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simulated flow field. Determining whether to turn on the
differential pressure sensors according to a predetermination
based on a feedback from the pressure sensors, allows flow
field measurements in the reactor under both high and low
pressure differences.
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1
FLOW FIELD MEASUREMENT DEVICE
AND METHOD FOR SCALE MODEL OF
NATURAL GAS HYDRATE RESERVOIR

CROSS REFERENCE TO THE RELATED
APPLICATIONS

This application is the national stage entry of International
Application No. PCT/CN2020/114080, filed on Sep. 8,
2020, which is based upon and claims priority to Chinese
Patent Application No. 202010783619.X, filed on Aug. 6,
2020, the entire contents of which are incorporated herein by
reference.

TECHNICAL FIELD

The present invention relates to experimental simulation
technology, and particularly relates to flow field measure-
ment device and method for scale model of natural gas
hydrate reservoir.

BACKGROUND

The field measurements in an experimental system for
studying natural gas hydrates generally involve temperature
field, pressure field, and flow field. For temperature field,
perfect real-time measurement has been realized by arrang-
ing a large number of temperature sensors. For pressure
field, the real-time measurement of pressure field of an entire
reactor could be realized by providing a pressure sensor at
the inlet and outlet of the reactor respectively. Meanwhile, it
has been difficult to realize the measurement of flow field.
For example, patent literature CN102305052A disclosed a
device and a method for three-dimensional multi-well
exploitation experiment of natural gas hydrate.

Most experimental systems for studying natural gas
hydrates are small in scale, and therefore the flow field
measurement is meaningless and also difficult to realize.
Though the flow filed measurement is useful and necessary
for large-scale experimental systems for studying natural gas
hydrate, it is still difficult to realize. At present, devices for
measuring flow field are mostly designed to allow visual
inspection, such as providing optical generators in combi-
nation with cameras or disposing visual units such as sight
glasses, for observing or filming the change of flow field and
thereby realize the measurement of flow field. However,
natural gas hydrates are mostly accumulated in porous
media, wherein use of sight glasses only enables observation
of the porous media, while it is difficult to send a camera
deep into a reactor and film in the environment inside the
reactor. It is impossible to effectively observe or measure the
flow field in the reactor by these means.

SUMMARY

One object of the present invention is to overcome the
above deficiency of prior art technology, by providing a
device and a method for flow field measurement in a natural
gas hydrate experimental system, which realizes a real-time
measurement of flow filed in a reactor.

In order to realize the above object, the technical solution
of the present invention comprises the following aspects.

A first aspect of the present invention is to provide a flow
field measurement device for a natural gas hydrate experi-
mental system, wherein the natural gas hydrate experimental
system comprises a reactor; the reactor is divided into a
plurality of layers from top to bottom for simulating a
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hydrate reservoir; a plurality of vertical wells are disposed
throughout each layer, including one central vertical well
located at center and non-central vertical wells being the
remainders; the flow field measurement device comprises
non-central vertical well pressure sensors, non-central ver-
tical well outlet valves, communicating vessel valves, dif-
ferential pressure sensors, a communicating vessel, a central
vertical well outlet valve, and a central vertical well pressure
sensor; wherein,

the non-central vertical well pressure sensors, the non-
central vertical well outlet valves, the differential pressure
sensors, and the communicating vessel valves are respec-
tively provided in an amount identical to that of the non-
central vertical wells; each of the non-central vertical well is
provided with a non-central vertical well outlet pipeline,
wherein each non-central vertical well outlet pipeline is
correspondingly provided with one of the non-central ver-
tical well pressure sensors, one of the non-central vertical
well outlet valves, one of the differential pressure sensors,
and one of the communicating vessel valves communicat-
edly in sequence, and all of the communicating vessel valves
are connected with the communicating vessel;

the central vertical well is provided with a central vertical
well outlet pipeline, wherein the central vertical well outlet
pipeline is provided with the central vertical well pressure
sensor and the central vertical well outlet valve communi-
catedly in sequence, and the central vertical well outlet valve
is connected with the communicating vessel.

Furthermore, the flow field measurement device for the
natural gas hydrate experimental system comprises a display
terminal, wherein a data output of each of the non-central
vertical well pressure sensors, the central vertical well
pressure sensor, and the differential pressure sensors is
connected to the display terminal.

Furthermore, the differential pressure sensors and the
communicating vessel are disposed outside the reactor.

Furthermore, the differential pressure sensors have a
measuring accuracy higher than that of the non-central
vertical well pressure sensors, and a measuring range lower
than that of the non-central vertical well pressure sensors.

Furthermore, the display terminal is a computer, a tablet
computer, or a mobile phone.

Furthermore, the reactor is divided into three layers from
top to bottom, and nine vertical wells are evenly disposed
throughout each layer.

Furthermore, the communicating vessel is provided with
a communicating vessel pressure sensor and a gas injection
valve.

A second aspect of the present invention is to provide a
flow field measurement method for a natural gas hydrate
experimental system, which is conducted using the above-
mentioned flow field measurement device, comprising the
following steps:

when it is necessary to inspect a flow field in the reactor,

recording readings of all the non-central vertical well
pressure sensors and the central vertical well pressure
sensor to obtain a pressure difference between each
vertical well and the central vertical well, and compar-
ing the obtained pressure difference with a measuring
range of the differential pressure sensor; if the obtained
pressure difference is higher than the measuring range
of the differential pressure sensor, then the obtained
pressure difference is determined to be a pressure
difference between the non-central vertical well corre-
sponding to the differential pressure sensor and the
central vertical well; if the obtained pressure difference
is not higher than the measuring range of the differen-
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tial pressure sensor, then opening the non-central ver-
tical well outlet valve and the communicating vessel
valve which are connected to the differential pressure
sensor, and measuring the pressure difference between
the corresponding non-central vertical well and the
central vertical well using the differential pressure
sensor.

Furthermore, the method comprises the following steps of
testing the differential pressure sensors using the gas injec-
tion valve:

closing the non-central vertical well outlet valves, such
that the differential pressure sensors show a same
reading at their ends connected to the non-central
vertical well outlet valves;

connecting the gas injection valve of the communicating
vessel to a gas cylinder with a given pressure lower
than the measuring range of the differential pressure
sensors; opening the communicating vessel valves, and
opening a valve of the gas cylinder, recording readings
of the differential pressure sensors, and determining
based on the recorded readings of the differential
pressure sensors whether the differential pressure sen-
sors require replacement or repair.

A third aspect of the present invention is to provide
another flow field measurement method for a natural gas
hydrate experimental system, wherein the natural gas
hydrate experimental system comprises a reactor, the reactor
is divided into a plurality of layers from top to bottom for
simulating a hydrate reservoir, and a plurality of vertical
wells are disposed throughout each layer, including one
central vertical well located at center and non-central ver-
tical wells being the remainders; the method comprises the
following steps:

connecting a measuring point of the central vertical well
to a measuring point of each of the non-central vertical
wells with a differential pressure sensor respectively,
performing pressure measurements in a three-dimen-
sional space inside the reactor, quantifying a flow field
inside the reactor according to pressure differences
between the points to analyze gas-liquid flow trends in
the reactor.

Compared with the prior art, the present invention has the

following advantages:

With the flow field measurement device, the flow field
inside the reactor is quantified according to the pressure
differences between the points, accurately and effec-
tively. Providing differential pressure sensors, between
a measuring point of the central vertical well and a
measuring point of each of the non-central vertical
wells, to measure the pressure differences, enables
reasonable distribution of three-dimensional space
inside the entire reactor, making it easier to analyze the
gas-liquid flow trends in the reactor with the simulated
flow field. The step of determining whether to turn on
the differential pressure sensors according to a prede-
termination based on the feedback from the pressure
sensors, allows flow field measurements in the reactor
under both high and low pressure differences and
effective protection of the differential pressure sensors.
Meanwhile, since communication of the entire mea-
surement device is realized by the vertical well outlet
pipelines, the measurement device can be externally
connected to the reactor, in other words, the differential
pressure sensors and the communicating vessel can be
disposed outside the reactor. Thus, it is not necessary to
conduct significant modifications to the entire gas
hydrate system, and no damage will be done to the
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experimental devices; for a natural gas hydrate experi-
mental system without flow field measurement func-
tion, it is possible to introduce the present device
whenever it is required.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the distribution of wells in the natural gas
hydrate experimental system.

FIG. 2 shows the composition of the flow field measure-
ment device.

FIG. 3 shows the internal structure of the reactor.

Reference signs: 1—central vertical well outlet pipeline;
2——central vertical well pressure sensor; 3—central vertical
well outlet valve; 4—communicating vessel; 5—non-central
vertical well outlet pipeline; 6—non-central vertical well
pressure sensor; 7—non-central vertical well outlet valve;
8—differential pressure sensor; 9—communicating vessel
valve; 10—communicating vessel pressure sensor; 11—gas
injection valve; 20—reactor; 200—reactor body; 201—
upper cover; 202—lower cover; 203—upper circulation
coil; 204—lower circulation coil; 205—temperature control
pipe; 206—bolt.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

In the description of the present invention, it should be
noted that, unless otherwise clearly specified and limited, the
terms such as “provide” and “connect” should be understood
in a broad sense; for example, a connection can be a fixed
connection, a detachable connection, or an integration con-
nection, it can also be a mechanical connection, an electrical
connection, or a signal connection, and it can also be a direct
connection, an indirect connection through an intermediate
medium, or an internal connection between two compo-
nents. For those of ordinary skill in the art, the specific
meaning of the above terms in the present invention should
be understood depending on specific circumstances. The
technical solution of the present invention will be further
described below in combination with the drawings and
embodiments.

Reference is made to FIG. 1 that there are twenty-seven
vertical wells disposed inside the reactor of the natural gas
hydrate experimental system of the present embodiments,
and the natural gas hydrate reservoir is divided into three
layers, wherein nine vertical wells are symmetrically dis-
tributed throughout each layer. The wells are respectively
numbered as 1-A, 2-A, . . ., 9-B, and 9-C, wherein the
vertical well 9-B located at center is a central vertical well,
while the remaining vertical wells are non-central vertical
wells.

As shown in FIG. 2, the flow field measurement device
provided in the present embodiment mainly comprises non-
central vertical well pressure sensors 6, non-central vertical
well outlet valves 7, communicating vessel valves 9, differ-
ential pressure sensors 8, a communicating vessel 4, a
central vertical well outlet valve 3, and a central vertical well
pressure sensor 2.

The non-central vertical well pressure sensors 6, the
non-central vertical well outlet valves 7, the differential
pressure sensors 8, and the communicating vessel valves 9
are respectively provided in an amount identical to that of
the non-central vertical wells. All non-central vertical well
outlet pipelines 5, except for the vertical well 9-B, are
respectively connected to a non-central vertical well pres-
sure sensor 6, a non-central vertical well outlet valve 7, and
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one end of a differential pressure sensor 8 in sequence. The
other end of the differential pressure sensor 8 is connected
to a communicating vessel valve 9. All of the communicat-
ing vessel valves 9 are connected with the communicating
vessel 4. The other end of the communicating vessel 5 is
connected to the central vertical well outlet valve 3, the
central vertical well pressure sensor 2, and a central vertical
well outlet pipeline 1.

The twenty-six differential pressure sensors are respec-
tively numbered as Al, B1, C1, A2, . . ., A9, and C9,
representing the differential pressure sensor connecting the
well 1-A and well 9-B, the differential pressure sensor
connecting the well 1-B and well 9-B, . . . , the differential
pressure sensor connecting the well 9-A and well 9-B, and
the differential pressure sensor connecting the well 9-C and
well 9-B. Specifically, the differential pressure sensors 8
have a measuring accuracy higher than that of the central
vertical well pressure sensor 2 and non-central vertical well
pressure sensors 6, and a measuring range lower than that of
the central vertical well pressure sensor 2 and non-central
vertical well pressure sensors 6. Since the pressure sensors
are not applicable for low pressure differences due to their
low measuring accuracy while the differential pressure sen-
sors 8 have a higher measuring accuracy, when the pressure
difference is relatively low, the pressure sensors may show
the same readings while the differential pressure sensors is
capable of revealing the pressure difference; when the
pressure difference is relatively high and exceed the mea-
suring range of the differential pressure sensors, the differ-
ential pressure sensors may be damaged. In summary, the
differential pressure sensors have a high accuracy but a low
measuring range, while the pressure sensors have a high
measuring range but a low accuracy, and thus these two
kinds of sensors should be used in combination.

Accordingly, when it is necessary to inspect a flow field
in the reactor, the first step is recording readings of the
twenty-seven pressure sensors to obtain a pressure differ-
ence between each vertical well and the central vertical well,
and then comparing the obtained pressure difference with a
measuring range of the differential pressure sensor; if the
obtained pressure difference is higher than the measuring
range of the differential pressure sensor, then the obtained
pressure difference is determined to be a pressure difference
between the non-central vertical well corresponding to the
differential pressure sensor and the central vertical well; if
the obtained pressure difference is not higher than the
measuring range of the differential pressure sensor, then
opening the non-central vertical well outlet valve and the
communicating vessel valve which are connected to the
differential pressure sensor, and measuring the pressure
difference between the corresponding non-central vertical
well and the central vertical well using the differential
pressure sensor. Driven by the pressure differences, gas and
liquid will flow spontaneously from a high pressure zone to
a low pressure zone (or tend to flow spontaneously from the
high pressure zone to the low pressure zone), in other words,
the accurate measurement of flow field in the reactor is
realized.

In view of the above, with the flow field measurement
device, the flow field inside the reactor is quantified accord-
ing to the pressure differences between the points, accurately
and effectively. Providing differential pressure sensors,
between a measuring point of the central vertical well and a
measuring point of each of the non-central vertical wells, to
measure the pressure differences, enables reasonable distri-
bution of three-dimensional space inside the entire reactor,
making it easier to analyze the gas-liquid flow trends in the
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reactor with the simulated flow field. The step of determin-
ing whether to turn on the differential pressure sensors
according to a predetermination based on the feedback from
the pressure sensors, allows flow field measurements in the
reactor under both high and low pressure differences and
effective protection of the differential pressure sensors.
Meanwhile, since communication of the entire measurement
device is realized by the vertical well outlet pipelines, the
measurement device can be externally connected to the
reactor, in other words, the differential pressure sensors and
the communicating vessel can be disposed outside the
reactor. Thus, it is not necessary to conduct significant
modifications to the entire gas hydrate system, and no
damage will be done to the experimental devices; for a
natural gas hydrate experimental system without flow field
measurement function, it is possible to introduce the present
device whenever it is required.

As one preferred embodiment, the flow field measurement
device further comprises a display terminal, wherein a data
output of each of the non-central vertical well pressure
sensors 6, the central vertical well pressure sensor 2, and the
differential pressure sensors 8 is connected to the display
terminal. With such configuration, the display terminal
enables the real-time display of the recorded data, so as to
realize the real-time measurements of flow field in the
reactor. Specifically, the display terminal is a computer, a
tablet computer, or a mobile phone, and in the present
embodiment, it is a computer.

As another preferred embodiment, the communicating
vessel 4 is further provided with a communicating vessel
pressure sensor 11 and a gas injection valve 12. Such
configuration allows testing the differential pressure sensors
8 using the gas injection valve 12. The method are as
follows: closing the non-central vertical well outlet valves,
such that the differential pressure sensors show a same
reading at their ends connected to the non-central vertical
well outlet valves; connecting the gas injection valve of the
communicating vessel to a gas cylinder with a given pres-
sure lower than the measuring range of the differential
pressure sensors; opening the communicating vessel valves,
and opening a valve of the gas cylinder, and recording
readings of the differential pressure sensors. Normally, the
readings of the differential pressure sensors should be iden-
tical; a differential pressure sensor that shows no reading or
a significantly different reading requires replacement or
repair.

In view of the above, the flow field measurement device
of the present embodiment, compare with the prior art, has
the following technical advantages:

(1) The pressure sensors and the differential pressure
sensors are connected to the computer, which realizes
the real-time measurements of flow field in the reactor.

(2) The flow field inside the reactor is quantified accord-
ing to the pressure differences between the points in the
reactor, accurately and effectively.

(3) Providing differential pressure sensors, between a
measuring point of the central vertical well and a
measuring point of each of the non-central vertical
wells, to measure the pressure differences, enables
reasonable distribution of three-dimensional space
inside the entire reactor, making it easier to analyze the
gas-liquid flow trends in the reactor with the simulated
flow field.

(4) The step of determining whether to turn on the
differential pressure sensors according to a predetermi-
nation based on the feedback from the pressure sensors,
allows flow field measurements in the reactor under
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both high and low pressure differences and effective
protection of the differential pressure sensors.

(5) The differential pressure sensors are externally dis-
posed for flow field measurements in the reactor; such
design will not affect the natural gas hydrate experi-
ment.

(6) It is not necessary to conduct significant modifications
to the entire gas hydrate system, and no damage will be
done to the experimental devices; for a natural gas
hydrate experimental system without flow field mea-
surement function, it is possible to introduce the pres-
ent device whenever it is required.

(7) Design of the communicating vessel allows testing the
differential pressure sensors regardless of the natural
gas hydrate experimental system, and thereby the
operation is simple, safe, and reliable.

In addition, since currently existing natural gas hydrate
experimental devices are constructed, as compared with
actual formation environment, in a scale not enough to
present a temperature gradient, most reactors are configured
to be disposed in a constant temperature water bath. How-
ever, in actual exploitation, natural gas hydrate reservoirs are
affected by the temperature of the formation, and there will
be certain temperature differences and temperature gradient
as the temperature changes with depth. The temperature
gradient will have a certain impact on the formation and
exploitation of natural gas hydrates, resulting in a higher
requirement, for simulating the formation temperature gra-
dient, on large-scale natural gas hydrate devices which
operate in a situation closer to the actual exploitation; how
to accurately regulate the temperature gradient to realize the
in-situ temperature field simulation of NGH reservoir is a
technical problem to be solved at present.

Accordingly, as shown in FIG. 3, the reactor 20 comprises
a reactor body 200, an upper cover 201 disposed at an upper
surface of the reactor body 200, and a lower cover 202
disposed at a lower surface of the reactor body 200. The
connection between the reactor body 200 and the upper and
lower covers are realized by means of bolts 206, such that
the connection is stable, firm, safe and reliable.

An upper circulation coil 203 and a lower circulation coil
204 are respectively disposed at an upper end and a lower
end inside the reactor body 200. The upper circulation coil
203 and the lower circulation coil 204 are respectively
provided with an independent heat exchange device (not
shown in the drawing) to realize the circulation of the heat
transfer medium in the coils. The heat exchange devices are
capable of cooling, heating, and maintaining temperature.
With the upper circulation coil 203 and the lower circulation
coil 204, isothermal planes are formed at the upper end and
the lower end inside the reactor body 200. However, with the
isothermal planes formed at the upper end and the lower end
inside the reactor body only, since heat insulation at the
periphery of the reactor is not realized, under the influence
of'thermal convection, the temperature will be high through-
out most of the space from bottom to top, making it
impossible to form a balanced temperature gradient, and
therefore failing to simulate the temperature gradient
throughout the formation. Accordingly, in the present
embodiment, N temperature control pipes 205 are spacedly
provided inside the reactor body 200 and between the upper
circulation coil 203 and the lower circulation coil 204,
configured to form a vertical temperature gradient in the
reactor body 200, wherein N is a positive integer and
determined depending on actual requirement. In the present
invention, N is 3, i.e., three temperature control pipes 205
are provided, and each temperature control pipe 205 is also
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provided with an independent heat exchange device to
realize the circulation of the heat transfer medium in the
temperature control pipe.

The configuration of providing the upper circulation coil
and the lower circulation coil at the upper and lower ends
inside the reactor body realizes stable heating. N tempera-
ture control pipes are spacedly provided between the upper
circulation coil and the lower circulation coil and encircling
the reactor body; moreover, each temperature control pipe is
also provided with an independent heat exchange device to
realize the circulation of the heat transfer medium in the
temperature control pipe (i.e., they are also capable of
cooling, heating, and maintaining temperature), such that the
temperature of each temperature control pipe can be regu-
lated independently, realizing the simulation of formation
temperature gradient inside the reactor body.

In addition, since the formation temperature gradually
decreases at a certain gradient from bottom to top, in order
to realize a more precise simulation of formation tempera-
ture gradient, the N temperature control pipes are equally
spaced from bottom to top and a constant temperature
difference is given between the temperature control pipes;
such configuration the arrangement of low temperature zone
to high temperature zone at intervals of the same tempera-
ture difference and distance from top to bottom. Specifically,
the lower circulation coil 204 is set to produce a high
temperature T1, while the upper circulation coil 203 is set to
produce a low temperature T2; N temperature control pipes
205 are provided, wherein the temperature difference
between the temperature control pipes 205 can be expressed
as AT=(T1-T2)/(N+1), i.e., the temperature control pipes
205 from top to bottom are respectively set to produce a
temperature of T2+AT, T2+2AT, . . ., and T2+NAT.

Moreover, in order to maintain the temperature difference
AT between the temperature control pipes stable in real time
so as to achieve the most realistic simulation of the forma-
tion, temperature sensors are provided inside the reactor
body 200, configured to monitor the temperatures of the
upper circulation coil 203, the lower circulation coil 204 and
the N temperature control pipes 205 and transmit the moni-
tored temperature data to a temperature regulator. The
temperature regulator regulates in real time the operation of
each heat exchange device according to the monitored
temperature data, so as to maintain the vertical temperature
gradient in the reactor body stable. Specifically in the
present embodiment, the temperature difference for the
vertical temperature gradient is set to be 5° C., and the
temperature control accuracy is 0.5° C.

The above-mentioned embodiments are only intended to
illustrate the technical concept and characteristics of the
present invention, enabling those of ordinary skill in the art
to understand the content of the present invention and
implement them accordingly, but are not intended to limit
the scope of the present invention. All equivalent changes or
modifications made according to the essence of the present
invention should fall within the scope of the present inven-
tion.

What is claimed is:

1. A flow field measurement device for a natural gas
hydrate system, wherein the natural gas hydrate system
comprises a reactor, wherein the reactor is divided into a
plurality of layers from top to bottom, a plurality of vertical
wells are disposed throughout each layer, the plurality of
vertical wells comprise a central vertical well and non-
central vertical wells, and the central vertical well is located
at a center of the plurality of vertical wells; wherein the flow
field measurement device comprises non-central vertical
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well pressure sensors, non-central vertical well outlet valves,
communicating vessel valves, differential pressure sensors,
a communicating vessel, a central vertical well outlet valve,
and a central vertical well pressure sensor; wherein
the non-central vertical well pressure sensors, the non-
central vertical well outlet valves, the differential pres-
sure sensors, and the communicating vessel valves are
respectively provided in an amount identical to an
amount of the non-central vertical wells; each of the
non-central vertical wells is provided with a non-
central vertical well outlet pipeline, wherein the non-
central vertical well outlet pipeline is correspondingly
provided with one of the non-central vertical well
pressure sensors, one of the non-central vertical well
outlet valves, one of the differential pressure sensors,
and one of the communicating vessel valves commu-
nicatedly in sequence, and all of the communicating
vessel valves are connected with the communicating
vessel;
the central vertical well is provided with a central vertical
well outlet pipeline, wherein the central vertical well
outlet pipeline is provided with the central vertical well
pressure sensor and the central vertical well outlet
valve communicatedly in sequence, and the central
vertical well outlet valve is connected with the com-
municating vessel.
2. The flow field measurement device according to claim
1, wherein the flow field measurement device further com-
prises a display terminal, wherein a data output of each of
the non-central vertical well pressure sensors, the central
vertical well pressure sensor, and the differential pressure
sensors is connected to the display terminal.
3. The flow field measurement device according to claim
2, wherein the display terminal is a computer, a tablet
computer, or a mobile phone.
4. The flow field measurement device according to claim
3, wherein the communicating vessel is provided with a
communicating vessel pressure sensor and a gas injection
valve.
5. The flow field measurement device according to claim
2, wherein the communicating vessel is provided with a
communicating vessel pressure sensor and a gas injection
valve.
6. The flow field measurement device according to claim
1, wherein the differential pressure sensors and the commu-
nicating vessel are disposed outside the reactor.
7. The flow field measurement device according to claim
6, wherein the communicating vessel is provided with a
communicating vessel pressure sensor and a gas injection
valve.
8. The flow field measurement device according to claim
1, wherein the differential pressure sensors have a measuring
accuracy higher than a measuring accuracy of the central
vertical well pressure sensor and a measuring accuracy of
the non-central vertical well pressure sensors, and the dif-
ferential pressure sensors have a measuring range lower than
a measuring range of the central vertical well pressure
sensor and a measuring range of the non-central vertical well
pressure sensors.
9. The flow field measurement device according to claim
8, wherein the communicating vessel is provided with a
communicating vessel pressure sensor and a gas injection
valve.
10. The flow field measurement device according to claim
1, wherein the reactor is divided into three layers from top
to bottom, and nine vertical wells are evenly disposed
throughout each layer.
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11. The flow field measurement device according to claim
10, wherein the communicating vessel is provided with a
communicating vessel pressure sensor and a gas injection
valve.

12. The flow field measurement device according to claim
1, wherein the communicating vessel is provided with a
communicating vessel pressure sensor and a gas injection
valve.

13. A flow field measurement method for a natural gas
hydrate system, wherein the flow field measurement method
is conducted using the flow field measurement device of
claim 12 and comprises the following steps:

recording readings of the non-central vertical well pres-

sure sensors and a reading of the central vertical well
pressure sensor to obtain a pressure difference between
each vertical well and the central vertical well, and
comparing the pressure difference with a measuring
range of the differential pressure sensors; if the pressure
difference is higher than the measuring range of the
differential pressure sensors, then determining the pres-
sure difference to be a pressure difference between the
non-central vertical well corresponding to the differen-
tial pressure sensor and the central vertical well; if the
pressure difference is not higher than the measuring
range of the differential pressure sensors, then opening
the non-central vertical well outlet valve and the com-
municating vessel valve connected to the differential
pressure sensor, and measuring the pressure difference
between the corresponding non-central vertical well
and the central vertical well using the differential
pressure sensor.

14. The flow field measurement method according to
claim 13, wherein the flow field measurement method fur-
ther comprises the following steps of testing the differential
pressure sensors using the gas injection valve:

closing the non-central vertical well outlet valves, such

that the differential pressure sensors show a same
reading at ends of the differential pressure sensors
connected to the non-central vertical well outlet valves;
connecting the gas injection valve of the communicat-
ing vessel to a gas cylinder with a given pressure lower
than the measuring range of the differential pressure
sensors; opening the communicating vessel valves, and
opening a valve of the gas cylinder, recording readings
of the differential pressure sensors, and determining
based on the recorded readings of the differential
pressure sensors whether the differential pressure sen-
sors require replacement or repair.

15. A flow field measurement method for a natural gas
hydrate system, wherein the natural gas hydrate system
comprises a reactor, wherein the reactor is divided into a
plurality of layers from top to bottom, and a plurality of
vertical wells are disposed throughout each layer, the plu-
rality of vertical wells comprise a central vertical well and
non-central vertical wells, and the central vertical well is
located at a center of the plurality of vertical wells; wherein
the flow field measurement method comprises the following
steps: connecting a measuring point of the central vertical
well to a measuring point of each of the non-central vertical
wells with a differential pressure sensor respectively, per-
forming pressure measurements in a three-dimensional
space inside the reactor, quantifying a flow field inside the
reactor according to pressure differences between the mea-
suring point of the central vertical well and the measuring
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point of each of the non-central vertical wells to analyze
gas-liquid flow in the reactor.
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