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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 purpose of this study is to analyse the combined heat and mass transfer of liquid film condensation from vapour-gas mixtures 
flowing downward along an inclined channel. Both the liquid and mixture regions are approached by two-coupled laminar 
boundary layer. The model uses an implicit finite difference method to solve the coupled governing equations for liquid film and 
gas flow together with the interfacial matching conditions. The effects of the inlet to the wall temperature difference, the inlet 
Reynolds number, the inlet relative humidity and the angle of declination on the condensation process are examined. 
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1. Introduction 

The Condensation occurs when vapour is cooled below its saturation temperature. This phenomenon occurs in 
numerous thermal engineering applications such as refrigeration engineering, heat exchangers, desalination etc. A 
vast amount of work related to liquid film condensation have been conducted by many authors. Siow et al. [1] 
studied numerically the condensation of steam-air mixtures inside horizontal channel. Oh et al. [2] studied 
experimentally liquid film condensation with non-condensable gas in a vertical tube. Siow et al. [3, 4] developed a 
model to study laminar film condensation from steam-air mixtures in vertical and declining parallel-plate channels. 
Other studies of liquid film condensation in different geometries are also available in literature [5- 8].  

This paper presents the results from a complete two-phase model for laminar film condensation of water vapour-
air mixtures in inclined channel. 
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Nomenclature 

D Mass diffusivity,    Re  Reynolds number 
   Steam diffusive mass flux . RH0 inlet relative humidity, %
fgh    Latent heat of vaporisation, / ∆  Inlet-to-wall temperature difference, ( − ) °C

m0  Inlet mass flow rate,    Angle of declination, ° 

2. Analysis and modelling 

The problem of condensation by mixed convection in inclined channel was numerically analysed for vapour-gas 
mixtures. The right plate of channel is adiabatic, while the other is assumed to be dry and isothermal. A humid air 
enters the channel with uniform velocity u0, temperature T0, relative humidity RH0, and pressure p0. The flow is 
considered to be laminar, incompressible and two-dimensional. The channel is declining at an angle θ from the 
horizontal and the gravitational acceleration acts vertically downward (Fig. 1). 

Fig. 1. Physical model. 

2.1. Liquid phase equations 

The governing equations for the conservation of mass, momentum and energy respectively in the liquid region 
are written as:   
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2.2. Gas phase equations 

Similarly, the governing equations for gas flow region are: 
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