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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 

In this paper a theoretical approach is proposed and applied for quantifying the relevant radiation heat fluxes between the furnace 
walls, the internal surfaces and the flue gas. Numerical fluid dynamics calculations (CFD) are performed using a commercial 
code in which different wall emissivities are applied. To consider the spectral properties of the gas phase, the exponential wide 
band model (EWBM) was implemented into the CFD solver. Simulations results with a simplified gray radiation model and the 
EWBM clearly show that the simplified model leads to a considerable overestimation of the radiative heat transfer. Furthermore 
it can be shown, that for certain gas atmospheres the widely used gray radiation model is not suitable to identify the effect of high 
emissivity coatings on radiative heat transfer. 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of INFUB-11. 
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1. Introduction 

In many applications in chemical and thermoprocess industries gas phase radiation and solid body radiation are 
the predominant heat transfer processes due to the high temperature of the gas phase and the furnace walls. One 
objective within the context of furnace optimization and revision is to increase the efficiency of radiative heat 
transfer between the furnace walls and the materials or processes [1]. A common method to increase the radiative 
heat transfer is to increase the emissivity of the surfaces, which was subject of studies and praxis tests [1-3]. The 
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selection of appropriate surface materials is a crucial design criterion. The spectral properties of the atmosphere 
between radiating surfaces is often not considered correctly which leads to significant errors, especially, when 
dependencies on wavelength and temperature cannot be neglected. To estimate the influence of increased solid body 
emissivities (i.e. due to high emissivity coating) on the efficiency of radiative heat transfer by using CFD analysis, it 
is essential to use advanced gas phase models, which are able to capture the spectral properties of the gas phase. 

Absorption characteristics of gases are quite different from those of solids. Whereas gases like N2, O2 do neither 
absorb nor emit heat, combustion products like CO2 and H2O do over discrete wavelength intervals called absorption 
bands. For a practical consideration of gas radiation, different numerical simulation approaches exist. In general, 
these approaches are either gray gas models or non-gray gas models. The simple gray gas model (SGG) considers 
the effective absorption coefficient as the main parameter controlling the radiative properties of a gas mixture and 
assumes that radiant absorption and emission by gas molecules to be independent of the frequency of the radiation 
[4]. One of the more advanced non-gray models is the exponential wide band model (EWBM), which is based on 
experimental methods to analyze absorption of electromagnetic waves in gases [4]. The EWBM provides a set of 
semi-empirical expressions to predict the total band absorption. The EWBM can be used to predict radiative 
properties dependent on temperature, total pressure range, volumetric fraction and path length [5]. The EWBM was 
developed by Edwards and Menard [6], as well as Edwards and Balakrishnan [7]. The following relation is used to 
calculate the spectral absorptivity 𝛼𝛼𝜂𝜂,𝑖𝑖,𝑗𝑗 

 

𝛼𝛼𝜂𝜂,𝑖𝑖,𝑗𝑗 = 1 − 𝑒𝑒𝑒𝑒𝑒𝑒

(

 
 −(𝑆𝑆/𝑑𝑑)𝑖𝑖,𝑗𝑗𝜚𝜚𝑖𝑖𝐿𝐿

√1+
(𝑆𝑆/𝑑𝑑)𝑖𝑖,𝑗𝑗𝜚𝜚𝑖𝑖𝐿𝐿
𝛽𝛽𝑖𝑖,𝑗𝑗𝑃𝑃𝑒𝑒,𝑖𝑖 )

 
 

  (1) 

 
where 𝑖𝑖  refers to the absorbing species; 𝑗𝑗 refers to the band number; (𝑆𝑆/𝑑𝑑)𝑖𝑖,𝑗𝑗 is the mean line intensity to line 
spacing ratio; 𝜚𝜚𝑖𝑖  is the density of the absorber; 𝐿𝐿 is the path length; 𝛽𝛽𝑖𝑖,𝑗𝑗 the mean line width to spacing ratio at 1 atm 
total pressure; 𝑃𝑃𝑒𝑒,𝑖𝑖 is the dimensionless equivalent broadening pressure for each species. The parameters used in the 
EWBM model are tabulated for relevant species and are found in literature, e.g. [8, 9]. 
 

 

Fig. 1 Spectral emissivity dependent on wavelength of water. 

Fig. 1 shows the spectral emissivity of water vapor for 100 cm path length, at ambient temperature and pressure. 
The black curve shows the experimental data obtained from Eckert [10]. The green curve represents the results of the 
EWBM model, and the rectangular fields are the discrete emissivity bands. The benefit of the EWBM model in 
comparison to gray gas radiation models is its higher accuracy and the consideration of absorption bands. However, 
such models correlate with experimental data with an average error of approximately 20 % [8]. Furthermore, the 
models require high computational effort, since all data have to be integrated over wave-length.  

As we will show in this paper, using the SGG model to predict radiative heat transfer through atmospheres typical 
for combustion may lead to significant overestimation of heat transfer rates. 
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selection of appropriate surface materials is a crucial design criterion. The spectral properties of the atmosphere 
between radiating surfaces is often not considered correctly which leads to significant errors, especially, when 
dependencies on wavelength and temperature cannot be neglected. To estimate the influence of increased solid body 
emissivities (i.e. due to high emissivity coating) on the efficiency of radiative heat transfer by using CFD analysis, it 
is essential to use advanced gas phase models, which are able to capture the spectral properties of the gas phase. 

Absorption characteristics of gases are quite different from those of solids. Whereas gases like N2, O2 do neither 
absorb nor emit heat, combustion products like CO2 and H2O do over discrete wavelength intervals called absorption 
bands. For a practical consideration of gas radiation, different numerical simulation approaches exist. In general, 
these approaches are either gray gas models or non-gray gas models. The simple gray gas model (SGG) considers 
the effective absorption coefficient as the main parameter controlling the radiative properties of a gas mixture and 
assumes that radiant absorption and emission by gas molecules to be independent of the frequency of the radiation 
[4]. One of the more advanced non-gray models is the exponential wide band model (EWBM), which is based on 
experimental methods to analyze absorption of electromagnetic waves in gases [4]. The EWBM provides a set of 
semi-empirical expressions to predict the total band absorption. The EWBM can be used to predict radiative 
properties dependent on temperature, total pressure range, volumetric fraction and path length [5]. The EWBM was 
developed by Edwards and Menard [6], as well as Edwards and Balakrishnan [7]. The following relation is used to 
calculate the spectral absorptivity 𝛼𝛼𝜂𝜂,𝑖𝑖,𝑗𝑗 
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total pressure; 𝑃𝑃𝑒𝑒,𝑖𝑖 is the dimensionless equivalent broadening pressure for each species. The parameters used in the 
EWBM model are tabulated for relevant species and are found in literature, e.g. [8, 9]. 
 

 

Fig. 1 Spectral emissivity dependent on wavelength of water. 

Fig. 1 shows the spectral emissivity of water vapor for 100 cm path length, at ambient temperature and pressure. 
The black curve shows the experimental data obtained from Eckert [10]. The green curve represents the results of the 
EWBM model, and the rectangular fields are the discrete emissivity bands. The benefit of the EWBM model in 
comparison to gray gas radiation models is its higher accuracy and the consideration of absorption bands. However, 
such models correlate with experimental data with an average error of approximately 20 % [8]. Furthermore, the 
models require high computational effort, since all data have to be integrated over wave-length.  

As we will show in this paper, using the SGG model to predict radiative heat transfer through atmospheres typical 
for combustion may lead to significant overestimation of heat transfer rates. 
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