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1. Reynolds Stress Model (RSM)
2. Eddy Viscosity Models (EVM)
3. Non-Isotropic
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Introduction

Ultrasonic flowmeters are divided into three categories:
time difference, cross-correlation and Doppler [1].
The most important advantage of ultrasonic cross-
correlation flowmeter (UCCF) over the other ultrasonic
flowmeters is that the performance of UCCF is
independent of sound speed and tube thickness [2-4].
The basis of the cross-correlation flowmeter
performance is calculation of the delay time at
which the eddies in flow reaches from the upstream
sensors to the downstream sensors. The delay time
is calculated by applying the mathematical function
of cross-correlation on both the upstream and
downstream received signals [5]. Using the delay
time and the distance between the two sensors, the
eddies convection velocity can be easily calculated
by dividing axial distance between two sensors by the
delay time [2]. The calibration factor is then used to
relate the fluid convection velocity to the bulk velocity
which is important in flow measurement [6].

Flow Reynolds number [5,6], straight pipe length
at the upstream of the flowmeter [7]| and the pipe
surface roughness [5,6] are the most important
parameters which affect the performance of the cross-
correlation flowmeter and the required calibration
factor. Therefore, the purpose of this study is to
investigate the effect of each of the above parameters
on the performance of the ultrasonic cross-correlation
flowmeter with the aid of CFD simulation.

Accepted: November/12/2021

Materials and Methods

To evaluate the performance of the flowmeter at
different operating conditions, a pipeline with a typical
diameter of 6 inches and the length of 55 pipe diameter
was considered respecting to AGA-9 and ISO-17089
recommendation. Due to the symmetrical geometry of
the pipe, a 2D plate with axis boundary condition was
considered for simplicity of calculation. The inlet and
outlet boundary conditions were set as “Velocity Inlet”
and “Pressure Outlet” respectively. In present study,
the flow medium is incompressible air and the flow
Reynolds number varies from 3.16x10* to 3.16x10°.
In order to simulate the flow inside the pipe with
high accuracy, the Reynolds stress turbulence (RSM)
model was used. Much researches have been done on
turbulent flow simulation. Most of them suggested that
the RSM perform better than eddy viscosity models in
accurately predicting turbulent flows [8,9].

The mathematical model of cross-correlation ultrasonic
flowmeter for calculation of the time delay has been
proposed by Lysak et al [5,6]. In UCCF model, the
delay time can be predicted in terms of turbulent
flow parameters such as turbulent kinetic energy (k),
turbulent dissipation rate (¢) and axial mean velocity
(U), which they are obtained from CFD simulation
[5.6].

Results and Discussion
The designed mesh was perfectly structured. Due
to the high velocity gradient near the wall, the grid



dimensions in this area were smaller. The Y+ value
near the wall was kept in the range of 30 to 300 based
on the standard wall function.

The calculated calibration factors at specified Reynolds
number were validated against the experimental data
[3]. The results are very close to the experimental data,
and the average error is about 5%.

By plotting calibration factor against flow Reynolds
number, it was concluded that the calibration factor
increases by increasing the flow Reynolds number.
As the Reynolds number increases, the flow velocity
profile becomes flatter at the pipe section as well as
at the center (core region) of the pipe. Therefore,
the ratio of core region velocity to bulk velocity
decreases. Since the convection velocity calculated
by the flowmeter depends mainly on the velocity of
core and central region of the pipe, in flatter velocity
profile, the convection velocity decreases. As a result,
the calibration factor increases.

The results showed that by increasing the straight pipe
length at the upstream of the flowmeter, the calibration
factor decreases and then increases. When the flow
enters the pipe, the thickness of the boundary layer is
negligible, and the velocity profile is almost flat. As the
fluid moves through the pipe, the velocity profile at the
pipe section changes and becomes more rounded. The
calibration factor also changes according to the change
in curvature of the velocity profile in the central region
of the pipe.

Pipe roughness is not directly included in the
flowmeter equations and shows its effect on velocity
profile formation. As the pipe roughness decreases,
the velocity gradient decreases entire the pipe section,
and the velocity profile becomes flatter. As previously
discussed, the calibration factor increases as the
velocity profile in the pipe section becomes flatter.

Conclusions

Changes in flow rate, short pipe length at the upstream
of the flowmeter or installation of flowmeters on pipes
with different materials strongly affect the performance
of the flowmeter. In these conditions, the calibration
factor plays an important role in enhancement of the
accuracy of the flowmeter. In this study, with the aid
of the CFD simulation and ultrasonic cross-correlation
flowmeter model, the air flow inside the pipe was
simulated and the effect of the flow Reynolds number,
pipe length at the upstream of the flow meter and pipe
roughness on the performance of the flowmeter and
required calibration factor were investigated. In the
present study, it has been shown that the shape and
curvature of the velocity profile plays an important
role in analyzing and interpretation of the changes
in calibration factor. As the velocity profile becomes
more rounded at the pipe section, the ratio of core
velocity increases relative to the average flow velocity.
Since the convection velocity which is measured
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by the flowmeter is strongly dependent on the core
velocity, the convection velocity increases in flows
with rounded velocity profiles. Therefore, according
to the definition of the calibration factor, the required
calibration factor decreases.

The simulation results also showed that the flowmeter
performs better at higher Reynolds flows. As the
flow Reynolds number increases, the velocity profile
becomes flatter, and therefore, the calibration factor
increases. Also, as the flow moves inside the pipe
(prior to fully developed length), since the velocity
profile curvature increases firstly and then decreases,
subsequently, the calibration factor decreases firstly
and then increases. Moreover, it was concluded that
by increasing the pipe roughness, since the velocity
profile becomes more rounded, the corresponding
calibration factor decreases.
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