
101

       

                                       2008,20(1):101-107                              

FLUID CHARACTERISTICS OF ROTARY WING HEAT METER WITH 
SINGLE-CHANNEL*

Du Guang-sheng, Liu Zheng-gang, LI Li, LIU Yong-hui, MA Yong-kun, MENG Liang 
School of Energy and Power Engineering ,Shandong University, Jinan 250061,China, E-mail: du@sdu.edu.cn 

(Received September 28, 2006, Revised January 25, 2007) 

Abstract: Fluid characteristics of a rotary wing heat meter with single-channel were studied through theretical analysis, numerical 
simulation and experiments. The obtained results show that the number of vanes can obviously influence the heat meter, but the 
water temperature seldom influence the meter , and the optimal number of vane is 6-8.  
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1. Introduction
As a measurement instrument, the heat meter can 

be used to measure and display the heat value for heat 
supply systems. It is composed of flux sensor, 
temperature sensor and microcontroller. The 
temperature sensors are installed at the inlet and outlet 
pipes and the flux sensor is installed at the inlet or 
outlet of the heat supply system. As shown in Fig.1, 
the liquid strikes the impellers located in the chamber 
of heat meter from the inlet, and the revolution of 
impeller is measured by the circuit above the chamber. 
Then data of the revolutions and the temperature 
measured by the temperature sensors are sent to the 
microcontroller to calculate heat value. In ideal 
condition, the revolutions of impeller should be in 
proportion to flux. The research and manufacture of 
heat meters are related to the technology of 
mechanism, electronics, hydromechanics, thermal 
engineering, control engineering, etc. At present, most 
researches about the heat meter are focused on the 
electronic field, such as the temperature measurement, 
flux signal collection, power consumes and data 
transmission, the performance of the base meter has 
been seldom researched.  The base meter is used to 
measure the flux and determine the precision and 
lifespan of heat meter.  In  this  article theoretical 
analysis, experiments and numerical simulation are 
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conducted to investigate the influence of flux 
measurement on single-channel rotary wing base 
meter to guide the design and application of the base 
meter.

2. Numerical simulation 
The result of numerical simulation can describe 

the characteristics of the fluid field[1, 2]. This work is 
mainly concerned with the numerical simulation of the 
fluid field for the base meter. 
2.1 The model of numerical simulation 

The DN20 single-channel rotary-wing heat meter 
is simulated in this study. The basic parameters are as 
follows

Nominal diameter: 20 mm, flux scope: 0.05 m3/h 
-5 m3/h, temperature scope: 4 -95 , pressure grade:     
1.6 MPa, rating flux: 2.5 m3/h.

To ensure the stability of flow inside the base 
meter during the process of numerical simulation, two 
straight pipes were installed at the inlet and outlet of 
base meter respectively, the length of straight pipe 
located at the inlet was 4D and the length of on the 
one at the outlet was 7D, where D is the diameter of 
pipe.The Pro/Engineer software was used to discretize 
the computational domain. Because of the existence of 
rotary part (impeller) inside the meter, the sliding 
mesh was adopted. The computational domain was 
divided into two parts: rotor and stator section, which 
is shown in Fig.1. 
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Fig.1 Model for numerical simulation 

In the calculation domain, the filtration screen 
located at the inlet of base meter was neglected to 
simplify the numerical computation. In order to ensure 
the stability of water flow inside base meter, the inlet 
flow was assumed to be fully developed turbulent 
flow. In the process of computation, the effect of 
fluid-solid coupling on the impeller was ignored. 

Fig.2 Grids of computational domain 

2.2 Computation mesh 
In this research, the rectangular coordinate 

system was adopted. The tetrahedron grids were 
used in the inner region of heat meter to fit complex 
structure and hexahedron grids were adopted in the 
straight tube. In order to improve the computational
accuracy, grids were refined in the narrow gap. The 
coarser grids were employed in the straight tube 

because of its simple structure. The computational 
domain and grids are shown in Fig.2. 
2.3 Math model 

The flux of the heat meter-DN20 ranges from 
0.05 m3/h to 5 m3/h. In practice, the flow inside the 
base meter is turbulence because flux often exceeds 
0.25 m3/h. So the standard k turbulent model 
was adopted to carry out numerical simulation. The 
standard k turbulent model is based on the 
fully developed turbulence and fit to calculate the 
high Reynolds number turbulent flow. The standard 
wall functions was used to deal with the region near 
the wall. According to the Refs.[1-6], the standard 
k  turbulence model can yield correct results for 
interior flows.
2.3.1 Governing equations 

In the rectangular coordinates, the governing 
equations for the three-dimensional 
incompressible-turbulent flow are as follows. 

Continuity equation[2-8]:
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The turbulence viscosity is calculated by the 
following equation: 

2kC
t                              (3)

where  is the density of water, u  the velocity of 
flow, the superscript“-”the average over a time period, 

321 ,,k,j,i , p the pressure,  the viscosity, t

the turbulent viscosity coefficient. 
2.3.2 Turbulence model 

The standard k-  turbulent model was adopted to 
carry out numerical simulation[9-15].
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where is the turbulence kinetic energy,  the 
dissipation rate of turbulence kinetic energy, the
turbulence kinetic energy produced by the gradient 
of average velocity, turbulence kinetic energy 

produced by the buoyancy,  the fluctuation 
effect caused by the diffusivity of compressible 
turbulent flow, and are the constant 

coefficients,

k
kG

bG

MY

1C 2C 3C

K and are the turbulence Prandtl 

number for andk  respectively, and are the 
user-defined source items.

KS S

The turbulence kinetic energy  and the 

related coefficient  produced by the buoyancy 
are included for the compressibility flow. When the 
flow is incompressible and the user-defined source 
items are not considered, 0 0,

bG

3C

bG MY kS 0,

0. Based on the values supplied by Launder and 
confirmed by the experiments, the related constant 
coefficients are set to be 1.44

S

1C 2C 1.92

0.09C k 1.0 1.3. 
2.4 Objectives of numerical simulation  

The influencing factor K for the base meter is to 
be researched with the numerical method. The 
velocity and pressure fields would be obtained, the 
influence of water temperature on the meter factor K
are and pressure loss between inlet and outlet of base 
meter are the main objects of this work. 

3. Experimental research 
3.1 Objectives of experimental research 

The meter factor K of determines the accuracy of 
flux measurement with a heat meter, and in ideal 
situation, K is constant. K is defined as 

v

f
K

q
                                  (6)                                    

The whole inner flow field can be obtained 
through the numerical simulation. Figure 6 shows the 
velocity vectors and contours in the vertical section 
while impeller turns the angles of 10

where f is the turn of impeller rotating, and qv is 
volume flux. In the practical environment, because of 
the influence of friction resistant moment, fluid 
viscous resistant moment and other elements, K is not 
a constant and changes in a certain range, which will 

be determined in this work. 
The ribbed plate located on the coping of the 

impeller cover was used to adjust meter factor. The 
ribbed plate is shown in Fig.3. The effect of the ribbed 
plate is experimentally researched herein. 

Fig.3 Ribbed plate located on the coping of the impeller cover     

Fig.4 Measurement equipment for heat meter 

3.2 Experimental equipment  
The experimental equipment and its inner 

structure are shown in Figs.4 and 5. The experiments 
were performed according to the testing regulation 
JJG225-2001. 

4. Analysis of numerical and experimental results 
4.1 Interior flow field of single-channel rotary-wing 

heat meter  

o, 20o, and 30 o 

respectively from a certain position. Figure 7 shows 
the velocity vectors and contours in the horizontal 
section while impeller is located at the same positions 
as in Fig.6. The left figures are velocity vectors  and 
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Fig.5 Inner structure of measurement equipment 

the right figures are velocity contours in Figs.6 and 7. 
As shown in Figs.6 and 7, the velocity 

distribution in the inlet tube is uniform and is not 
related to the position of impeller, which indicates that 
the flow condition of inlet tube has little influence on 
interior flow field of base meter. Because of the 
existence cone tube at the inlet, the flow can be 
rectified and the disturbance before the inlet has little 
influence on downstream flow. From Figs.6 and 7 it 
can be seen that larger velocity and velocity gradient 
exist at the axis and in the radial gap between the 
impeller and chamber, and the velocity and velocity 
gradient change periodically with the rotation of 
impeller. So the force acting on the impeller would 
change periodically as the impeller rotates, and the 
impeller will vibrate at the axis and in the radial 
direction. As  shown in Fig.7, swirls appear 
between two vanes, and the configuration of swirls 
changes with the position of impeller. This indicates 
the swirls can influence the rotation of impeller.   
4.2 Important factors influencing meter performance  
4.2.1 Influence of temperature 

The water temperature of heat meter changes 
with the working condition. The viscosity of water 
change greatly with the temperature, for example, the 
dynamic viscosity of water is 1.005×10 3 Pa·S as 
temperature is 20 , and is 0.357×10 3 Pa·S as the 
temperature is 80 . The former is threes time as the 
latter. The change of viscosity can influence the force 
acting on the impeller and maybe influence the meter 
factor K, so it is necessary to research its dependence 
on temperature. 

Experiments and numerical computaion show the 
influence of water temperature on the flux measuring 
accuracy is not important for the single-channel 

rotary-wing heat meter. The results of experiments 
and numerical computation are shown in Fig.8. From 
Fig.8 it is known that the meter factor K is constant 
and not changed as temperature in a permitted range, 
and the heat meter has good thermal stability. 
4.2.2 The influence of adjust ribbed plate on the 

coefficient of K
The adjusting ribbed plate can adjust the meter 

factor K to ensure that every heat meters has the same 
meter factor to facilitate the manufacture of heat meter. 
It is carried out by the way of adjusting the angle of 
(shown in Fig.3) to change the resistance of flow 
caused by the ribbed plate. The damping action of 
ribbed plate changes as the angle of . The effect of 
the influence is shown in Fig.9. 

As shown in Fig.9, the results of numerical 
calculation are consistent with the experiments. when 
the angle of is 90°, the ribbed plate produce the 
biggest resistance and the meter factor K is smallest, 
when exceed or is less than the 90°, the meter factor 
K and rotation velocity of impeller are increased. It is 
indicated that the ribbed plate located the top of 
impeller chamber can adjust the meter factor 
effectively.  
4.2.3 Influence of the number of vanes of impeller 

Impeller can transform the kinetic energy of 
water flow to the rotating energy of impeller. The 
straight vane is used in this research. The impeller is 
supported by the bearing located in the impeller 
chamber and has the same axis with impeller chamber.  
According to theory of rotating engine, with 
increasing number of vanes, the rotating speed of the 
impeller increases, resulting in the increase of the 
meter factor K and the improvement of the measuring 
accuracy. But on the other hand, increasing the 
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number of impeller can increase the resistance and 
increase the pressure loss. 

Fig.6  Velocity vectors and contours in vertical section while 
impeller is located at the different positions  

As is shown in Table 1, the results of numerical 
simulation are consistent with those of theoretical 
analysis. The impeller of DN20 heat meter owns 6-8 
vanes. According to the numerical results, the meter 
factor of the impeller with 5 vanes is obviously 
smaller and the so are the flux measurement accuracy 
and the distinguishable rate. 

Fig.7  Velocity vectors and contours in horizontal section 
while impeller is located at the different positions 

4.3 Pressure loss between inlet and outlet of the heat 
meter
The water flows through the heat meter would 

cause the pressure loss. The regulation requires that 
the pressure loss of heat meter must be amaller than 
25 kPa as flux is of rated value.  
Figure 10 shows the computed and experimental 
pressure loss for single-channel rotary-wing heat 
meter. The computed pressure loss is 20.5 kPa and the 
experimental pressure loss is 21 kPa as the flux is of 
rated value. The computed results are well consistent 
with the experimental results and the pressure loss of  
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DN20 heat meter can meet the requirements of 
JJG225 2001. The computed results show the k-
turbulent model is suitable for analyzing water flow 
in the heat meter. 

Fig.8 Influence of temperature on experimental and numerical 
results

Table 1 Result of numerical simulation 

Vane

number of 

impeller 

Rotating speed of 

impeller(r/min)
K (pulse/liter) 

5 760 73.2

6 782 75.1

7 783 75.2

8 813 78.0

5. Conclusion 
The above analysis shows that using CFD can get 

rather accurate results for examining the rotary-wing 
mechanism and provide a valuable way to research the 
interior fluid field of heat meter. This research also 
supplied an example of CFD application in the interior  

Fig.9 The influence of ribbed plate 

Fig.10 The pressure loss of experiment and calculation 

flow field in small space and show the numerical 
method can eliminate the lack of the experimentation. 
The computed and experimental results show the 
water temperature hardly influence the meter factor K.
But this research neglect the influence of thermal 
deformation of the impeller and chamber, and the 
influence of fluid-solid coupling is also ignored. The 
influence of thermal deformation and fluid solid 
coupling are not known and need be researched 
further. Changing the position of adjusting ribbed 
plate can obviously change the meter factor K and can 
improve the manufacturing. This article also shows 
that the impeller with 6-8 vanes is suited for the 
rotary-wing heat meter. The computed and 
experimental results indicate the pressure loss of the 
heat meter can meet requirements of regulations.  
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