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Abstract: The measurement accuracy of an ultrasonic heat meter depends on the relationship of the profile-linear average velocity. 
There are various methods for the calculation of the laminar and turbulence flow regions, but few methods for the transition region. 
At present, the traditional method to deal with the transition region is to adopt the relationship for the turbulent flow region. In this 
article, a simplified model of the pipe is used to study the characteristics of the transition flow with specific Reynolds number. The 
k ε−  model and the Large Eddy Simulation (LES) model are, respectively, used to calculate the flow field of the transition region, 
and a comparison with the experiment results shows that the LES model is more effective than the k ε−  model, it is also shown 
that there will be a large error if the relationship based on the turbulence flow is used to calculate the profile-linear average velocity 
relationship of the transition flow. The profile-linear average velocity for the Reynolds number ranging from 5 300 to 10 000 are 
calculated, and the relationship curve is obtained. The results of this article can be used to improve the measurement accuracy of 
ultrasonic heat meter and provide a theoretical basis for the research of the whole transition flow.   
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Introduction 

At present, the technology level of the 
homemade ultrasonic heat meter is not high and the 
flux measurement accuracy can not meet various 
requirements. The measurement accuracy is mainly 
depend on two factors : (1) the signal collection by the 
electronic component, (2) the relationship of 
profile-linear velocity of flow. Its flow measurement 
principle is shown in Fig.1.  

The ultrasonic Transducer A (TRA) and 
Transducer B (TRB) not only can emit the ultrasonic 
impulse (with an incident angle θ ), but also can 
receive the ultrasonic signal. Because the ultrasonic 
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velocity in the downstream and upstream is different, 
the time for the ultrasonic signal to reach the two 
ultrasonic transducers is different, with a time 
difference tΔ . The linear average velocity  is 
obtained by capturing this time difference 
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where D  is the diameter of the pipe. 

 
 
 
 
 
 
 
 
 
 

Fig.1 Flow measurement principle of the ultrasonic heat meter 


