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ABSTRACT

Monitoring mass flow rate is important in solid gas application. There are two common technique namely,
inferential and direct method. Direct method is the focus in this research as it only involves in single plane system. The
optical tomography system will be placed at the gravity flow rig to find its percent of concentration, and this value will be
manipulated to get the mass flow rate. Direct method is the solution for a system that needs easy computation.
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INTRODUCTION

In solid gas industries such as pharmaceutical,
agriculture (grain and rice), animal feed pellets,
food(flour, sugar, tea, coffee), mining and quarrying (lump
coal, crushed ores mineral), oil industry (barytes, cement ,
bentonite used for drilling purpose) and glass manufacture
(sand), a mass flow rate is an important indicator for
monitoring the solid flow. All of these involve whether a
gravity flow rig or pneumatic flow rig. However, the fact
is measuring a mass flow rate is not an easy job because
many factors will affect the measurement and result in an
incorrect measurement of mass flow rate. Among the
factor that affect the mass flow rate correctness are
inhomogeneous solid distribution, irregular velocity
profiles, variable particle size, moisture content and other
parameters (Yan, 1996). Until now, only few of mass
flow rate meter are accepted in industry, and some effort
must be done to develop a mass flow rate meter.

The mass flow rate can be measured whether
using an inferential or direct method. Research has been
done to measure the mass flow rate measurement in a
variety of tomography technique such as using
electrostatic sensor by Tajdari and Rahmat (2011) and
electrodynamic tomography by Rahmat et al. (1997).
Both techniques have success in measuring mass flow rate.
A complete review on the issue involves in mass flow rate
measurement can be reviewed in Zheng and Liu (2010).
The inferential method using optical tomography has been
investigated by Pang (2004), and Chiam (2006) and they
used a concept of multiplying the velocity parameter with
a percentage of concentration. The drawback for
inferential method is, it involves heavy computation and
needs very fast processing time to make sure the
measurement of mass flow rate can be done. 30 frame per
second are the range for the lowest value that can be
considered as fast processing time for dynamic condition.
While for the direct method, it not involves in heavy
computation but it needs to do a calibration that will give
an extra work in the mass flow rate measurement. Among
the researcher that used a direct method are Yingna Zheng

et al. (2006), Abdul Rahim et al. (2008) and Yunus
(2005). Yingna Zheng et al. used an equation that
involves gravity value, where they assume the gravity
value is the same for all the measurement taken. While for
Abdul Rahim and Yunus there is no gravity value that
involve, where there only find a calibration value from a
graph of mass flow rate wversus percentage of
concentration.

This research will refer a technique produced by
Abdul Rahim and Yunus with a different method in
getting the image reconstruction. In our research the
technique to get the image reconstruction is based on the
combination between fan beam and parallel beam
projection.

The paper will be divided into five elements. First
is about introduction, second will focus on the method
involve in the measurement of mass flow rate, thirdly will
involve result and discussion; fourthly is the conclusion
for overall works.

THE GRAVITY FLOW RIG OPERATION
The research to get the mass flow rate is done

using gravity flow rig in the lab. The system layout is

depicted in Figure-1. To operate this flow rig, below is the

procedure:

=  The main switch will be activated

= Then the vacuum loader switch will be ON. Here the
plastic beads will be sucked into the hopper via a
barrel.

=  The frequency control will be ON to control the speed
of the motor. There is a LCD display that shows the
frequency of the motor.
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Figure-1. Gravity flow rig.

The calibration process

Before doing the mass flow rate measurement, a
calibration needs to be done. Calibration means to check,
adjust, or determine by comparison with a standard (the
graduations of a quantitative measuring instrument). The
standard value for the gravity flow rig is get from
measurement of the weight of the particles that go trough
the flow rig divided with the time taken for the particles to
drop fully in the tank. Previous research by Alias (2002)
measured a mass flow rate by fixing the time to 15 second
and measure the weight of the particles. Yunus (2005)
using the same technique by adding a flow indicator for
every time the particle is measured.

In the case of a flow rig that has an
inhomogeneous flow, the system need to be tuned to the
maximum speed, in order to provide accurate reading.
Therefore the flow indicator needs to adjust to high value
to form the calibration graph. The low value of the flow
indicator cannot produce a needed graph because the
graph produced is not a linear one. By using the greater
value of flow indicator, the flow that is produce is higher
and therefore the mass flow rate will give a right value
according to the baffle openings. While for the low value
of flow indicator, the particle that flow is likely the same
for all baffle opening as the flow cannot give the different
value for different baffle size. Figure-2 shows the graph
using low value of flow indicator.
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Figure-2. The mass flow rate value using different baffle
for 20 Hz flow indicator.

As shown in Figure-2, the calibration graph that
form by 20Hz flow indicator cannot give a linear relation
therefore the equation that produce from this graph cannot
be used for mass flow rate equation. Therefore a higher
value will be used to get the linear calibration graph as
shown in the next section. The calibration data will form a
calibration graph and the equation that intercept the origin
will be used along with concentration value to get the
mass flow rate.

Experiment setup

The baffle will be inserted at the bottom of the pipe
which is near to the sensing area. The reason for the
location is to avoid any gravity effect that will involve if
the baffle location is far apart from the sensing element. It
means that, the near the baffle to the sensing element, the
result of the mass flow rate calibration is directly
proportional to the opening of baffle area and do not have
any outside effect such as collision with pipe wall or
bouncing and other factor that can influence the
measurement.

Table-1 shows 9 different size of baffle; 10%,
20%,30%,40%, 50%, 60%,70%,80% and 90%. Each
baffle correspond to concentration percentage. To
calculate the baffle opening area, equation (2) can be used
as it has elipse shape (Garmer, 2007). Figure-3 shows the
baffle that will be used in this research and Table-1 shows
the calculation for the opening ellipse at nine different
baffles as mentioned.
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Figure-3. Baffle sample as a concentration percentage
indicator.
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A = Area of the baffle while full opening
B = Area of opening ellipse at the baffle
P = Concentration percentage of the flow inside pipeline

2

©)

Table-1. The calculation of percentage of opening area in
the baffle.
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The following procedures are the step to operate the
machine and simultenously get the calibration graph:

=  Set up the sensing equipment and fix the baffle as
shown in Figure-4.

= Turn ‘ON’ the power main switch, motor speed
controller using push button and vacuum loader.

= Set the loader in forward mode.

= Set the frequency of the controller. It depends on
experiment’s requirement.

= Operate the flow rig by pushing the “START” or
“STOP” button on controller which runs or stops the
rotary feeder.

=  Once the material is flowing through the pipeline, the
material will be collect and weight. Set the time taken
to collect the material. The division between the
weight and time will form a mass flow rate as shown
in equation (4).

MFR =W% 4

Where

MFR = Mass flow rate
W = Weight of the particles (gram)
t = Time taken to collect the particles

=  Change the baffle for other size of opening baffle and
continue the step 5.
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Figure-4. A baffle location which is near to the sensing
area.

RESULT AND ANALYSIS

Mass Flow Rate vs Baffle Opening
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Figure-5. The mass flow rate value using different baffle
for 40 Hz flow indicator.

As shown in Figure-5, the graph is proportionally
increased until 60%. But after that, it decrease slowly until
100% of opening baffle. Therefore, to get the equation for
the calibration graph, the graph will be draw until 60% of
baffle opening. Figure-6 shows the graph until 60% of
opening baffle that give the linear equation as shown in
equation (5).

y =17.38x (5)
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Figure-6. A calibration graph that intercept at origin with
r? equal to 0.969.

CONCLUSIONS

The direct technique is the easiest way to get the
mass flow rate if the sensing plane is only a single plane.
This technique is a direct measurement of mass flow rate
and it not involve a heavy computational. The right setup
of flow indicator can give a linear line that will form an
equation that can be used together with the tomogram
parameter which is concentration percentage to produce
mass flow rate measurement.
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