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ABSTRACT:  Flow meters are devices capable of measuring the amount of fluid transported through piping 
networks. Example applications include accurate measurements of flow in chemical processing plants and fluid 
consumption by end-users (e.g. water, fuel, natural gas, etc.) by customers, which is a core issue in fluid-handling 
engineering.  Some flow meters contain no moving parts (Royle and Boucher 1972), which is desirable since moving 
parts wear over time, leading to compromised meter accuracy.  The meter investigated in this study contains no moving 
parts, and its operation relies on oscillations induced by the fluid flow through the meter.  In this project, the mechanism 
of the underlying flow-induced oscillations was investigated both experimentally and using computer simulations.  
Measurements showed that the oscillating frequency was a linear function of the flow rate, which implies that the 
oscillating cycle corresponds to a fixed amount of fluid irrespective of the flow rate (Mansy and Williams 1989). This 
mechanism makes the device a good fit as a totalizing meter since by counting the number of cycles, the total amount 
of fluid consumed can be determined. The computer model was validated using experimental measurements.  The 
model results showed that fluid oscillations tended to be weaker at low Reynolds numbers, which will help determine 
the useful working range of the device.   
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INTRODUCTION

A flow meter is an instrument used to measure the flow 
rate of a fluid. Diverse applications often require new 
methods of measuring flow rates, which have led to the 
development and emergence of different types of flow 
meters. Flow meters are also commercially important. 
They allow for monitoring the consumption of gas, water, 
and fuel. In addition, flow meters can be implemented 
to safely control the amount of flow in a piping system 
in factories and plants. They are also used in health-
care applications, such as measuring breathing flows to 
identify health issues in respiratory system. 

There are two ways of measuring flow. One way is to 
directly measure the flow using a container with a known 
volume and a stopwatch. However, this traditional way 
may lack accuracy as it involves several errors that arise 
from human reaction time and concurrency in measuring 
time and volume. Also this approach can only provide 
an average rather than a time-dependent flow rate value. 
Alternatively, flow rates can be measured indirectly using 
working flow principles, such as relations between flow 
rate and pressure differentials. The latter technique can 
provide dynamic flow rate values and reduce human 
errors (Cengel and Cimbala 2006).

Flow meters can be classified per their construction and 
if they contain moving parts.  Examples of moving-parts 
flow meters include turbine, positive displacement, and 
some electromagnetic flow meters. Non-moving parts 
flow meters include flow nozzles, venturi meters, orifice 
meters, and the one investigated in this paper (Pritchard 
2011). Both types of flow meters have advantages and 
disadvantages. Thus, to determine the optimal type of 
flow meter most suitable for an application, a thorough 
analysis and evaluation of the meter should be carried 
out. In this study, we explore a non-moving-part flow 
meter that mainly relies on the frequency of the flow 
oscillation that is induced by the fluid as it flows through 
the device.

FLOW METER GEOMETRY

Figures 1 and 2 both show a 3D-printed model of the 
flow meter. This flow meter was designed specially to 
fit an application with a certain pipe size. The inlet and 
outlet were modelled to allow a 1-inch diameter tube to 
be attached to them. To facilitate flow visualization, we 
made a recess with a height of about 2mm on the top 
of the side walls of the device to allow for a laser-cut 

sheet to securely cover the top of the meter. The device 
body was made of ABS plastic, while the cover was made 
of acrylic glass that was tightly sealed with clear silicon 
paste. The main dimensions of the meter are listed in 
Table 1.

METHODS

Experimental Setup 

Figure 3 shows the experimental setup.  More specifically, 
the experiment was done in an open-loop configuration 
without need for a pump. Here, a 1-inch diameter tube 
connected the flow meter to a faucet. To facilitate flow 
visualization, a syringe was inserted in the tube (as seen 
in Fig. 3) to carefully inject ink in the flow direction. 
Also, a beaker and stop-watch were used to collect the 
outflow water from the flow meter and measure the time, 
respectively.

In addition, we used a 240 frame/s camera to record the 
oscillation of the water jet inside the flow meter. In all, we 
tested a total of 6 different flow rates. The flow rate was 
then plotted against the frequency of oscillation of the 
jet.  These results will be compared with the numerical 
solution.

CFD Analysis

Transient, laminar, and incompressible flow is assumed1.   
The governing equations for mass continuity (eqn.1) 
and momentum conservation (eqn.2) are solved using 
commercial package Fluent(ANSYS).

u and P are the three-dimensional velocity vector and 
the static pressure, respectively. For this simulation, the 
density, ρ, was chosen to be 998.2 kgm-3 and the dynamic 
viscosity, μ ,was selected as 1.003e-03 kg/(ms).
1 We made these simplifying assumptions for the following reasons:
Transient: The experiment is being done over a fixed period so it is 
important to capture the flow variations over time. 
Laminar: This assumption was made to reduce computing power and 
simplify the solution as the expected results may not be dramatically 
different than turbulent models.
Incompressible: Water has a very low compressibility, therefore its been 
assumed as incompressible. 

9.2: 1-9
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For the boundary conditions, the velocity was specified 
at the inlet and zero-gauge pressure was applied at the 
outlet. No-slip boundary condition was used at all walls.

RESULTS

Figure 4 shows a plot of the flow rate against the 
frequency of the jet oscillation inside the flow meter 
for both the experiment and numerical simulation. 
This plot represents the values recorded in tables 2, 
3 and 4 in the appendix. We obtained the frequencies 
of the different flow rates using Image Processing and 
Computer Vision Toolbox in MATLAB. [By analyzing 
the videos, the frequency of oscillation for each flow rate 
(experimentally and numerically) was obtained.] Results 
from experimental and numerical methods showed 
a general trend where the frequency of oscillation 
increased as the flow rate increased. Furthermore, a 
linear relationship between the flow rate and frequency 
of oscillation was observed. This linearity is important, 
since it suggests that each oscillation cycle corresponds 
to approximately the same amount of fluid, irrespective 
of the flow rate. 

Figures 5 and 6 (a-c) show three different phases of jet 
oscillation captured from the experiment and simulation, 
respectively. The red and blue colors in figure 5 denote 
the high and low velocities, respectively.  

The experimental flow rates were approximately 15% 
higher than the numerical values at the same frequency. 
The source of this difference is not known, but may be 
due (at least in part) to flow rate measurement errors in 
the experiment. 

Table 5 shows the calculated Reynolds numbers for each 
flow rate at the inlet and outlet. The values are all within 
the turbulent range for a closed confined flow; however, 
the CFD simulation uses a laminar model. This type of 
model might be another source of error as using a suitable 
turbulent model could produce more accurate results. 

CONCLUSION

As seen in this experiment, a jet directed into a converging 
duct will cause the jet to oscillate at a frequency linearly 
related to the flow rate. This finding could be beneficial 
for constructing a flow meter with no moving parts. This 
meter can also be used as totalizing flow meter. Since the 
meter has no moving parts to wear over time, it may not 
require frequent regular re-calibration. 

The flow rate-frequency relation shows higher frequencies 
for the numerical solution than the experimental results. 
This result may be due to experimental errors.

However, both plots showed approximately linear 
relationship between flow rate and frequency of oscillation. 
Improvements in the experimental side include using 
more accurate experimental flow rate measurement 
equipment, such as a digital flow meters and ensuring 
that source of water has a constant flow rate which can 
reduce experimental errors. The CFD simulation can be 
improved by adding a suitable turbulence model and 
testing the effects of mesh-size and time-step reduction, 
which may lead to more accurate results. 
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Figure 1. Top View of the model and dimensions

9.2: 1-9

Figure 2. Isometric view of the model

Table 1. Flow meter main dimsensions
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Figure 3. Experimental Setup

9.2: 1-9

Figure 4. The plot of flow rate versus frequency for both the experimental and simulation results
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Figure 5. Snapshots of jet oscillation phases from the experiment, cropped and x-rayed from the actual 
picture in Figure 6

9.2: 1-9

Figure 6. Snapshots of jet oscillation phases from numerical solution simulation

Figure 7. Flow visualization showing the different phases of the jet oscillaiton in the experiment
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Table 2. Experimental Flow Rate Data recorded for each trial

Table 3. Experimental Frequency of Oscillation Data for each trial

Table 4. CFD Simulation Frequency of Oscillation Data for each trial
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Table 5. Reynold's Number calculation for each flow rate at the Inlet and Outlet
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