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1. Micro Electro Mechanical Systems
2. Micro Thermal Flowmeter
3. Bypass
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1. Capillary Tube Thermal Flowmeter
2. Laminar Flow Element (LFE)
3. Flow Conditioner
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1. Tube Bundle
2. G-rate
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1. Symmetry
2. Finite Element Method (FEM)
3. COMSOL Multiphysics
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Introduction

Due to developments in the energy sector, including
the need to provide a variety of safe energy
sources, growing energy consumption in the world,
environmental concerns and increasing consumption
of chemical products, gas can be considered an
energy source in the global economy [1]. As the
consumption of gas increases, the use of gas meters
to measure this consumption increases. The market
value of gas meters in 2017 was 3776.07 million US
dollar, and it is predicted that the value of this market
in 2026 will increase to 8152.63 million US dollars,
which is the highest growth rate in the domestic
sector. In 2017, the share of gas meters for domestic,
commercial and industrial sectors is equal to 22.68%,
33.31% and 44.01% [2]. Therefore, it is important to
develop appropriate measurement methods to measure
household gas consumption.

Gas flow measurement in the domestic sector is done
by diaphragm meters. These meters do not have
enough accuracy in measuring gas and factors such as
temperature [3], meter life [4] and the presence of a
moving mechanical part [5] cause errors in measuring
gas flow. Orifice and turbine flowmeters are also
used in industry. The orifice flowmeter has a high
pressure drop [6] and the cavitation phenomenon has
a significant effect on the performance of the turbine
flowmeter [7]. In recent years, it is more welcomed

Accepted: March/15/2021

to the micro-thermal flowmeters [8]. The advantages
of this type of flowmeter include high accuracy, low
power consumption [9] and detection of flow return
[10] but it has low range ability.

One way to increase the flow measurement range
of micro-thermal flowmeters is to use a bypass. The
ability of bypass in increasing in the measuring wide
range of flow has been shown by Etxebarria et al [11].
In this way, these flowmeters are similar to capillary
tube thermal flowmeters. Also, the ISO 14511
standard, which is related to capillary tube thermal
flowmeter, describes the elements required to use the
bypass, according to which the element affecting the
hydrodynamics of the fluid when dividing the flow
between the main path and the bypass is the laminar
flow element.

In this research, the aim is to present a system for using
micro-thermal flowmeters in domestic applications
and to investigate the geometric parameters affecting
the hydrodynamics of gas flow. Due to cost reduction,
computational fluid dynamics method has been used to
investigate different values of geometric parameters.

Materials and Methods

This system includes the main pipe, laminar flow
element, interface tubes and microchannel (bypass). In
the simulations, the effect of two types of triangular
and square arrangement of laminar flow element in
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different diameters of tubes(d ), different distances of
inlet and outlet location of the bypass relative to the
laminar flow element (C) and microchannel thickness
(h) on the flow division ratio between the bypass and
main paths (DR). Investigation were performed at four
Reynolds numbers 36, 1800, 4000 and 5435 at the
entrance.

The Navier-Stokes and continuity equations have been
used to investigate the hydrodynamics of the fluid in
the main pipe and the bypass path. The problem is
divided into two parts according to the equations used
for modeling and simulation. The first part is related
to the flow rate of 0.04 to 2.3 m*h, where the flow
regime is laminar in all parts of the system. The second
part is related to the flow rate of 2.3 to 6 m*/h, where
the flow regime in the main pipe is turbulent and in
the laminar flow element and microchannel is laminar.
The equations for the laminar and turbulent regime
are solved simultaneously in the second part of the
modeling.

Results and Discussion

The effect of bypass (microchannel) thickness
(h), bypass position (C) and triangular and square
arrangement of the tubes in tube bundle on the amount
of flow division ratio between the main path and
bypass (DR) is shown in Figures 1 to 4, respectively.
According to Figure 1, due to the pressure drop in
the cross-sectional area of the microchannel, by
increasing the height of the microchannel, the inlet
flow to the microchannel also increases. The effect of
this parameter is greater in larger values. According to
Figure 2, the lower the C is, the higher the flow rate
into the bypass is. Because the laminar flow element
consits of a bunch of tubes, the flow have to be divided
between these tubes that cuse pressure drop. In other
words, the higher the C is, the less the inlet flow of
the bypass is affected by the pressure drop due to the
laminar flow element.
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Fig. 1 Flow division ratio between main path and bypass in
terms of Reynolds number in C =2mm for different values
ofh
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Fig. 2 Flow division ratio between main path and bypass in
terms of Reynolds number in h = 160 wm for different values
of C.

According to Figures 3 and 4, the smaller the diameter
of pipes is, the more flow enters the bypass. Because
more pipes are placed in the tube bundle with smaller
diameter, so the main stream is divided into more tubes
that causes more pressure drop.
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Fig. 3 Flow division ratio between main path and bypass
in terms of Reynolds number in triangular arrangement for
different values of d,
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Fig. 4 Flow division ratio between main path and bypass
in terms of Reynolds number in square arrangement for
different values of d



Concolusions

The different values of pressure drops in the laminar
flow element and the eddy currents at the inlet of
the bypass affect the flow distribution between the
two paths. The tube diameter in the tube bundle
has a significant effect on the pressure drop and the
divinding ratio (DR), because it divides the flow into
smaller streams. The other effecive parameter on DR
is the Reynolds number which has a direct relationship
with DR. Also, the amount of DR at each Reynolds
number depends on the geometric parameters. The
height of the microchannel has the greatest effect on
the DR. The higher the height is, the higher the DR is.
In contrast, the higher the inlet and outlet distance of
the bypass relative to the laminar flow element (C) is,
the less flow enters the bypass.
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