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ABSTRACT

In order to explore the thermal characteristics of a small nozzle flowmeter in the solid domain when transporting medium with different temperatures,
the steady and transient thermal characteristics of each component of the nozzle flowmeter are calculated based on the finite element method. Results
showed that the numerical calculation method could effectively reveal the internal thermal characteristics. When transporting high temperature
medium, there was an obvious temperature stratification near the inner wall; when the inner wall temperature rose from 50 °C to 700 °C, the heat
flow field at the inlet and outlet of the flowmeter increased significantly with the increase of temperature.

Keywords: Nozzle flowmeter; Numerical calculation; Neat flow; Temperature

1. INTRODUCTION

In modern industry, flow, pressure and temperature field are known as
the three major industrial detection parameters. As the most important
instrument for fluid flow detection, flowmeter is more and more widely
used in modern industry, such as, orifice flowmeter, ultrasonic
flowmeter, differential pressure orifice flowmeter, vortex flowmeter,
etc. Kolodzie et al. experimentally studied the influence of structural
parameters such as hole diameter, plate thickness and hole pitch on the
discharge coefficients through orifice plate flowmeter, and established
the relationship between structural parameters and discharge
coefficients (Kolodzie Jr and Van Winkle (1957)). Smith et al.
corrected Kolodzie 's formula of orifice plate discharge coefficients by
data analysis and experiments (Smith Jr and Van Winkle (1958)).
Numachi et al. studied the effect of cavitation on the discharge
coefficient for orifice plate flowmeter and pointed out that the critical
cavitation number for orifice flowmeter (Numachi et al. (1960)). DeOtt
et al. measured the axial velocity distribution, Reynolds stress tensor,
static wall pressure, and wall shear stress of the center line of the orifice
plate (DeOtte et al. (1991)). Morrison et al. discovered recirculation
zones in both upstream and downstream of the orifice plate, and pointed
out that the fluid separated from the orifice plate at the throat and
reattached to the pipe wall at 5.3 times the radius downstream away
from the orifice plate (Morrison et al. (1993)). Kim et al. took into
account the influences of the diameter ratio and thickness of the orifice
plate, and experimentally studied the changing rules of the discharge

coefficient of orifice plate under different cavitation numbers (Kim et al.

(1998)). Huang et al. experimentally tested the discharge coefficient of
the perforated orifice with different thicknesses, porosities and hole
distributions, and compared with the standard orifice plate. Results
showed that the perforated orifice flowmeter had the advantages of
larger discharge coefficient, lower critical Reynolds number and a more
stable flow field than the standard orifice plate (Huang et al. (2013)).
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Schena et al. found that temperature would affect the output signal of
orifice flowmeter sensor through experiments, and proposed a
correction method based on theoretical analysis (Schena et al. (2013)).
He et al. applied the numerical method to simulate flow field in a
50mm-diameter swirlmeter, and proposed an improved swirlmeter with
inlet guide vanes which could effectively reduce the pressure loss (He
et al. (2008)). Fu et al. studied the characteristics of the internal flow
field of the swirlmeter by computational fluid dynamics (CFD) method,
and proposed a method of signal differential processing to improve the
anti-interference ability of the swirlmeter (Fu and Yang (2001), Peng et
al. (2004)). Li et al. designed a new type of swirlmeter by numerical
simulation, and analysed the influence of different parameters on the
swirlmeter (Li et al. (2012)). Jin et al. added a venturi tube after the
spinner to detect the weak fluid signals by accelerating the fluid (Jin
(2014)). Ma et al. experimentally proved that using a new sensor
installation method and differential processing method could eliminate
the influence of pipe vibration on swirlmeter (Ma and Zhao (2014)).
Sahand et al. designed a new multiphase flowmeter by coupling a
slotted orifice plate with a swirl flowmeter, and evaluated the
performance with high-accuracy two-phase flow measurements
(Sahand et al. (2014)). In addition, other all kinds of flow
characteristics has also been deeply studied (Cheng et al. (2020), Zhang
et al. (2019), Chen et al. (2016), Cui et al. (2015), Bilicki et al. (2002),
Kock and Herwig et al. (2004), Tao et al. (2020), Cui et al. (2020),
Cheng et al. (2022), Cheng and Zhang et al. (2022), Jia et al. (2022),
Jiaetal. (2022), Jia et al. (2023)).

It could be concluded that the current research on nozzle
flowmeter is still very limited. The internal flow characteristics and
metering characteristics are not involved. The internal structural
characteristics in the case of high temperature are also not revealed yet.
The purpose of this study is to explore the nozzle flowmeter thermal
characteristics at different temperatures by the numerical simulation
under different conditions.
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