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1. Programmable Logic Controller
2. Mass Flow Controller
3. Pressure Control Valve
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1. Reactor Coolant Pump
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Introduction

Control of the chemical process is crucial for many
reasons such as achieving desirable products, safety,
and preventing undesirable changes in system
parameters. Input and output flow condition in a
system have a great impact on the product enrichment,
product value, decreasing the waste flow, equipment
size, safety issues and fixed or operational cost of
the process. Thus, precise control of flow rate in
a system is one of the most important factors that
affect the efficiency of the equipment. The previous
studies show using orifice for control of flow within
some separation equipment such as thermal diffusion
columns. Orifices are inexpensive equipment without
movable and electrical components, which has the
capability of bearing more differential pressure rather
than control valves [ 1]. Several applications have been
proposed for using Orifices as an efficient flow control
component. Singh et al. used CFD to investigate the
dynamic behavior of turbulent flow through an orifice
and reported that the maximum discharge coefficient
occurs at low Reynolds numbers, and decreased slowly
with increasing Reynolds number [2]. Mohan Kumar
also studied the CFD of flow through two subsequent
orifice plates and concluded that the pressure drop
is strongly dependent on the distance between the
two orifice plates [1]. Martin et al investigated the
flow of coolant through the orifice to be used as an
expansion device in the cryogenic cycle. One of
the important results of their work was the lack of

Accepted: February/20/2022

correlation between mass flow and outlet pressure
in choking conditions [3]. Jeffrey has studied and
designed an Orifice for use in reactor coolant pumps
of nuclear power plants [4]. In another study, Singhal
et al. optimized the design of an orifice for the airflow
injection to the car engine [5]. Peter examined the flow
pattern in an orifice by changing its properties and also
investigated the effects of density, viscosity, pressure
drop, and surface area of the orifice [6]. Gan and Riffat
similar to Peter [0] studied changes in fluid properties
by changing operating conditions [7]. Oliveira et al
measured the mass flow rate of a two-phase liquid-
gas flow using an orifice [8]. The main goal of this
research is to study the different gas flow through an
orifice and to determine the optimum condition for the
control application inside the inlet and outlet lines of
the thermal diffusion column.

Materials and Methods
Model Description

Various mathematical models have been proposed
to predict the fluid behavior in orifices and nozzles.
According to the article by Singal and Paroon [5], the
mass flow rate is presented as follows:
* ret

m:%* %*M*(H}’T_IM:)W (1)
Another valid correlation was purposed by Hanlen [5].
In this regard, it is noted that as the outlet pressure
decreases, the flow increases to reach its maximum
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value. If the flow conditions in the orifice reach the
sound conditions, the flow rate does not change. The
flow rate of the experimental relationships is provided
by saad [9].

The three-dimensional model has been used because of
the importance of fluid behavior in three-dimensional
space and increase in the accuracy of calculations.
The geometry of the problem is also shown in Figure
1. High Mach number flow in steady-state condition
was selected for solving momentum, continuity, and
energy equations in COMSOL software [10-14]. The
temperature, pressure and Mach number are specified
as input parameters.

Fig. 1 The geometry of the simulated orifice.

Results and Discussion
After determining the appropriate mesh for geometry
and examination mesh independency, the previous
correlations [5,9,10] were used to validate. The valida-
tion results of flow for different diameters are shown
in Figure 2. The inlet pressure is 0.6 bar, and the outlet
pressure is the vacuum. As shown in this figure, the
average relative error between the simulation results
and correlations is 1.77 %.

—@— Simulation —@— Theory
1/80E-06
1/60E-06
1/40E-06
1/20E-06

1/00E-06

Mass flow rate (kg/s)

8/00E-07
6/00E-07 P
4/00E-07
0/035 0/04 0/045 0/05 0/055 0/06 0/065
Throat diameter (mm)

Fig. 2 Comparison of simulation results and theory results
(inlet pressure 0.6 bar and the vacuum pressure for outlet).

In order to investigate the sensitivity analysis of the
model, the effects of increasing the inlet pressure and
decreasing the outlet pressure on the flow rate have
been investigated. It was found out that the mass flow
rate increases by increasing the inlet pressure in the
constant outlet pressure. Moreover, the result of the
simulation showed that with decreasing outlet pressure
in constant input pressure, the mass flow rate increasing
since the speed in the throat is less than the speed of
sound. As the velocity in the throat reaches the speed

of sound, the mass flow rate remains constant. This
maximum flow rate changes only with the change of
the inlet pressure. These results are in agreement with
the correlations.

The gas velocity, pressure and temperature profiles in
the orifice were also examined. For this purpose, the
simulation was performed for an inlet pressure of 0.6
bar, vacuum outlet pressure, throat radius of 0.0333 mm
and inlet temperature of 298 Kelvin. Figure 3 shows the
velocity changes in the direction of the throat. The throat
is located at 51 mm of the orifice. As can be seen in Fig.
3, the velocity in the throat point is equal to the veloc-
ity of sound, which it is consistent with mathematical
theories. The speed after the throat increases near Mach
number 2, then decreases with speed, and finally, the gas
leaves the orifice at a speed close to the speed of sound.
Pressure changes from 0.6 bar to vacuum pressure at
the outlet are shown in Figure 4. In accordance with
these changes, the temperature changes are also shown
in Figure 5. It should be noted that the Joule-Thomson
coefficient of nitrogen is positive in the inlet tempera-
ture of 298 K. Therefore, as the pressure decreases, the
temperature of the fluid will also drop.
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Fig. 3 variation of inlet velocity versus orifice length.
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Fig. 4 variation of pressure versus orifice length.
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Fig. § variation of Temperature versus orifice length.
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Conclusions

Computational fluid dynamics were used to predict the
behavior of gas flow through an orifice plate. A three-
dimensional model with a compressible gas flow was
used. To validate the model, mathematical correlations
were used. The results showed that the adopted three-
dimensional model has high accuracy and predicts
properly the actual behavior of orifice. The results of
this paper can be used for practical considerations.
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