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(54) LOW-TEMPERATURE FULL CONTAINMENT TANK HAVING LOW-LIQUID-LEVEL MATERIAL 
EXTRACTION DEVICE

(57) A cryogenic full containment storage tank hav-
ing a low liquid level material extraction device, compris-
ing an inner tank (1), an outer tank (2), an operation plat-
form (3), and a material extraction device (6) capable of
extracting a low liquid level material. The material extrac-
tion device (6) comprises a material circulation tank (61)
and a cryopump (65) that are installed on the operation
platform (3), a first Venturi mixer (62) installed at the bot-
tom of the inner tank (1), and connecting pipelines. The
low-temperature medium in the material circulation tank
(61) enters the first Venturi mixer (62) through the cry-
opump (65) and an inlet pipeline (63), so that the low-tem-
perature medium in the inner tank (1) enters the first Ven-
turi mixer (62) through the suction hole (6202) of the first
Venturi mixer (62), and then enters the material circula-
tion tank (61) through a lead-outlet pipeline (64) after
being mixed.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to the technical
field of low-temperature liquefied gas storage, and more
particularly, to a cryogenic full containment storage tank
having a low liquid level material extraction device.

BACKGROUND

[0002] Substances that are gaseous at normal temper-
ature and pressure but can be liquefied after proper freez-
ing can be safely and efficiently stored in storage tanks
with low temperature and normal pressure. Substances
in the petrochemical industry that meet this characteristic
include methane, ethylene, ethane, propylene, propane,
butene, butane and other hydrocarbons , and substanc-
es in the chemical industry that meet this characteristic
include ammonia . As methane is the main component
of natural gas, and propane and butane are the main
components of liquefied gas, they are mainly used as
industrial and civil clean energy. As people pay more
attention to environmental issues around the world, the
consumption of clean energy such as liquefied hydrocar-
bons and liquefied natural gas (hereinafter referred to as
LNG) is increasing. In addition, the number and scale of
production of petrochemical enterprises that deeply proc-
ess hydrocarbons as raw materials are also increasing,
and the demand for large low-temperature storage tanks
to store these clean energy and liquefied hydrocarbons
also rises. Based on considerations for safety, the exist-
ing large cryogenic full containment storage tanks are
not allowed to open holes on the wall and bottom. The
pipelines connected to the storage tank are all in a top-
in and top-out way, that is, the liquid is inputted and out-
putted from the roof of the storage tank. Due to the large
diameter and the large height of the storage tank, the
height of the tank dome plus the height of the tank wall
is far greater than the suction vacuum height that the
liquid can be pumped up to, so the discharging pump can
only work under the liquid, that is, the discharging pump
is a cryogenic submersible pump.
[0003] The cryogenic submersible pump requires suf-
ficient low-temperature medium in the storage tank when
starting, so the minimum liquid level must not be lower
than the minimum operable liquid level required by the
cryogenic submersible pump. At present, the minimum
operable liquid level of the cryogenic submersible pump
plus a certain safety margin is usually about 1.2 m, that
is, the zone below 1.2 m from the bottom of the cryogenic
full containment storage tank is usually a "dead zone" for
operation, which results in a large ineffective working vol-
ume at the bottom of the tank. For example, an inner tank
diameter of 50000 m3 cryogenic full containment storage
tank is about Φ 46 m, so a volume with a height of 1.2 m
is about 1994 m3. An inner tank diameter of 80000 m3

cryogenic full containment storage tank is about Φ 59 m,

so a volume with a height of 1.2 m height is about 3280
m3. An inner tank diameter of 160000 m3 cryogenic full
containment storage tank is about Φ 87 m, and a volume
with a height of 1.2 m height is about 7134 m3.
[0004] The material at a bottom of the tank in range of
the ineffective working volume cannot be discharged out
of the tank through the cryogenic submersible pump. If
the storage tank needs to perform outage maintenances,
the material at the bottom can only be discharged by
vaporization, which consumes a lot of energy and also
needs a long period of time.

SUMMARY

[0005] An object of the present disclosure is to provide
a cryogenic full containment storage tank having a low
liquid level material extraction device, so as to solve the
technical problem in the prior art that the ineffective work-
ing volume at the bottom of the storage tank is too large
and there are too much residual medium that cannot be
extracted.
[0006] In order to solve the above-mentioned technical
problems, the present disclosure adopts the following
technical solutions: a cryogenic full containment storage
tank having a low liquid level material extraction device,
comprising: an inner tank, an outer tank surrounding a
periphery of the inner tank, an operation platform ar-
ranged on a top of the outer tank, and a material extrac-
tion device capable of extracting low liquid level material.
The material extraction device capable of extracting low
liquid level material comprises: a material circulation tank
arranged on the operation platform, which is configured
to contain low-temperature medium; a first Venturi mixer
arranged at a bottom of the inner tank, wherein two ends
of the first Venturi mixer are respectively an inlet and an
outlet, and an outer periphery of the first Venturi mixer is
provided with a suction hole; an inlet pipeline connected
an outlet of the material circulation tank to the inlet of the
first Venturi mixer; an outlet pipeline connected the outlet
of the first Venturi mixer to an inlet of the material circu-
lation tank; and a cryopump, arranged on the operation
platform, and connected to the inlet pipeline; wherein
while performing a medium extraction, the low-tempera-
ture medium in the material circulation tank enter the first
Venturi mixer through the cryopump and the inlet pipe-
line, so that the low-temperature medium in the inner tank
is capable of entering the first Venturi mixer through the
suction hole under an action of a pressure difference,
and entering the material circulation tank through the out-
let pipeline after mixing.
[0007] The first Venturi mixer comprises a constriction
section, a throat section and a diffusion section connect-
ed in sequence. A large-end opening of the constriction
section is configured as the inlet of the first Venturi mixer,
and is connected to the inlet pipeline. A large-end open-
ing of the diffusion section is configured as the outlet of
the first Venturi mixer, and is connected to the outlet pipe-
line. Two ends of the throat section are respectively con-
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nected to a small-end opening of the constriction section
and a small-end opening of the diffusion section. The
suction hole is opened corresponding to an outer periph-
ery of the throat section, and is communicated with an
interior of the throat section. The first Venturi mixer is
placed horizontally in the inner tank.
[0008] The first Venturi mixer further comprises a suc-
tion cavity arranged around the outer periphery of the
throat section and communicated with the interior of the
throat section. Two ends of the suction cavity are respec-
tively connected to an outer wall of the constriction sec-
tion and an outer wall of the diffusion section. The suction
hole is opened on an outer peripheral wall of the suction
cavity.
[0009] The suction hole of the first Venturi mixer is
opened on an outer peripheral wall of the throat section.
The first Venturi mixer further comprises a suction pipe
correspondingly arranged at the suction hole, and the
suction pipe is communicated with an interior of the inner
tank. The material circulation tank is further provided with
a medium output port for outputting the low-temperature
medium to the outside, and a liquid level control mech-
anism is provided to control an opening and closing of
the medium output port when a preset liquid level is
reached, and the preset liquid level is higher than a liquid
level required for an operation of the cryopump during
medium extraction.
[0010] The liquid level control mechanism is an over-
flow weir arranged in the material circulation tank. An
outlet of the material circulation tank is communicated
with an inner space of the overflow weir, and the medium
output port is communicated with an outer space of the
overflow weir.
[0011] The liquid level control mechanism is an over-
flow port arranged on a side wall of the material circulation
tank, wherein a height of the overflow port is higher than
the outlet of the material circulation tank, and the overflow
port is communicated with the medium output port.
[0012] The liquid level control mechanism comprises
an electrically connected liquid level gauge and a valve,
wherein the liquid level gauge is configured to detect a
liquid level in the material circulation tank, and the valve
is correspondingly arranged at the medium output port.
[0013] The inlet pipeline is provided with a control valve
to adjust a flow rate in the inlet pipeline, the control valve
is located outside the outer tank, and the cryopump is
located between the material circulation tank and the
control valve.
[0014] The material extraction device further compris-
es a pressurizing unit, which is arranged on the outlet
pipeline to increase a power for the low-temperature me-
dium to flow to the material circulation tank.
[0015] The pressurizing unit comprises: a second Ven-
turi mixer, a suction hole and an outlet of which are con-
nected in series to the outlet pipeline; a pressurizing inlet
pipeline connected an inlet of the second Venturi mixer
to the outlet of the material circulation tank; and a pres-
surizing control valve arranged on the pressurizing inlet

pipeline to adjust a flow rate in the pressurizing inlet pipe-
line.
[0016] It can be seen from the above technical solu-
tions that the present disclosure has at least the following
advantages and positive effects: the cryogenic full con-
tainment storage tank of the present disclosure is
equipped with a material extraction device capable of
extracting low liquid level material, The material extrac-
tion device comprises a material circulation tank, a cry-
opump arranged at an operation platform at a top of the
tank, a Venturi mixer located at a bottom of the inner tank
and corresponding connecting pipelines. The low-tem-
perature medium in the material circulation tank enters
the Venturi mixer through the cryopump. According to
Bernoulli’s principle and momentum transfer principle,
the low-temperature medium will form a local low-pres-
sure and high-speed flow entrainment effect in the Ven-
turi mixer, making the low-temperature medium enter the
Venturi mixer through the suction hole under the action
of the pressure difference, and the mixed low-tempera-
ture medium returns to the material circulation tank to-
gether. During the cycle, the flow rate of the low-temper-
ature medium returned to the material circulation tank is
greater than the flow rate of the low-temperature medium
pumped out from the material circulation tank, and the
difference is the extracted low-temperature medium.
[0017] The material extraction device is mainly used
as a supplementary discharge measure after the sub-
mersible pump in the cryogenic full containment storage
tank is pumped to the minimum liquid level and shut
down. This extraction device can extract the low liquid
level low-temperature medium that is originally in the
"dead zone" for operation, and the low-temperature me-
dium above the liquid level where the suction hole of the
Venturi mixer is located can be extracted by the material
extraction device. As a result, the liquid level of the cry-
ogenic full containment storage tank can be lowered to
the position where the suction hole or the suction pipe of
the first Venturi mixer is located, which is significantly
lower than the minimum operable liquid level required by
the submersible pump in the prior art, so that the ineffec-
tive volume of the cryogenic full containment storage tank
can be significantly reduced, and the volume utilization
rate of the tank can be improved. In the case of the same
tank size, the effective working volume of the full con-
tainment storage tank can be increased. In the case of
the same tank size, the effective working volume of the
full containment storage tank can be increased. In the
case of a certain effective working volume, the height of
the inner and outer tanks can be reduced, thereby saving
engineering investment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

FIG. 1 is a schematic structural diagram of a cryo-
genic full containment storage tank according to an
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embodiment of the present disclosure.
FIG. 2 is a schematic structural diagram of a material
extraction device in FIG. 1.
FIG. 3 is a schematic diagram showing a mixing prin-
ciple of the low-temperature medium in a first Venturi
mixer in FIG. 2.
FIG. 4 is a schematic structural diagram of the cry-
ogenic full containment storage tank according to
another embodiment of the present disclosure.
FIG. 5 is a schematic structural diagram of the ma-
terial extraction device in FIG. 4.
FIG. 6 is a schematic structural diagram of another
Venturi mixer.

[0019] The descriptions of the reference numerals are
as follows: 1- inner tank; 2- outer tank; 3-operation plat-
form; 4- pump column; 5- submersible pump; 6/6a- ma-
terial extraction device; 61/61a- material circulation tank;
6101/6101a- outlet; 6102/6102a- inlet; 6103/6103a- me-
dium outlet; 6104a- overflow outlet; 611- overflow weir;
62- first Venturi mixer; 621- constriction section;
622/622b- throat section; 623- diffusion section; 624-
suction cavity; 62b- Venturi mixer; 625b- suction pipe;
6201- inlet; 6202/6202b- suction hole; 6203- outlet; 63-
inlet pipeline; 64/64a- outlet pipeline; 641a- first outlet
section; 642a- second outlet section; 65-cryopump; 66-
control valve; 67- pressurizing unit; 671- second Venturi
mixer; 6711- inlet; 6712- suction hole ; 6713- outlet; 672-
pressurizing inlet pipeline; 673- pressurizing control
valve.

DETAILED DESCRIPTION

[0020] Exemplary embodiments embodying the fea-
tures and advantages of the present disclosure will be
described in detail in the following description. It should
be understood that the present disclosure may have var-
ious changes in different embodiments without departing
from the scope of the present disclosure, and the de-
scriptions and drawings therein are essentially used for
illustrating rather than limiting the present disclosure.
[0021] The present disclosure provides a cryogenic full
containment storage tank for storing liquefied low-tem-
perature medium. The low-temperature medium may be
a hydrocarbon such as methane, ethylene, ethane, pro-
pylene, propane, butene and butane, and may also be
ammonia commonly used in the chemical industry.
[0022] Referring to FIG. 1, the cryogenic full contain-
ment storage tank provided in this embodiment generally
includes an inner tank 1 for storing the low-temperature
medium, an outer tank 2 surrounding a periphery of the
inner tank 1, an operation platform 3 arranged on a top
of the outer tank 2, a pump column 4 extends through
the top of the outer tank 2 to a bottom of the inner tank
1, a submersible pump 5 arranged in the pump column
4, and a material extraction device 6 for extracting the
low liquid level material from the bottom of the inner tank
1.

[0023] Each of the inner tank 1 and the outer tank 2
generally includes a bottom plate arranged horizontally
and a cylindrical body erected on the bottom plate. A heat
insulating layer is provided between the bottom plate of
the inner tank 1 and the bottom plate of the outer tank 2,
and a heat insulating layer is provided between the cy-
lindrical body of the inner tank 1 and the cylindrical body
of the outer tank 2. A dome is provided on the top of the
outer tank 2, a top plate is suspended below the dome,
and a heat insulating layer is also arranged between the
dome and the top plate. The top plate is connected to
the inner tank 1 in a soft sealing manner. The pump col-
umn 4 extends through the top of the outer tank 2 to the
bottom of the inner tank 1. The submersible pump 5 is
arranged at a bottom of the pump column 4 and is im-
mersed in the low-temperature medium of the inner tank
1, which is configured to transport the low-temperature
medium in the inner tank 1 to the outside through the
pump column 4. The operation platform 3 is fixed on the
top of the outer tank 2, which may be configured to ac-
commodate various pipeline valves and working acces-
sories which the cryogenic full containment storage tank
is equipped with, allowing operators to perform work and
maintenance on it.
[0024] Compared to the cryogenic full containment
storage tank in the prior art, the cryogenic full contain-
ment storage tank in this embodiment is equipped with
a material extraction device 6, which is used as a sup-
plementary discharge device after the submersible pump
5 is pumped to the minimum liquid level L1 and shuts
down, so as to reduce the ineffective volume of the cry-
ogenic full containment storage tank. It is worth mention-
ing that the material extraction device 6 involved in the
present disclosure can not only extract the low liquid level
material (that is, the low-temperature medium below the
minimum operable liquid level L1 of the submersible
pump 5), but also operate in the liquid level range where
the submersible pump 5 in the pump column 4 can func-
tion. Therefore, in some cases, it may also be used as a
backup facility with a small flow output other than the
submersible pump 5. The material extraction device 6
will be described in detail below with reference to FIG.
2, and other specific structures including the inner tank
1, the outer tank 2, the operation platform 3, the pump
column 4, and the submersible pump 5 can be referred
to the structure of the related technology of the full-con-
tainment tank, which will not be described in detail herein.
[0025] Referring to FIGS. 1-2, the material extraction
device 6 of this embodiment includes a material circula-
tion tank 61, a first Venturi mixer 62, an inlet pipeline 63,
an outlet pipeline 64 and a cryopump 65. Further, a con-
trol valve 66 is further provided on the inlet pipeline 63.
[0026] The material circulation tank 61 in this embod-
iment is a horizontal low-temperature tank, which is ar-
ranged on the operation platform 3. An inside of the ma-
terial circulation tank 61 is configured to contain the low-
temperature medium, and an outside of the material cir-
culation tank 61 may be wrapped with cold insulating
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material.
[0027] Taking the view direction of FIG. 2 as a refer-
ence, an overflow weir 611 is arranged in the material
circulation tank 61, and the overflow weir 611 divides the
internal space of the material circulation tank 61 into two
parts. When the low-temperature medium in the overflow
weir 611 (i.e., a left side of the overflow weir 611 in the
figure) exceeds a height of the overflow weir 611, the
low-temperature medium overflow outside the overflow
weir 611 (i.e., a right side of the overflow weir 611 in the
figure). The space on the left side of the overflow weir
611 should meet the circulating volume requirements for
medium extraction of the low-temperature medium, and
the height of the overflow weir 611 should meet the re-
quirements of the minimum operable liquid level of the
cryopump 65. On this basis, the height of the overflow
weir 611 is set according to the practice situation.
[0028] An outlet 6101 is provided at a bottom of a left
end of the material circulation tank 61, and the outlet
6101 is communicated with the space enclosed by the
overflow weir 611, which is configured to output the low-
temperature medium during medium extraction.
[0029] A medium output port 6103 is further provided
at a bottom of a right end of the material circulation tank
61, and the medium output port 6103 is communicated
with the space outside the overflow weir 611 in the ma-
terial circulation tank 61, which is configured to output
the low-temperature medium to the outside.
[0030] An inlet 6102 is provided on a left side of a top
of the material circulation tank 61, which is configured to
receive the low-temperature medium.
[0031] The first Venturi mixer 62 is placed horizontally
on a bottom plate of the inner tank 1 so as to have a low
installation height. The first Venturi mixer 62 is a liquid-
liquid mixer, which mainly includes a constriction section
621, a throat section 622 and a diffusion section 623 con-
nected in sequence. In this embodiment, the first Venturi
mixer 62 is further provided with a suction cavity 624.
[0032] Each one of the constriction section 621 and
the diffusion section 623 is a hollow structure with gradi-
ent cross-section, a large-end opening of the constriction
section 621 configured as an inlet 6201 of the first Venturi
mixer 62, and a large-end opening of the diffusion section
623 configured as an outlet 6203 of the first Venturi mixer
62. One end of the throat section 622 is connected to a
small-end opening of the constriction section 621, and
the other end thereof is aligned with a small-end opening
of the diffusion section 623.
[0033] The suction cavity 624 is circumferentially ar-
ranged on a periphery of the throat section 622, forming
a dual cavity structure at the throat section 622. Two ends
of the suction cavity 624 are respectively connected to
an outer wall of the constriction section 621 and an outer
wall of the diffusion section 623. An outer peripheral wall
of the suction cavity 624 is provided with a plurality of
suction holes 6202, and these suction holes 6202 are
communicated with an interior of the inner tank 1, so that
the low-temperature medium in the inner tank 1 can be

sucked into the suction cavity 624. An annular cavity is
formed between the suction cavity 624 and the throat
section 622, and the suction cavity 624 is communicated
with an interior of the throat section 622, so the low-tem-
perature medium in the suction cavity 624 can further
enter the throat section 622.
[0034] The inlet pipeline 63 extends through the top of
the outer tank 2, and connects the inlet 6201 of the first
Venturi mixer 62 to the outlet 6101 of the material circu-
lation tank 61, so as to guide the low-temperature medi-
um in the material circulation tank 61 into the first Venturi
mixer 62 for extraction.
[0035] The outlet pipeline 64 also extends through the
top of the outer tank 2, and connects the inlet 6102 of
the material circulation tank 61 to the outlet 6203 of the
first Venturi mixer 62, so as to guide the low-temperature
medium in the first Venturi mixer 62 into the material cir-
culation tank 61.
[0036] The cryopump 65 is arranged on the operation
platform 3 and is connected to the inlet pipeline 63 to
provide power for the flow of the low-temperature medi-
um. The cryopump 65 is a non-submerged pump, that
is, it is not required to be immersed in the low-temperature
medium, and it may be a non-submerged pump with any
structure.
[0037] The control valve 66 is arranged on the inlet
pipeline 63, so that it can not only control the opening
and closing of the inlet pipeline 63, but also adjust a flow
rate of the low-temperature medium in the inlet pipeline
63. The control valve 66 is located downstream of the
cryopump 65, but outside the outer tank 2.
[0038] The above-mentioned material circulation tank
61, the first Venturi mixer 62, the inlet pipeline 63, the
extraction pipeline 64, the cryopump 65 and the control
valve 66 are all required to be able to withstand the tem-
perature of the extracted low-temperature medium, so
they are made of low-temperature materials capable of
withstanding the corresponding temperature.
[0039] Referring to FIGS. 2-3, the working principle of
the material extraction device 6 is as follows. While ex-
tracting medium, the low-temperature medium in the ma-
terial circulation tank 61 is driven by the power of the
cryopump 65 and enters the first Venturi mixer 62 through
the inlet pipeline 63. For ease of understanding, the low-
temperature medium guided into the first Venturi mixer
62 from the material circulation tank 61 is referred to as
initial low-temperature medium F0. According to the Ber-
noulli’s (energy conservation) principle and the momen-
tum transfer principle (momentum conservation), after
the initial low-temperature medium F0 enters the first
Venturi mixer 62, in the process of flowing from the con-
striction section 621 to the throat section 622, due to a
decrease of the flow cross-sectional area, the flow speed
increases, and the pressure decreases, resulting in an
entrainment effect of local low pressure and high-speed
flow at the throat section 622, so that the low-temperature
medium Fi in the inner tank 1 enters the first Venturi mixer
62 through the suction holes 6202 under the action of
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the pressure difference. The sucked low-temperature
medium Fi is mixed with the initial low-temperature me-
dium F0. Due to an increase of the flow cross-section
area, the flow speed reduces, and the pressure increas-
es, the mixed low-temperature medium Fm in the diffu-
sion section 623 enters the material circulation tank 61
through the lead-outlet pipeline 64. In this embodiment,
the suction cavity 624 is further provided on a periphery
of the throat section 622 of the first Venturi mixer 62, and
the low-temperature medium in the inner tank 1 is first
sucked into the suction cavity 624, and then enters the
throat section 622 for mixing, so that the momentum of
the initial low-temperature medium F0 can be more ef-
fectively utilized, and the mixed low-temperature medium
can flow back to the material circulation tank 61 more
smoothly.
[0040] The flow rate of the low-temperature medium
reaching the material circulation tank 61 is greater than
the flow rate of the initial low-temperature medium initially
pumped into the first Venturi mixer 62 from the material
circulation tank 61, and the excess part is the low-tem-
perature medium extracted from the inner tank 1. After
the above-mentioned continuous circulation process, the
low-temperature medium in the inner tank 1 can be con-
tinuously extracted into the material circulation tank 61.
[0041] The low-temperature medium located in the
overflow weir 611 in the material circulation tank 61 is
used to maintain the medium extraction operation. When
the low-temperature medium in the material circulation
tank 61 exceeds the overflow weir 611, the low-temper-
ature medium beyond the height of the overflow weir 611
can be transported outward through the medium output
port 6103.
[0042] Referring to FIGS. 4-5, in another embodiment
of the cryogenic full containment storage tank, the ma-
terial extraction device 6a is further provided with a pres-
surizing unit 67 on the basis of the foregoing embodiment,
and the pressurizing unit 67 is provided on the outlet pipe-
line 64, and the pressurizing unit 67 is configured to in-
crease the power of the mixed low-temperature medium
to flow to the material circulation tank 61a, so that the
low-temperature medium can flow back to the material
circulation tank 61a more smoothly. It is suitable for sit-
uations with a larger pumping height, such as a cryogenic
full containment storage tank with a larger height. In this
embodiment, the pressurizing unit 67 includes a second
Venturi mixer 671, a pressurizing inlet pipeline 672 and
a pressurizing control valve 673.
[0043] A composition structure of the second Venturi
mixer 671 may be the same as that of the first Venturi
mixer 62. A suction hole 6712 and an outlet 6713 of the
second Venturi mixer 671 are connected in series to the
outlet pipeline 64a. Specifically, the outlet pipeline 64a
is divided into a first outlet section 641a and a second
outlet section 642a, and the first outlet section 641a con-
nects the outlet 6203 of the first Venturi mixer 62 to the
suction hole 6712 of the second Venturi mixer 671, and
the second outlet section 642a connects the outlet 6713

of the second Venturi mixer 671 to the inlet 6102a of the
material circulation tank 61a.
[0044] The pressurizing inlet pipeline 672 communi-
cates the inlet 6711 of the second Venturi mixer 671 with
the outlet 6101a of the material circulation tank 61a, so
as to guide a certain amount of initial low-temperature
medium from the material circulation tank 61a into the
second Venturi mixer 671. The initial low-temperature
medium is further mixed with the mixed low-temperature
medium from the first Venturi mixer 62 in the second Ven-
turi mixer 671 to increase the pressure, so that the low-
temperature medium has greater power to return to the
material circulation tank 61a from the second outlet sec-
tion 642a.
[0045] The pressurizing control valve 673 is arranged
on the pressurizing inlet pipeline 672. On the one hand,
it controls the opening and closing of the pressurizing
inlet pipeline 672 , and on the other hand, it also regulates
a flow rate in the pressurizing inlet pipeline 672.
[0046] Similar to the previous embodiment, the second
Venturi mixer 671, the pressurizing inlet pipeline 672 and
the pressurizing control valve 673 are also required to
be able to withstand the temperature of the extracted
low-temperature medium, so they are made of low-tem-
perature materials capable of withstanding the corre-
sponding temperature.
[0047] In this embodiment, the second Venturi mixer
671 is configured to increase the refluxing power of the
low-temperature medium, and forms a two-stage series
extraction process. In other embodiments, if the extrac-
tion height is higher and the return power is insufficient,
more Venturi mixers may be connected in series to the
outlet pipeline 64/64a to form a multi-stage series extrac-
tion process. The connection method of multi-stage se-
ries extraction may be deduced by analogy.
[0048] Compared to the previous embodiment, anoth-
er difference of this embodiment is that the material cir-
culation tank 61a is a vertical storage tank. The inlet
6102a of the material circulation tank 61a is located at
the top, and the outlet 6101a of the material circulation
tank 61a is located on the side wall close to the bottom.
There is no overflow weir 611 in the material circulation
tank 61a, but an overflow port 6104a is provided on the
side wall of the material circulation tank 61a. The height
of the overflow port 6104a is higher than the outlet 6101a
of the material circulation tank 61a, and is higher than
the liquid level required for medium extraction. The me-
dium outlet port 6103a is extended out from and commu-
nicated with the overflow port 6104a.
[0049] The structure of the vertical material circulation
tank 61a is also applicable to the material extraction de-
vice 6 in the previous embodiment.
[0050] In the above two embodiments, the material cir-
culation tank 61/61a adopts the structure of the overflow
weir 611 and the overflow port 6104a to form a liquid
level control mechanism, so as to control the opening
and closing of the medium output port 6103/6103a when
the preset liquid level is reached. In other not-shown em-
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bodiments, the liquid level control mechanism may fur-
ther include an electrically connected liquid level gauge
and a valve, the liquid level gauge is configured to detect
the liquid level in the material circulation tank, and the
valve is correspondingly arranged at the medium output
port.
[0051] Referring to FIG. 6, the Venturi mixers 62/671
in the above embodiments can also be replaced with a
structure shown in FIG. 6. In the structure shown in FIG.
6, the Venturi mixer 62b is not equipped with the suction
cavity 624, but a plurality of suction holes 6202b are
opened on the outer peripheral wall of the throat section
622b, and each suction hole 6202b is further provided
with a suction pipe 625b correspondingly. When the initial
low-temperature medium F0 is guided into the constric-
tion section 621 of the Venturi mixer 62b, under the action
of the pressure difference, the low-temperature medium
Fi in the inner tank 1 can be guided into the throat section
622b through the suction pipes 625b, and is mixed with
the initial low-temperature medium Fi, and the mixed low-
temperature medium Fm is guided to the next process.
[0052] In some other not shown embodiments, the suc-
tion pipes 625b may also be removed, and the low-tem-
perature medium Fi in the inner tank 1 is directly sucked
through the suction hole 6202b on the outer peripheral
wall of the throat section 622b. In addition, for the struc-
ture of the first Venturi mixer 62 in the above-mentioned
embodiment, a suction pipe may also be added at the
suction hole 6202 of the suction cavity 624. Similarly, a
suction pipe may also be added at the suction hole 6712
of the second Venturi mixer 671.
[0053] Based on the above description, when the cry-
ogenic full containment storage tank in each embodiment
of the present disclosure is in normal operation, the low-
temperature medium is outputted through the pump col-
umn 4 under the power of the submersible pump 5. Ac-
cording to the minimum operable liquid level required to
start and maintain the operation of the submersible pump
5, the submersible pump 5 can reduce the liquid level in
the cryogenic full containment storage tank to the mini-
mum position L1 shown in FIG. 1 and FIG. 3. According
to the requirements of the general submersible pump 5
in the prior art, L1 is roughly about 1.2 m. When the liquid
level in the cryogenic full containment storage tank drops
to L1, the submersible pump 5 is stopped. If it is neces-
sary to further extract the low-temperature medium from
the inner tank 1, the material extraction device 6/6a is
adopted to carry out the extraction, and the material ex-
traction device 6/6a continuously extracts the low-tem-
perature medium at the bottom of the inner tank 1 ac-
cording to the working principle described above, until
the liquid level drops to the first Venturi mixer 62, and the
liquid level in this circumstance is located at L2. The L2
may be approximately 0.2 m to 0.3 m. Compared to the
1.2 m of L1, the liquid level in the inner tank 1 may be
reduced by about 1m, which significantly reduces the in-
effective volume of the cryogenic full containment stor-
age tank, and improves the volume utilization rate of the

cryogenic full containment storage tank.
[0054] In this cryogenic full containment storage tank,
the power part and the control part of the material extrac-
tion device 6/6a are arranged outside the outer tank 2.
Except that the Venturi mixer 62/671/62b and the pipeline
part need to be immersed in the low-temperature medi-
um, no other equipment or cables are immersed in the
low-temperature medium, and the components in the
tank can achieve maintenance-free operation throughout
the life of the tank. It is worth mentioning that when the
liquid level of the cryogenic full containment storage tank
is higher than L1, the material circulation tank 61/61a of
the material extraction device 6/6a may not store the low-
temperature medium. When it is required to extract the
low liquid level medium, the material circulation tank
61/61a may be filled with a certain amount of low-tem-
perature medium as the initial power medium.
[0055] Although the present disclosure has been de-
scribed with reference to several exemplary embodi-
ments, it should be understood that the terminology used
is used for description and illustration, and not for limita-
tion. Since the present disclosure can be embodied in
many forms without departing from the spirit or essence
of the disclosure, it should be understood that the above-
described embodiments are not limited to any of the fore-
going details, but are to be construed broadly within the
spirit and scope defined by the appended claims. There-
fore, all changes and modifications that come within the
scope of the claims or their equivalents should be cov-
ered by the appended claims.

Claims

1. A cryogenic full containment storage tank having a
low liquid level material extraction device, compris-
ing:

an inner tank;
an outer tank surrounding a periphery of the in-
ner tank;
an operation platform arranged on a top of the
outer tank; and
a material extraction device capable of extract-
ing low liquid level material, comprising:

a material circulation tank arranged on the
operation platform, which is configured to
contain low-temperature medium;
a first Venturi mixer arranged at a bottom of
the inner tank, wherein two ends of the first
Venturi mixer are respectively an inlet and
an outlet, and an outer periphery of the first
Venturi mixer is provided with a suction
hole;
an inlet pipeline connected an outlet of the
material circulation tank to the inlet of the
first Venturi mixer;
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an outlet pipeline connected the outlet of
the first Venturi mixer to an inlet of the ma-
terial circulation tank; and
a cryopump, arranged on the operation plat-
form, and connected to the inlet pipeline;

wherein while performing a medium extraction,
the low-temperature medium in the material cir-
culation tank enters the first Venturi mixer
through the cryopump and the inlet pipeline, so
that the low-temperature medium in the inner
tank is capable of entering the first Venturi mixer
through the suction hole under an action of a
pressure difference, and entering the material
circulation tank through the outlet pipeline after
mixing.

2. The cryogenic full containment storage tank accord-
ing to claim 1, wherein the first Venturi mixer com-
prises a constriction section, a throat section and a
diffusion section connected in sequence, wherein a
large-end opening of the constriction section is con-
figured as the inlet of the first Venturi mixer, and is
connected to the inlet pipeline, wherein a large-end
opening of the diffusion section is configured as the
outlet of the first Venturi mixer, and is connected to
the outlet pipeline, wherein two ends of the throat
section are respectively connected to a small-end
opening of the constriction section and a small-end
opening of the diffusion section, wherein the suction
hole is opened corresponding to an outer periphery
of the throat section, and is communicated with an
interior of the throat section, and wherein the first
Venturi mixer is placed horizontally in the inner tank.

3. The cryogenic full containment storage tank accord-
ing to claim 2, wherein the first Venturi mixer further
comprises a suction cavity arranged around the out-
er periphery of the throat section and communicated
with the interior of the throat section, wherein two
ends of the suction cavity are respectively connected
to an outer wall of the constriction section and an
outer wall of the diffusion section, wherein the suc-
tion hole is opened on an outer peripheral wall of the
suction cavity.

4. The cryogenic full containment storage tank accord-
ing to claim 2, wherein the suction hole of the first
Venturi mixer is opened on an outer peripheral wall
of the throat section,
wherein the first Venturi mixer further comprises a
suction pipe correspondingly arranged at the suction
hole, and the suction pipe is communicated with an
interior of the inner tank.

5. The cryogenic full containment storage tank accord-
ing to claim 1, wherein the material circulation tank
is further provided with a medium output port for out-

putting the low-temperature medium to the outside,
and a liquid level control mechanism is provided to
control an opening and closing of the medium output
port when a preset liquid level is reached, and the
preset liquid level is higher than a liquid level required
for an operation of the cryopump during medium ex-
traction.

6. The cryogenic full containment storage tank accord-
ing to claim 5, wherein the liquid level control mech-
anism is an overflow weir arranged in the material
circulation tank, wherein an outlet of the material cir-
culation tank is communicated with an inner space
of the overflow weir, and the medium output port is
communicated with an outer space of the overflow
weir.

7. The cryogenic full containment storage tank accord-
ing to claim 5, wherein the liquid level control mech-
anism is an overflow port arranged on a side wall of
the material circulation tank, wherein a height of the
overflow port is higher than the outlet of the material
circulation tank, and the overflow port is communi-
cated with the medium output port.

8. The cryogenic full containment storage tank accord-
ing to claim 5, wherein the liquid level control mech-
anism comprises an electrically connected liquid lev-
el gauge and a valve, wherein the liquid level gauge
is configured to detect a liquid level in the material
circulation tank, and the valve is correspondingly ar-
ranged at the medium output port.

9. The cryogenic full containment storage tank accord-
ing to claim 1, wherein the inlet pipeline is provided
with a control valve to adjust a flow rate in the inlet
pipeline, the control valve is located outside the outer
tank, and the cryopump is located between the ma-
terial circulation tank and the control valve.

10. The cryogenic full containment storage tank accord-
ing to claim 1, wherein the material extraction device
further comprises a pressurizing unit, which is ar-
ranged on the outlet pipeline to increase a power for
the low-temperature medium to flow to the material
circulation tank.

11. The cryogenic full containment storage tank accord-
ing to claim 10, wherein the pressurizing unit com-
prises:

a second Venturi mixer, a suction hole and an
outlet of which are connected in series to the
outlet pipeline;
a pressurizing inlet pipeline, connected an inlet
of the second Venturi mixer to the outlet of the
material circulation tank; and
a pressurizing control valve, arranged on the
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pressurizing inlet pipeline to adjust a flow rate
in the pressurizing inlet pipeline.
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