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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

The noise pollution in pipelines exists for a long time and can’t be ignored in modern industries. It is important to investigate the 
transfer mechanism of sound energy in pipelines and develop high efficiency mufflers with low penalty of pressure drop.  
Different with the traditional method, this study is focused on the flow and sound fields synergy principle to investigate the flow 
noise propagation mechanism in reactive mufflers. In this study, theoretical analysis and numerical simulation methods are 
coupled to investigate the noise propagation process. In the theoretical analysis aspect, the synergetic relationships between the 
flow and pressure gradient fields are deduced and the field synergy theory is established. In the numerical simulation aspect, the 
flow noise propagation process in the simple expansion chamber mufflers is studied. The results show that with the decrease of 
synergy between flow and sound fields, the work done by the fluid on the wall decreases, which means the exchange of sound 
energy between the wall and the fluid decreases.  
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the 9th International Conference on Applied Energy. 

Keywords: Field synergy principle; Flow noise propagation; Numerical simulation; Fluid flow 

1. Introduction 

Pipeline acoustics is an important branch of acoustics to study the principle of acoustic propagation in pipelines. 
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Traditionally, the noise reduction measurements in pipelines are mainly based on the perspective of sound 
propagation, focused on the transmission medium impedance matching characteristics and the dissipative process of 
sound energy in the propagation medium, but few are on the synergy between flow and sound fields. Selamet et al. 
[1, 2] investigated in detail the effect of the length on the acoustic attenuation performance of concentric expansion 
chambers with fixed inlet and outlet ducts. Middelberg et al. [3] studied the acoustic performance of various simple 
expansion chamber mufflers with computational fluid dynamics analysis. Bilawchuk et al. [4] concluded that the 
finite element method (FEM) was better suited for this kind of application. Different with the traditional method, 
this study is focused on the flow and sound fields synergy principle to investigate the flow noise propagation 
mechanism in pipelines. Guo et al. [5] firstly developed the field synergy principle to improve heat transfer 
performance. Through literature review, it can be found that field synergy principle is applicable in many multi-field 
coupling situations. Totally, as a first trial the propagation mechanism of flow noise in pipelines is revealed from the 
flow and sound fields matching perspectives. 

2. Field theory analysis 

Any form of acoustics equations are available to be deduced from the fluid continuity equation, motion equation, 
energy equation and state equation. Through liberalizing the fluid equation and different assumptions, different 
forms of acoustics equations are obtained. 

Euler equations [6]: 
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(1) 

Where ρ ，v，P, c, s represent the density, velocity, pressure, speed of sound and entropy of the fluid respectively, 
and f, q represent the external force acting on the fluid and the quality of the source respectively. 

For small cross-section and export pipelines, which typically use the acoustic plane wave propagates, so that there 
is a one-dimensional acoustic wave equation [7]:  
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Where p represents the sound pressure. 
Based on the basic and necessary equations, the synergy between flow and sound fields are deduced as follows,  
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Where ρ0 ，v0，c0 and P0 represent density, velocity, pressure and speed of sound of the fluid under steady flow 
respectively. And γ represents the specific heat capacity. 
And then 

1 p
a

    (4) 

For stationary flow, substitute equation (4) into equation (1),  
 v p a v q       (5) 

In fluid mechanics, the dot product v p   is defined as the amount of fluid work, the product of the pressure 
gradient modulus and velocity gradient modulus is the fluid pumping power [8]; on the velocity vector field, micelle 
fluid motion analysis demonstrates that the physical meaning of velocity divergence is the time rate of relative 
volume during the fluid elements motion process, and thus v represents the time rate of the relative quality; q  
represents the additional quality of the source. So the synergy between flow and sound fields can be characterized 
with the synergy between velocity field and pressure gradient field. 
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