


considered this type of materials. The adjustment of these correlations was made from statistical analysis and 

development of algorithms in the Scilab tool. 

Currently, other types of methodologies are being implemented for the calculation and adjustment of these 

equations, as in the case of Hosseini et al. (2017) that applied the networks to the calculation of the minimum 

spouting velocity, with results that were able to predict a model consistent with experimental values, with an 

error of 11.87 %. 

Artificial neural networks can be an effective alternative as far as they can represent highly complex and non-

linear processes. In addition, they are quite flexible and robust against input noise and, once developed and 

their coefficients determined, can provide a rapid response for a new input. The works available in the literature 

compare neural networks with mechanistic/empirical models (Silva et al., 2015). In this study, an artificial neural 

network was developed in order to predict the minimum spouting velocity at the spouted bed, for a wide range 

of experimental data (300 points for adjustment and 38 points for tests). 

2. Experimental 

In this work five types of biomass have been used, all of them selected for being susceptible to energy recovery 

by combustion, because they have physicochemical properties compatible with a combustion system of 

particulate solid materials, because they are representative of a set of materials on the that the proposed 

technology can be applied and be complementary to guarantee a constant and non-seasonal supply of a future 

biomass combustion plant. 

The types of biomass used include waste from the pinus insignis sawdust industry, food industry residues such 

as rice husk and olive bones, herbaceous species such as rumex tianschanicus and poseidonia as poseidonia 

oceanica, a very common residue in the cleaning of Mediterranean beaches.  

The moisture content has been measured following the ISO-589 standard, using a halogen moisture analyzer 

(HR83, Mettler Toledo). The particle density has been measured by mercury porosimetry (Saldarriaga et al., 

2014) and the average particle size (average reciprocal diameter) according to the following expression: 

𝑑𝑝
̅̅ ̅ =

1

∑
𝑋𝑖

𝑑𝑝𝑖

 
(1) 

Table 1: Physical properties of the different biomasses used in this study. 

Biomass dp, mm ρs, kg m-3 ρb, kg m-3  Geldart 

Pinus insignis 0,76 496 189 0,52 D 

Rice husk 1,48 975 127 0,24 D 
Olive 2,33 1220 650 0,73 D 
Rumex tianschanicus 0,93 406 121 0,40 B 
Poseidonia 1,02 702 119 0,20 B 

 

In the physical properties, the irregularity of all the biomasses studied is evidenced showing that only the olive 

bone has a more spherical shape than the others, which influences its possible good fluid dynamic behavior as 

shown by different studies (Altzibar et al., 2013b) made with particles of spherical type, while the poseidonia, 

has a greater irregularity, presenting lower value of sphericity and that can influence its fluid dynamics 

remarkably. Likewise, it is observed that three biomasses belong to group D of Geldart and two to group B 

(Table 1) (Geldart, 1973). 

The pilot plant consists of a blower that supplies a maximum airflow of 300 Nm3 h-1 at a pressure of 1500 mm.c.a. 

The flow measurement is made with two mass flow meters controlled by computer and used in the intervals of 

2.5-50 Nm3 h-1 and 50-250 Nm3 h-1 respectively. The air flow is set by opening or closing a butterfly valve 

actuated by an electric motor that sends the excess air to the outside. When the required flow is less than 50 

Nm3 h-1, the air passes through the first meter being regulated in the second by means of another solenoid 

valve. The precision of this control system means that the error in the measurement is always lower than 0.5 %. 

Four conical contactors of polymethyl methacrylate have been used, whose geometric characteristics are 

summarized in the scheme of Figure 2. The dimensions are total height (conical section more cylindrical), 1.16 

m; diameter of the cylindrical zone, Dc, 36 cm; diameter of the base, Di, 0.068 m. The unit allows to operate with 

different cone angles, γ, having evaluated the contactors of 28 °, 33 °, 36 ° and 45 °, corresponding to a height 

of the conic section, Hc, 0.60, 0.51, 0, 47 and 0.38 m respectively. The values of the inlet diameter of the gas, 

Do, tested are 0.03, 0.04, 0.05, 0.06 m. The stagnant bed height values, Ho, are 0.05, 0.10, 0.15, 0.20 and 0.30. 
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Figure 5a shows the verified data of the artificial neural network. The figure compares the predicted values of 

the minimum spouting velocity and also shows the best linear fit corresponding to the predicted results, with an 

R2 of 0.942 (with an experimental range between 0.843 and 0.942), very similar to that found by Hosseini et al. 

(2017), analysis performed for particles of regular sphericity, confirming with this that the estimated networks 

are reasonably good in a wide range of operating conditions. Likewise, the good fit of the data is observed and 

coincides with the adjustments made by Saldarriaga et al. (2016), in which they compiled different correlations 

of the literature and adjusted the experimental data of different types of biomass with irregular sphericities to a 

new equation with a better fit. 

In order to verify the artificial neural network, the predictions obtained from ums for the trained model with 311 

data, this was compared with 38 data, which are shown in Figure 5b, in which the comparison of the values of 

the ums is observed predicted by the proposed neural network with the points of the experimental data. As it is 

observed, the data predicted by the network are consistent with the measured data (equality line). As shown in 

the figure, the linear adjustment is quite good and the same as Figure 6, which shows that the proposed network 

is quite good for a wide range of conditions and geometric parameters. 

 

(a)  (b)  

Figure 5. Comparison of the ums predicted by the neural network with the experimental data used, a. trained 

model and b. test model 

As mentioned above, few correlations involving irregular particles have been reported in the literature and only 

one equation that takes into account only those particles (Saldarriaga et al., 2016), to calculate the minimum 

velocity of the spouted bed. In the present study, it was possible to verify the correct fit of the correlation made 

by Saldarriaga et al. (2016), which significantly improves the adjustment of irregular particles as is the case of 

biomasses that always have irregular geometries and which are also difficult treatment in fluidized bed systems 

and that must be treated in other types of systems such as the static or bubbling bed, where it has presented 

better results. With these results, it could be verified the good behavior of the conical spouted bed with respect 

to irregular particle systems, and those reported by other authors that recommend the use of this system for the 

thermal treatment (pyrolysis, gasification and combustion) of waste from biomass in order to value and generate 

energy from these (Altzibar et al., 2014). 

4. Conclusions 

An artificial neural network has been developed in order to estimate the minimum spouting velocity (ums) in a 

spouted bed system. According to this, six dimensionless modules involving the entrance diameter, the cone 

angle, the static bed height, the particle and bed density and, finally, the particle diameter, have all been taken 

as an input for the model. 349 experimental data were made to five types of biomasses (rumex, pine sawdust, 

olive bone, rice husk and poseidonia), which were divided into 311 and 38 data for training and validation of the 

neural network model, respectively, which means that the model is based on a large number of experimental 

data. 

Likewise, this work shows that it is possible to use artificial neural networks (ANN) to estimate the minimum 

velocity of the bed at the pump. Similarly, although artificial neural networks and empirical models such as those 

applied by Saldarriaga et al. (2016) share the same parameters adjustment principles to match the experimental 

data observed, this study has shown that their adaptation characteristics are different. in the sense that RNAs 

achieved a reasonable performance by decreasing the base adjustment correlation for large databases with 

respect to empirical models. 

 

Nomenclature Greek letters 
dp Average particle diameter, m γ Cone angle, rad 
Do Gas inlet diameter, m ф Sphericity 
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Db Top diameter of the static bed, m  o Fractional void volume of static bed 

Dc Column diameter, m  ρ Density of the gas, kg m-3 
Di Contactor base diameter, m  b Bed density, kg m-3 

Ho Static bed height, m ρs Particle density, kg m-3 
Hc Height of the conical section, m    
Remsi  Reynolds number for minimum spouting, referred to Di, 

ρumsdpμ-1 
  

ums  Minimum spouting velocity measured at the inlet orifice 
Do, m s-1 
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