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Pneumatic components have the explosion-proof, high re-
liability, and pollution-free characteristics, and have been
applied in high-end equipment such as aerospace. With the
pneumatic system technology developing, the quality of
pneumatic components is required improving [1]. High-fre-
quency airflow dynamic characteristics need to be applied in
pneumatic components. The quality and quantity analyses of
gas flow components can provide significant information for
estimating. However, there is not reliable method to de-
termine the flow-rate [2]. This article is going to talk about
the gas flow measurements which can be applied in airflow
characteristics test.
Pan et al. [3] and Xu et al. [4] proposed a method which is

least squares support vector machines (LS-SVM) based on
temperature time series for gas flow measurement. This
method used the non-invasive technique that has sensor in-
stalled outside the pipeline. In other word, the sensor is not
directly connected with gas. The result of the experiment
showed that the time spend on signal collecting can be ef-
fectively decreased without negative influence on the result.
In the contrast, the accuracy of this method was still low
compare to the other invasive flowmeters. However, the
range of estimations and installation guidance can be guar-
antee by this method for permanent flowmeters [3].

Sun et al. [5] and Fan et al. [6] proposed a non-intrusive
and non-invasive method to do the measurement of gas flow
rates. The result of the experiments showed that the mea-

surement method can illustrate the flow rate continuously,
but need to enhance the accuracy of the measurements.
In 2020, a method was mentioned that can obtain the

frequency data of pneumatic system, which was talk about
by Al-Alweet et al. [7]. The significance of the relation be-
tween frequency and statistical parameters was given. By
corresponding the capacitance values and the interrelation
between frequency and statistical parameters, difference of
flow patterns can be obtained.
The experiment of a thermal mass flow meter (TMFM)

which was aiming to perform the steady-state heat transfer
phenomena in the sensors was done by Kim et al. [8] in 2007.
The result of the experiment demonstrated that the simple
numerical model was validated. Moreover, the predicting
correlation of the TMFM linear range was achieved with the
15% relative error.
In 2021, Zhang et al. [9] used the computational fluid

dynamics digital elevation model (CFD-DEM) coupling si-
mulation method to achieve the comparation of the char-
acteristics of gas-solid flow. According to the simulation
results, the conclusions below can be obtained.
(1) With the rotation drill pipe speed increasing, the dis-

tance and velocity of the gas flow increase.
(2) Because of the drill pipe rotation, the mass flow rate of

the particle and the drill pipe solid-gas ratio were less than
ideal.
For the CFD-DEM method running processes are showing

in Figure 1.
In 2020, Li et al. [10] using adaptive combining com-
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plementary ensemble empirical mode decomposition-artifi-
cial neural network (CEEMD-ANN) algorithm in pneumatic
flow pattern identification. The results showed that the ac-
curacy can be guarantee in this way. Moreover, the algorithm
can avoid useless calculation in performing the features of
pneumatic flow pattern, which means the real-time perfor-
mance of the pneumatic flow was enhanced.
In conclusion, there are many methods to obtain the air-

flow characteristics. The method LS-SVM can provide wide
range of gas flow temperature measures. The method based
on TMFM achieved 15% relative error in performing steady-
state heat transfer in sensors. Moreover, CFD-DEM can
provide a comparation to estimate the gas flow. All the
methods mentioned above have their advantages and dis-
advantages. The combination of TMFM and LS-SVM can
increase the accuracy in temperature testing of LS-SVM. The
CFD-DEM coupling simulation can achieve the comparation
of the gas-solid flow, which means the comparation can
provide important information of gas flow for LS-SVM and

TMFM combination. Moreover, CEEMD-ANN algorithm
can be used for avoid useless calculation. In the further study,
the effective combination of these methods should be made
to achieve high-efficiency gas flow characteristics mea-
surements for pneumatic components.
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Figure 1 the CFD-DEM coupling process [7].
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