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Abstract: A Coriolis flow meter is the only direct mass flow meter available. Its principle depends on the Coriolis
effect; it  is  a deflection of moving objects when they are viewed in a rotating reference frame. In this paper,
we propose U-tube type of Coriolis flow meter. The design and simulation of Coriolis flow meter in both meso
and micro level and the eigen frequency response of both is compared. Simulation is done by using FEA CAD
tool, COMSOL. Length of  the  two  side  arm  of  the tube is 50 µm, distance of separation of the two arms is
80 µm, outer and inner diameter of the tube 2 µm and 1.6 µm respectively. In the model builder the material
silicon is chosen among the pre-defined materials in the library to fix to the entire geometry of Coriolis flow
meter. Water is chosen as the fluid. A fine tetrahedral mesh is done for the analysis of this model. In solid
mechanics  the  fixed  constraint, edge fixing is done by selecting the needed boundary. The two arms of the
U-tube are fixed to vibrate along the fixed boundary. The Eigen frequency analysis is done for the model after
fixing the desired number of Eigen frequencies. The resonant frequencies of micro and meso Coriolis mass flow
meter are compared. As the mass of Coriolis flow meter reduces, the resonant frequency increases
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INTRODUCTION tear. Unlike hot-wire flow sensors a Coriolis flow tube in

Microfluidics  is a  technology that refers to the any liquid without recalibration between fluids. It has
micro-scale devices which manipulate fluids at micro, increased product quality.
nano, pico and even femtolitre volumes. The dimensions A   Coriolis   flow   meter   is   a   mass   flow   meter.
of these devises range from several millimeters to Its principle depends on the “Coriolis effect”. There are
micrometers with at least one feature measured in two basic configurations of Coriolis flow meter: the
micrometers. Advantages of microfluidics compared to curved tube flow  meter  and  the  straight  tube  flow
conventional fluidic systems are low fabrication cost, meter. Its principle depends on the Coriolis effect, a
enhancement of analytical performance, low power and deflection  of   moving    objects    when    they   are
low consumption of fluid. viewed  in  a  rotating  reference  frame. In a reference

Providing the lowest mass flow resolution has frame  with  clockwise  rotation,   the    deflection   is  to
become a major problem worldwide, especially for the  left  of the motion of the   object;  in   one  with
measuring flow, density, detect air bubbles and occlusion. counter-clockwise   rotation,  the   deflection  is to the
Mass flow meters are used because the mass does not right. This principle is used in the CORIOLIS mass flow
change with respect to temperature or pressure there by meter.
making measurement more accurate. This flow meter The Coriolis force F   from  Figure  1  is expressed as
design needs to be done in micro level, hence micro F = –2l  x , where, l is the length of the rectangular
electro mechanical system is used. The advantage of the tube, ù is the torsion mode actuation vector and  is the
Coriolis flow meter are Long life as there is no wear and mass flow of the fluid.

its measuring state, can measure mass flow of virtually
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Fig. 1: Principle of Coriolis flow meter

Fig. 2: Modelling of Coriolis Flow Tube

Table 1: Properties and dimensions of U-tube Coriolis flowmeter
Outer dimension of the side of U - tube, S2 m 0.02
Inner dimension of the side of the U - tube, S1 m 0.016
Length of the pipe section AB, L2 m 0.5
Length of the pipe section CD, L2 m 0.5
Distance of separation between the tubes, m 0.8
section BC, L1
Young's modulus of pipe GPa 205
Density of pipe kg/m3 7850
Material of the pipe - Mild  Steel

A resonator is a device or system that vibrates at its
resonant  frequency. The  advantages  and  applications
of    micro    resonant    sensor    is   discussed   in   [1].
The experimentation of Coriolis flow meter using
piezoelectric   sensor   and   actuator  is  discussed  in  [2].
A micro machined Coriolis mass flow sensor consisting of
a  silicon  nitride  resonant  tube  of  40 µm diameter and
1.2 µm wall thickness is discussed in [3]. With the
simulation tool, one can explore different designs for
various configurations coming up with an optimized
design and a prediction of expected results given an
input. This translates to significant savings in terms of
time and cost since various mistakes can be avoided
without actually fabricating or experimenting using an
actual device. In this paper, design, simulation and
analysis of Coriolis mass flow meter in micro and meso
dimension   is  done using  FEA   CAD  tool,  COMSOL.
In Section 2, the design and modeling of Coriolis flow
meter   in  micro   and  meso  level is attempted. In  Section

Fig. 3: Photograph of Coriolis flow meter (1. Hydraulic
setup 2. Function generator 3. DSO 4. U –tube)

4, the Eigen frequency analysis of meso and micro Coriolis
flow meter is discussed. Section 5 deals on the results and
discussions.

Modeling and Design of Coriolis Mass Flow Meter:
COMSOL  Multiphysics is  a finite  element analysis,
solver and Simulation software / FEA Software package
for various physics and engineering applications,
especially    coupled    phenomena,    or    multiphysics.
The modeling of meso and micro Coriolis flow meter is
done using the software.

Numerical   Modeling   of   Meso  Coriolis  Flow  Meter:
A U-tube Coriolis  flowmeter  shown  in Figure 1 is
modeled numerically using COMSOL. The dimensions
and properties of the meso Coriolis flowmeter is given in
Table 1. To model the U-tube structure, an annular square
structure is modeled with two dimensional modeling with
outer side (S2) of 20 mm and inner side (S2) of 16 mm. It is
then extruded to get a tube of length 0.5 m The tube is
revolved to get the elbow section of U-tube and again
extruded to a length of 0.25 m and the modeled structure
is like half U-tube. The other half of the structure is
modeled by mirror imaging and the 3D model of the
flowmeter built using COMSOL is shown in 

Figure 2. The properties and dimensions of U-tube
Coriolis mass flow meter is shown in Table 1. The material
of the U-tube is specified to be mild steel by defining its
property. The photograph of Coriolis flow meter is shown
in Figure 3.

Numerical  Modeling  of  Micro  Coriolis  Flow  Meter:
By 1000 times scaling down the dimension of meso
Coriolis  flow  meter,  the  modelling  of micro Coriolis flow
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Fig. 4: Meshed model of Coriolis flow meter when it is empty. Eigen frequency analysis is done for the

Table 2: Properties and dimensions of U-tube Coriolis flowmeter 

Outer dimension of the side of  U – tube, S2 µm 0.02

Inner dimension of the side of U – tube, S1 µm 0.016
Length of the pipe section AB, L2 µm 0.5
Length of the pipe section CD, L2 µm 0.5
Distance of separation between the tubes, section BC, L1 µm 0.8
Young’s modulus of pipe GPa 200
Density of pipe kg/µm 23303

Material of the pipe - Silicon

meter  in   Comsol      is       done   as     in    Section  2.1.
The  properties  and  dimensions  of micro U – tube
Coriolis mass flow meter is shown in Table 2. The material
of the U-tube is specified to be silicon by defining its
property.

After the model is created the design is subject to
boundary conditions under which it is simulated.
Simulation is done in order to view how the model works
in real time. In solid mechanics the fixed constraint, edge
fixing is done by selecting the needed boundary. The tube
vibrates along the fixed boundary. The fine tetrahedral
mesh  is  used   for   meshing  the  Coriolis  flow  meter.
The meshed model after fixing the boundary condition is
shown in Figure 4.

Modal Analysis of Coriolis Flow Meter: Eigen frequency
is the resonance frequency at which the tube resonates

meso and micro Coriolis flow meter model. The desired
number of Eigen frequencies is fixed and the “search for
Eigen frequency around” field is entered as 0 and the
result is then computed.

Analysis  of  Meso  Coriolis Flow  Meter: The six mode
of vibration is obtained at 40.834414Hz, 63.564414Hz,
77.698706Hz, 150.187691Hz, 186.239129Hz and
394.447718Hz  respectively.  The  first  six   modes of
meso Coriolis flow meter is shown in Figure 5.

Analysis of Micro Coriolis Flow Meter: The six mode of
vibration is obtained at 40.834414 kHz, 63.564414 kHz,
77.698706 kHz, 150.187691 kHz, 186.239129 kHz and
394.447718 kHz respectively. The first six modes of micro
Coriolis flow meter is shown in Figure 6.

Fig. 5: First six modes of meso Coriolis flow meter
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Fig. 6: 
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