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Introduction

During the strategic deployment of bridging the gap between eastern and western
regions in computing resources, the data center is evolving from high-speed to high-
quality development. An extremely significant part is to reduce energy consumption
during operation and improve energy efficiency. As a gist for evaluating energy efficiency
and a means of implementing energy-saving supervision, energy measurement is a
powerful support and guarantee for achieving carbon peak and carbon neutrality
goals (Zhao et al, 2021) and promoting the development of green energy (Wan,
2022). Fluid energy accounts for a large proportion in the energy structure, such as
natural gas, steam, and crude oil. Among them, the proportion of natural gas in the
primary energy structure continues to rise (Chang, 2019) in recent years. According to the
“Statistical Review of World Energy”, in 2021, the natural gas demand exceeds four trillion
m? in the whole world, with a growth rate per annum of 4.8% and an average annual
growth rate of 2.2% in the past decade (BP Group, 2022). Especially, Chinese natural gas
supply and demand gap reached 167.3 billion m® and its foreign dependence reached
44.9%. It is a challenge to ensure the accuracy of natural gas measurement and the smooth
progress of the natural gas trade. The gas turbine flowmeter has obtained a broad
development space and economic benefits in the international natural gas trading market
(Xiang and Ceng, 2020) because of its high precision, good repeatability, high range ratio,
and convenient maintenance. But researchers still found that there are some questions in
the development of the gas turbine flowmeter. First, the flow parameters of natural gas are
dynamic and diverse (Zhang et al., 2021), which increases the difficulty of tracing the flow
measurement value. Second, the complex structure of gas turbine flowmeter’s
performance is difficult to optimize. Furthermore, how to improve the measurement
accuracy of small flow has always been a research difficulty. Finally, people often
misunderstand the internal flow field because the numerical simulation flow-structure
interaction of the gas turbine flowmeter is not accurate enough. This study mainly clarifies
the aforementioned problems and puts forward some perspectives on the research of gas
turbine flowmeters.
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FIGURE 1

Flow rate measurement of gas turbine flowmeter: (A) Physical model of a gas turbine flowmeter, (B) K-Q curve of the gas turbine flowmeter, (C)
bell jar—type gas flow standard device, (D) standard meter method flow standard device, and (E) sonic nozzle method gas flow standard devices.

Flowrate measurement of gas turbine
flowmeter

The structure of a gas turbine flowmeter mainly consists of a
front rectifier, impeller, rear deflector, flow totalizer, and so on,
which is illustrated in Figure 1A. During the measurement
process, the natural gas pushes the impeller blades to rotate,
and the rotation of the impeller will periodically change the
magnetoresistance value of the magneto electric converter and
generate an electric pulse signal. The signal will converse an
analog current to obtain the instantaneous flow value and then
the pulse signal is sent to the flow integrator to obtain the
cumulative flow value. In the aforementioned processes, the
gas turbine flowmeter must overcome many resistances, such
as impeller resistance torque, shaft friction torque, and magnetic
resistance torque (Thompson and Grey, 1970). Especially, the
influence of these resistances is obvious when measuring a small
flow (Nie et al,, 2018) that will make errors, as shown in
Figure 1B. Moreover, the measurement effect of the gas
turbine flowmeter will also be affected by the fluid motion
state and velocity distribution (Huang, et al., 2016). Therefore,
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people usually use the flow standard device to achieve the
magnitude calibration to verify the measurement of the gas
turbine flowmeter under various working conditions.

The commonly used flow standard devices (Figure 1C-E)
include the sonic nozzle method gas flow standard device (Jiang,
et al,, 2021), bell jar-type gas flow standard device (Yang and
Peng, 2021), and standard meter method flow standard device
(Yu and Jian, 2022). The working principle of the first two flow
standard devices is different from the gas turbine flowmeter,
which cannot reflect the dynamic parameters of natural gas truly.
As for the standard meter method flow standard device, the
accuracy demand of the standard flowmeter is high in the
verification of a high-precision gas turbine flowmeter, which
increases the difficulty of the device assembly. For tracing the
dynamic value of state and physical parameters of natural gas
under actual operating conditions, the actual flow calibration
(Gao, et al., 2014) is much account of. To be specific, the high-
pressure piston prover (HPPP) method can trace the
measurement value to the national length and time
benchmark (Yan, et al, 2019); the mass—time (MT) method
(Li, et al., 2014) can trace the measurement value to the national
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quality and time benchmark; and the p.V.T.t method (Wang,
et al, 2021) can calculate the gas mass flow according to the
pressure, volume, temperature, and time and complete the
traceability of quantity value. Nevertheless, this research was
carried out late in China due to technology, process, and other
factors. It is important to transfer the quantity value to the
standard device by using the gas turbine flowmeter in the future.

Relationship between performance
and structure of the gas turbine
flowmeter

In the current study, the performance of the gas turbine
flowmeter is mainly assessed by linearity error, repeatability
error, and pressure loss (Li et al, 2008). The linearity error
and repeatability error can be calculated by the instrument
coefficient. Both the instrument coefficient and pressure loss
are significantly affected by the physical structure of the gas
turbine flowmeter. Therefore, many researchers focus on
optimizing the structure of a gas turbine flowmeter to reduce
the pressure loss and make the instrument coefficient more
stable.

The structure optimization of the gas turbine flowmeter
mainly focuses on the front rectifier, impeller, and rear
deflector. Research shows that in the part of the front rectifier,
increasing its length can effectively improve flow field
uniformity, reduce the linear error, repeatability error, and
pressure loss, and shorten the front rectifier blade can
improve the performance furthermore (Sun, et al, 2016).
Moreover, the linearity error of the instrument coefficient will
be reduced by changing the inflow angle, axial width, and
coincidence degree of the blade (Sun, et al., 2022). As for the
rear deflector, prolonging the length and position of the rear
deflector vane can smooth the flow channel shape, to achieve the
effect that the fluid decelerated and pressurized first and then
diverted and significantly improved the stability of the
instrument coefficient (Shao, et al., 2022).

To sum up, scholars have studied various structures of gas
turbine flowmeters, but they only conducted qualitative research
on structural design. As for how to obtain the optimal solution on
the structural data, there is, no one can give a quantitative answer.
With the development and popularization of machine learning
algorithms, artificial intelligence can help people find the optimal
structural design scheme, which will be the research focus in the
design of gas turbine flowmeters in the future.

Simulation of a gas turbine flowmeter

For saving experimental resources and working time,
people often predict the start-up flow and pressure loss by
using the numerical simulation method (Liu and Yan, 2016).
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The commonly used numerical simulation module is the
moving reference frame module (MRF), which is often used
for CFD simulation of translation and rotation equipment.
However, with the progress of the times, the accuracy of MRF
cannot meet the requirements of our people, and the
numerical simulation of fluid-structure in a passive mesh is
becoming more popular (Pei, 2015). In fact, the passive mesh
is difficult to converge and takes a long time in practical
applications, people often optimized the grid generation
technology, such as moving mesh generation technology,
overlapping mesh generation technology, and adaptive
mesh generation technology (Meng, et al, 2022) (Hong,
et al,, 2020) for fear of waste of times. The complex grid
generation method needs to consume vast computing
resources. scholars  have and

Therefore, designed

implemented an Open Source Field Operation and
Manipulation (OpenFOAM) grid generation server for a
cloud computing environment to improve the efficiency of
grid computing (Gao et al., 2022).

After mesh generation, the fluid motion is theoretically
described by the Naiver-Stokes equation, but the analytical
solution of the equation can be obtained only in a few cases for
the non-linear conditions caused by the flow term (Tong,
et al, 2016). Recently, a new research paradigm of fluid
mechanics emerged with the development of artificial
intelligence, which can select the grid input features or
design the grid architecture based on the laws of fluid
physics, called the physics-inspired deep learning method
(Jin, et al., 2021). Scholars have found that this method can
solve difficult problems in complex flows. For examples, the
hydraulic simulation model of verification station constructed
based on a BP neural network can better simulate the real flow
state of the station while ensuring the calculation speed (Wen
et al,, 2021). The subgrid-scale (SGS) stress in large Eddy
simulation (LES) is improved by artificial neural network-
based non-linear algebraic models and obtains a high accuracy
(Xie, Yuan, et al., 2020). Nevertheless, this method has not
been widely used in the research of gas turbine flowmeters. In
future research, applying the physics-inspired deep learning
method to the gas turbine flowmeter and combining a gas
turbine flowmeter with multidisciplinary will become a great
challenge for contemporary scholars.

Challenges

From before, the development of the Chinese gas turbine
flowmeter has faced the following main challenges:

1) Improving the ability of China’s natural gas measurement
traceability and the sound measurement standard system by
developing the gas turbine flowmeter as the working level
standard device for the transfer of the value of the function.
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2) There is still a lot of space for the development of gas turbine
flowmeter structure optimization, such as using deep learning
methods to better

optimization scheme.

determine the optimal structure

3) Keeping the instrument coefficient stable in the small flow
range is still a big problem, maybe can find a solution from
each moment of resistance.

4) It is difficult to improve the accuracy of the numerical
simulation results of gas turbine flowmeter and develop
new algorithms for computational fluid dynamics. For
example, how to use neural networks to incorporate the
non-linear terms in the fluid motion process into the

numerical simulation still needs people to research.

Conclusion

As the mainstream device of natural gas measurement, the
gas turbine flowmeter plays a significant role in the field of energy
measurement. Recently, the research on gas turbine flowmeters
mainly through the methods of experiment and simulation to
improve the metering performance of gas turbine flowmeters. As
for the experimentation, people continuously improve the
original standard device of measurement to reach the quantity
traceability of natural gas. In the aspect of simulation, the
traditional stand-alone numerical simulation is changed into
the ‘cloud + end’ platform mode to improve the simulation
efficiency, and the algorithm formula is optimized through the
deep learning method to improve the simulation accuracy. The
structure of the gas turbine flowmeter is analyzed and optimized
to improve its performance by combining the experiment and
simulation. A more perfect measurement standard system needs
to be established in the future to guarantee a reasonable, fair, and
just natural gas measurement. In addition, the machine learning
algorithm is used to improve the structure of the gas turbine
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