rotor refrigerator is
similar to that of the left end cover. The working process
of the eight-stage refrigerator is similar to that of the two-
stage refrigerator.

Claims

1. A multistage wave rotor refrigerator including a cas-
ing (20), a left end cover (19) and a right end cover
(25); the characteristics of the refrigerator include a
wave rotor (5), a central shaft (28), high pressure
inlet nozzles, medium pressure outlet nozzles and a
drive mechanism; the wave rotor (5) is fixed on the
circular disk (28a) of central shaft (28) through bolts
(27); the wave rotor (5) is placed in the casing (20)
whose left side is set with the left end cover (19) and
right side the right end cover (25); between the left
end cover (19) and the left side of central shaft (28)
there are two bearings (17) behave as support; an-
other two bearings (17) behave as support between
the right end cover (25) and the right side of central
shaft (28); oscillation tubes (6) with constant cross-
section are set in the wave rotor (5) in circumferential
direction; On the left end cover (19) there are first
high pressure inlet chamber of 2-8 stages, second
low temperature outlet chamber of 2-8 stages, sec-
ond high pressure inlet chamber of 2-8 stages and
first low temperature outlet chamber of 2-8 stages in
order; on the right end cover (25) there are second
medium pressure outlet chamber of 2-8 stages, first
low pressure inlet chamber of 2-8 stages, medium
pressure outlet chamber of 2-8 stages and second
low pressure inlet chamber of 2-8 stages in order;
the high pressure inlet nozzles of 2-8 stages are fixed
on the left end cover (19) by bolts, and the medium
pressure outlet nozzles of 2-8 stages on the right
end cover (25); the circumferential central line of high
pressure inlet nozzles and medium pressure outlet
nozzles is the same as the circumferential central
line of end faces of oscillation tubes (6); the clear-
ance fitting between stationary nozzles surface
plane and rotary wave rotor (5) surface plane needs
to be controlled; The drive mechanism is an electro-
motor (22) that drives the wave rotor (5) on the cen-
tral shaft (28) to rotate in the casing (20) through a
coupling (23).

2. The multistage wave rotor refrigerator according to
the claim 1, the characteristics include that as for
two-stage wave rotor refrigerator, on the left end cov-
er (19) there are a first high pressure inlet chamber
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of two stages(18), a second low temperature outlet
chamber of two stages (4), a second high pressure
inlet chamber of two stages (15), a first low temper-
ature outlet chamber of two stages (2) in order; on
the right end cover (25) there are a second medium
pressure outlet chamber of two stages (21), a first
low pressure inlet chamber of two stages (11), a first
medium pressure outlet chamber of two stages (26)
and a second low pressure inlet chamber of two stag-
es (7) in order; the first high pressure inlet nozzle of
two stages (1) and the second high pressure inlet
nozzle of two stages (3) are respectively fixed on the
leftend cover (19) by bolts; the firstmedium pressure
outlet nozzle of two stages (10) and the second me-
dium pressure outlet nozzle of two stages (12) are
respectively fixed on the right end cover (25) by
bolts(27).

The multistage wave rotor refrigerator according to
the claim 1, the characteristics include that the wave
rotor refrigerator has 2-8 high pressure inlet nozzles
which can realize 2-8 times unsteady expansion of
gas in the refrigerator.

The multistage wave rotor refrigerator according to
the claim 1, the characteristics include that in the
wave rotor (5) refrigerator there are 30-280 oscilla-
tion tubes (6).
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