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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 

Explosion characteristics of syngas/air mixtures was investigated numerically in a 3-D cylindrical geometric model, using ANSYS 
Fluent. The results showed that the maximum explosion pressure increased from lean to an equivalence ratio of 1.2, then decreased 
significantly with richer mixtures, indicating that maximum explosion pressure occurred at the equivalence ratio of 1.2, while 
explosion time was shortest at an equivalence ratio of 1.6. Increasing H2 content in the fuel blends raised maximum explosion 
pressure and significantly shortened the explosion time. Normalized peak pressure was sensitive to the initial pressure of the 
mixture, showing that they significantly changed with increased initial pressure. 
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1. Introduction 

Recently, syngas has emerged as the likely candidate for greener energy conversion since it possesses numerous 
advantages in stationary power generation [1]. In transportation, storage and fuel usage, explosion is a serious hazard 
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that causes injury and damage to its surroundings. When such an explosion takes place in a closed chamber, without 
proper venting or suppressing devices, it can damage the combustion chamber. To prevent such incidents, it is 
necessary to understand fuel explosion behavior and its proper use. 

Computational fluid dynamics (CFD) coupled to chemical mechanism has been revealed as a numerical simulation 
technique to predict combustion performance resulting from physical and chemical processes of a flame. Among 
commercial softwares, ANSYS Fluent has been widely used to solve complex compressible and non-compressible 
fluid flows, including simulation of the combustion process in a closed chamber [2]. 

In this study, the explosion behaviors of syngas/air mixtures were numerically investigated at various equivalence 
ratios, H2:CO ratios, and initial pressures, using ANSYS Fluent software, subsequently a simulation method to estimate 
the explosion hazard of a syngas/air mixture in a confined space is proposed. 

2. Numerical simulation 

The analysis of a gaseous explosion process in a cylindrical chamber was conducted by means of a finite-volume 
CFD three dimensional model, based on the unsteady Reynolds Averaged Navier Stokes approach. A 3-D cylindrical 
geometry model, with a diameter of 20 cm and a length of 22 cm, was generated. The gaseous explosion process 
followed conservations of mass, momentum, energy and chemical components. 

The conservation of mass is 
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where xj is the space coordinate in the direction j, t is the time,  is the density, and uj is the velocity component along 
the direction j. 

The conservation of momentum is 
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where p is the fluid pressure and ij is the stress tensor. 
The conservation of energy is 
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where SE is a source of energy, qj is heat flux, E is expressed as E = e + ½ ui uj, with e the internal energy per unit 
mass. 

The conservation of chemical species is 
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where Yi is the mass fraction, Ji is the diffusion flux, and Ri is the rate of generation of chemical species i. 
For the turbulence closure model, the realizable k– model, incorporating the solution of transport equations for the 

turbulent kinetic energy and its dissipation rate, was chosen. The laminar finite-rate model was used to compute 
chemical source terms. The optimized H2/CO mechanism of Davis et al. [3], with 14 species and 30 reactions, was 
used. For density, the ideal gas law was selected. The transport property of pure species was determined based on the 
molecular kinetic theory; and the specific heat capacity of pure species was evaluated with piecewise temperature 
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polynomials. The momentum term was treated with a second-order upwind scheme, and the pressure and velocity 
were solved with a SIMPLEC algorithm [2]. All of the governing equations were solved with the unsteady solver 
available in ANSYS Fluent 16.2. 

A structured mesh, with hexahedral elements for the internal fluid field, was generated using ICEM CFD. Figure 
1a shows the computational domain with 255,000 total cells and grid spacing of 4 mm. The only boundary condition 
was the temperature on the wall, which was set to 298 K; during the short sequence of the explosion, the wall 
temperature could not rise substantially. The wall thickness was set at 0.01 m and the material used was stainless steel. 

The initial conditions were the mass fraction of the mixture, H2, CO, O2, and N2, which were changed to correspond 
with the equivalence ratio. The initial temperature of the mixture was 298 K and the pressure in the chamber was 
varied to match the experimental conditions. 

A sphere patching region of 3 mm radius, with a temperature of 1500 K, was located at the center of the geometry 
to ignite the combustible mixture. The pressure value was monitored at a point on the wall (Fig. 1b), to match with the 
pressure transducer location in the experiment. Data were collected every ten time steps with 2e–5 sec for each time 
step. Figure 1c shows an initial temperature field, which is a small high-temperature-regime, located at the center of 
the 3-D cylindrical geometry. 

3. Results and discussion 

3.1. Temperature and velocity distributions in propagating flame 

 

Fig. 1. CFD model for simulating the explosion, (a) Mesh of internal fluid, (b) Schematic diagram of chamber, (c) Initial temperature field. 

 

Fig. 2. Simulated (a) temperature and (b) velocity contours of 50H2:50CO/air propagating flame at Pu = 0.1 MPa and  = 0.8. 

Figure 2 shows variations of the simulated temperature and velocity fields of 50H2:50CO/air propagating flames at 
initial pressure (Pu) of 0.1 MPa and equivalence ratio () of 0.8 at different temporal evolutions. In the temperature 
field shown in Fig. 2a, the red, blue and green (between red and blue) regions represent the burnt, unburned (fresh) 
gases, and the reacting zone (flame front) respectively. After ignition, the flame front propagated outward spherically 
until it touched the wall, like the propagating flame observed in the experiment [4–6]. The maximum temperature was 
around 2200–2500 K, which is in agreement with the adiabatic flame temperature of 2211.4 K. Figure 2b shows that 
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the velocity was greatest at the flame front, where the chemical reaction occurred. It is noteworthy that the fresh gas 
velocity at the entrance of the preheat zone of the flame front (green color), i.e. the right outward regime of the flame 
front, was higher than the velocity of the fresh gas far upstream (blue), indicating that the propagating flame pushed 
away the fresh gas at the preheat zone of the flame front. This phenomenon was reported in a spherically propagating 
flame [7] and in a propagating edge-flame in a slot burner [8]. 

3.2. Effect of equivalence ratio 

Figure 3 shows simulated pressure histories during combustion of 50H2:50CO/air premixed flames at the initial 
pressure of 0.1 MPa and various equivalence ratios. Maximum explosion pressure increased from lean ( = 0.8) to 
equivalence ratio of 1.2, then decreased significantly when mixtures were rich, indicating that maximum explosion 
pressure occurred at  = 1.2. This occurred because the maximum value of the adiabatic flame temperature for 
50H2:50CO/air mixture was at  = 1.2 causing maximum explosion pressure to occur at the same equivalence ratio. 
Another interesting point is that the shortest explosion time occurred at  = 1.6. The laminar burning velocity of the 
50H2:50CO/air mixtures reached the highest value at  = 2.0 [9–11]; therefore, the combination of the two effects––
the maximum adiabatic flame temperature at  = 1.2 and the maximum laminar burning velocity at  = 2.0––caused 
the explosion time, tc, of the 50H2:50CO/air mixtures to be shortest at  = 1.6. 

 

 

Fig. 3. Explosion pressure of 50H2:50CO/air mixtures at various equivalence ratios and initial pressure of 0.1 MPa. 

3.3. Effect of H2:CO ratio 

Figure 4 shows simulated pressure histories of various syngas/air mixtures at Pu = 0.1 MPa and  = 1.0. It can be 
observed that the maximum explosion pressure of syngas/air flames slightly increased with increasing H2 content in 
the H2/CO fuel blends. The explosion time was significantly influenced by the H2/CO ratio, showing that it was 
shortened by increasing the H2 content in the fuel blends. The main reason for the shortened ignition time was that the 
laminar burning velocity of the syngas/air mixture increased quickly with H2 enrichment in the fuel blends, due to the 
thermal effect of increasing heat release, thereby increasing the adiabatic flame temperature for H2 enrichment [12]. 
Although the differences in Pmax among these mixtures were not significant, it can be expected that the pressure rise 
rate for mixtures with high H2 content is much greater than with low H2 content mixture, due to faster explosion time. 

3.4. Effect of initial pressure 

Figure 5 shows normalized pressures (P/Pu) of the 50H2:50CO/air premixed flames at  = 0.8, with various Pu. It 
can be observed that pressure rise during combustion is very sensitive to the initial pressure change of the mixture. 
Because self-acceleration of the flame, caused by flame front instabilities at elevated pressures conditions, was the 
dominant factor in turbulent propagating flames, it increased the maximum explosion pressure and shortened the 
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explosion time. However, ANSYS Fluent predicted an opposite trend of explosion time at elevated pressures. In this 
study, the same ignition conditions (location, size and temperature) were used to ignite all mixtures, regardless of the 
initial pressure. It is expected that the ignition conditions could have a strong influence in the early propagating flame, 
affecting the explosion time of the flame at elevated initial pressures. Therefore it will be necessary to study the effects 
of the ignition conditions which may affect propagating flames at elevated pressures. 

 

 

Fig. 4. Explosion pressure of various H2:CO/air mixtures at initial 
pressure of 0.1 MPa and equivalence ratio of 1.0. 

 

Fig. 5. Explosion pressure of 50H2:50CO/air mixtures at various 
initial pressures and equivalence ratio of 0.8 

4. Concluding remarks 

In this study, explosion characteristics of various syngas/air flames at different equivalence ratios, H2:CO ratios 
and initial pressures, were numerically investigated to evaluate the hazard of the explosion of syngas/air mixtures. The 
major conclusions of the study are as follows: 

1. The maximum explosion pressure occurs at  = 1.2, while the explosion time is shortest at  = 1.6. 
2. The maximum explosion pressure slightly increases, while the explosion time is significantly shortened by 

increasing H2 content in the fuel blend. 
3. Normalized peak pressure increases with increased initial pressure. 
4. Effects of Fluent setting conditions––especially ignition conditions—must be studied further to predict better 

the explosion of propagating flames at elevated pressures. 
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