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The analysis of flow characteristics in multi-channel heat meter based on fluid
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Abstract: In this paper, a fluid structure interaction (FSI) model is used to study the internal flow field and the measurement
performance of a multi-channel flow meter. The RNG k -& turbulent model and the finite element model are used separately in the

fluid domain and the structure domain to obtain the meter factor X and the deformation of the structure. The meter factor K of
the flow meter is obtained through the FSI model at temperatures of 20°C, 50°C and 80°C. The calculated results show the thermo
expansion of the structure can significantly influence the measurement performance of the flow meter. The meter factor of the flow
meter is also measured experimentally, and the comparison between the experimental results and the calculated results shows the
validity of the fluid-structure interaction model. In order to reduce the measurement error, the meter factor K should be modified
as the water temperature changes.
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Introduction

With the continuous improvement of the heating
fee system, more and more Chinese households use
heat meters to measure the heat energy of the central
heating system. The heat meter can measure the water
flow flux and the temperature difference between the
inlet and the outlet of the heating system, by which the -+ 2 -
heat energy consumed by the family can be calculated. T u%m
The water temperature can be measured accurately by i
an integrated circuit module, so the accuracy of the (a) The basic structure of impeller flow meter
heat meter is determined by the accuracy of the flow '
rate mainly. Many heat meters use the impeller flow
meter to measure the water flow rate, Fig.1 shows the
structure of a multi-channel impeller flow meter. In
Fig.1, the circumference of the impeller chamber is di-
vided into multiple channels, the water enters the im-
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(b) The impeller chamber

peller chamber through channels and drives the impe-
ller to rotate. The impeller flow meter measures the
volume flux based on Eq.(1)
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where (Q, is the water volume that flows through the
flow meter, f is the cycles of the impeller rotation,

K is the meter factor of the heat meter.

According to the national standards for the hou-
sehold heat meter, the heat meter should measure the
flow flux accurately while the water temperature cha-
nges from 5°C to 95°C. As shown in Fig.1(b), the im-
peller chamber housing is made of engineering plasti-
cs. Plastic has a large thermal expansion rate and can
expand as the temperature rises, and the measurement
error can be magnified after a long time use of the
heat meter, which is induced by the structural defor-
mation during the variation of the water temperature.
In order to improve the measurement accuracy, the ef-
fect of the thermal expansion on the measurement per-
formance of the flow meter must be considered.

The numerical calculation based on computatio-
nal fluid dynamics (CFD) is one of the main methods
of studying the flow characteristics. For studying the
influence of the thermal expansion of the impeller on
the flow characteristics, the fluid structure interaction
(FSI) model should be used. The fluid structure intera-
ction model plays a very important role in many engi-
neering applications, especially for the coupling effect
between the fluid and the structure. Zhang et al.l"
used the FSI model to study the influence of the wind
shear on the wind turbine blade and obtained the dis-
placement and the stress along the span of the turbine
blade. Pita Claudio and Felicelli Sergio' presented an
immersed element-free Galerkin method (IEFG) to
solve the fluid-structure interaction problems invo-
Iving large deformation of a slender solid body. Patek
et al.”! et al researched the dynamic characteristics of
a transformer-bushing system by using the fluid stru-
cture interaction approach. Benra and Dohmen' si
mulated the deflection deformation of the pump impe-
ller with a fluid structure interaction method and it is
shown that the impeller orbit curves obtained by the
FSI is consistent with the measurement. Sun and Gu"!
analyzed the wind-induced responses of a saddle
membrane structure under wind actions by the FSI
model. Zhang et al.® investigated the fluid-structure
interaction for a super-long flexible beam with the FSI
model. Liu et al.l” investigated the propulsive perfor-
mance of a flexible articulated caudal fin by the FSI
model. Gim et al.”™ simulated the interaction between
a fluid and a 2-D/axisymmetric hyperelastic body
based on FSI model. Wen et al.”) researched the rela-

stic parameters of artery bypass graft with FSI method.

These researches mainly focus on the structural defor-
mation and the stress caused by the fluid, the change
of the fluid field caused by the structural deformation
is largely ignored. Some references only study the st-
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ructural deformation and the stress with an unidire-
ctional coupling, the fluid field change is not conside-
red.

In the study of the flow meter, Liu et al.'® and
Shi et al.!"'! analyzed inter flow characteristic of impe-
ller flow meter. But the researches that consider the
fluid structure coupling effect were rarely carried out
for impeller flow meter. But there are not so many stu-
dies that consider the fluid structure coupling effect
for the impeller flow meter. In this paper, the flow
characteristics of the multi-channel impeller flow
meter are studied based on the fluid structure intera-
ction model and the effect of the structure deformation
on the fluid field is analyzed. The model and the me-
thods used in this study can also be used for similar
problems.

1. The calculation model and calculation domain

In this paper, the FSI model is used to study how
the structure deformation affects the measurement
performance of the heat meter. The turbulence model
is adopted to calculate the velocity and pressure distri-
butions of the flow field in the fluid domain and the
finite element model (FEM) is used to calculate the st-
ress and deformation of the structure caused by the
thermal expansion and the water impact in the structu-
re domain.

1.1 The turbulence model of fluid domain

Because the flow in the heat meter is turbulent in
most cases, so the RNG & -¢ turbulent model is used
to obtain the velocity and pressure distributions. The
RNG k-¢ turbulent model consists of the continuity
equation, the momentum equations, and the £ and ¢
equations!' >,

(1) Continuity equation

U, _
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where U is the mean velocity.
(2) Momentum equations
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where P is the mean pressure, p is the density, v

is the kinematic viscosity and wu; is the Reynolds

stress tensor.
(3) k equation
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