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Abstract. The experimental research has highlighted the variety of possibilities of combustion 
of animal fat from bovine and swine mixed with liquid hydrocarbons. Previous research has established 
that the upper limit for an efficient combustion was 30 %. For a perfect mixing, the lower temperature 
limit was set to 40 °C. In the fuel laboratory, at the department TMETF was determined the viscosity of 
the mixtures for different proportions. The values obtained for various concentrations and preheating 
temperatures were close to the values for liquid hydrocarbons. The experimental researches have studied 
the combustion of the mixture using a mechanically spraying burner with constant pressure between 14 
and 18 bar. The aspiration of the mixture is done from a specially designed tank; this tank is equipped with 
an electric heater, in order to maintain the mixture at a constant temperature between 40 °C to 50 °C.  
After that, the burner heats again the mixture with an integrated heating device up to 75 °C. The burner is 
also equipped with an air blower, pump and a calibrated nozzle. The combustion resulted from the 
experimental boiler with a power rated to 55 kW were monitored with a thermal vision camera and an 
exhaust gas analyser. This research has demonstrated the viability of using this type of mixtures in 
energetic burning equipment designed for liquid hydrocarbons. 

1. Introduction 

The method of combustion of animal fats (especially for bovine) was developed as a requirement for leather industry, 
because the animal fats are a waste which is hard to neutralize. As a result, the combustion of these animal fats is a 
solution which has energy and ecologically impact. The amount of animal fat waste in the leather industry is not very 
high, so it is planned to produce thermal energy through combustion in the boiler`s furnace [1-3]  
The combustion research on a diesel engine is not part of this paper. In the current state of development, the leather 
industry produces annually 11.000 to 12.000 tons of waste for combustion neutralization, representing about 50 % 
animal fats and 50 % protein. If protein is studied in order to transform it into biogas through anabolism, the animal fats 
can be burned by mixing in liquid hydrocarbons. The method of burning animal fats in liquid hydrocarbons is the main 
subject of this paper [4-7]. 
Previous studies on the physical, chemical and energetic characteristics of animal fats have indicated: 

 Elemental analysis; 
 The melting temperature in the liquid phase, minimum 40°C. 

Preliminary research has demonstrated the possibility of combustion for the 30 % concentration of animal fats in liquid 
hydrocarbons. For spraying and combustion studies it was necessary to determine the viscosity of the previously 
defined mixtures [8-11]. 
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2. Determination of viscosity of the mixtures composed from animal fats and liquid 
hydrocarbons 

The determinations were made in the University Politehnica of Bucharest, The Faculty of Mechanical Engineering and 
Mechatronics, department Thermal Systems and Equipment, Hydraulic and Pneumatic Systems and Equipment. 
In figure 1 are presented the experimental stand with: 

1. Process control thermometers; 
2. Viscometer Engler; 
3. System with electric heating stovetop for samples; 
4. Balance for weighing the mixture; 

 

 

Fig.1. The equipment used to determine viscosity for animal fat mixed in liquid hydrocarbons 

The experiments were done with fat from bovine and swine. The bovines and goats are a more important source for 
leather industry than swine. Figures 2 and 3 show the variation of the viscosity of the mixed liquid fuels with different 
animal fat concentration (10 %, 20 % and 30 %) depending on the temperature. 

 

Fig.2. The viscosity variation of the mixture animal fats from bovine with liquid hydrocarbons 

 

Fig.3. The viscosity variation of the mixture animal fats from swine with liquid hydrocarbons 
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In figure 4 and figure 5 are show the variation of the density of the mixture analysed. 

 
 

Fig.4. The variation of the density of the mixture 
    of animal fats from bovine with liquid hydrocarbons 

 
 
Fig.5. The variation of the density of the mixture of 

animal fats from swine with liquid hydrocarbons 

 

For the viscosity and density characteristic, the experimental determinations have demonstrated a very large 
approximation for mixture with pure liquid hydrocarbons, thus confirming the results of an efficient combustion with 
non-modified burners for liquid hydrocarbons. 

3. The results of experimental and simulation tests of combustion of mixture 

The combustion tests occurred in a hot water boiler, the boiler has a power rated to 55 kW and it is equipped with a 
burner GB - Ganz type ANYO -12R-2-1-0. The burner is designed for burning liquid hydrocarbons.  The experimental 
results confirm the successful use of these mixtures to small and medium sized hot water boilers. These boilers can be 
used to heat the space of production units in the leather industry or for industrial hot water generation [12-14]. 

In figure 6 can be seen the boiler installation together with a specially designed tank for the preparation of mixtures 
equipped with an electric heater located outside the burner. 

 

Fig.6. The experimental installation: 1) the boiler 2) the burner and 3) the specially tank 
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In order to achieve and control mixtures, it was used a free volume tank presented in figure 6, number 3. The tank is 
equipped with an electric heater and a contact thermocouple. The mixture is made in this tank with various 
concentrations by heating at temperatures between 40 °C to 50 °C; at these temperatures the animal fat is completely 
dissolved in liquid hydrocarbons ( in this case: diesel oil) . The maximum temperature of 50 °C is required by the 
operation of the burner pump on the suction side [15]. 

 The burner has a mechanical spray pump with constant pressure between 14 bar to 18 bar, the spray quality is 
also achieved with an integrated heating device at 70 °C to 75 °C. The burner has a flame stabilizer mounted 
on the air outlet section, which generates a local swirl. The swirling is achieved through channels with 60 ° 
inclined air outlet. The first part of the flame develops into a circular channel with a 74 mm inner diameter, 
which fixes the tangential component, so that the flame will be narrow. The construction of the burner in the 
aerodynamic part of the flame is presented in the figure 7 [16]. 
 

 

Fig.7. The construction details of the burner 1) spray nozzle 2) circular flame flow channel 3) tangential slits 

The analytical calculation highlighted the next functional elements for the burner: 
 

 Axial air velocity in the exit section: ux=20 m/s; 
 The tangential velocity:  𝑢ఝ = 37 𝑚/𝑠 ; 
 The equivalent degree of swirl: n=27; 
 The mass of fluid, m, entrained by the jet with the initial mass m0, at a distance, x, from the diameter, D: 

𝑚 = 𝑚଴(0.32 + 0.4𝑛)
௫

஽
        (1) 

 The average fuel particle diameter for the 18 bar pressure and animal fat concentration 30 %: d= 23µm  
 The combustion time calculated according to Spalding model: 𝜏 = 0.23 𝑠 
 The length of the flame, L, calculated with the relation below, has a value confirmed by the figure 8: 

𝐿 = 𝑢௫ ⋅ 𝜏 = 20 ∙ 0.23 = 0.46 𝑚             (2) 

In figure 8 is showed the aspect of the flame for the mixture with a concentration of 30 % bovine animal fat in liquid 
hydrocarbons. The measured flame was 0.468 m, this value confirming the calculations of the analytical models. 

 

Fig.8. The aspect of the flame for 30 % mixture bovine animal fat 

For a complete characterisation of the combustion processes, a numerical modelling of the processes by using the 
program ANSYS WORKBENCH 14.0 CFX was performed. The simulation of the flame was done in 2D. 
Aerodynamics of the flame jet regarding the velocity range from exit of the spray nozzle to the end of the boiler is 
shown in figure 9.  
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a) 

 
 

b) 
 

Fig.9. The flame speed range a) for the mixture with a 30 % concentration of bovine animal fat; b) for the mixture with a 
30 % concentration of swine animal fat 

 The aspect of the flame respects the results of the analytical study, the flame being long and thin. However, 
when using swine animal fat, the flame is 10 % thicker. 

 The heat range, defined by the flame temperatures, indicates for both mixtures, a core peak in the first flame 
combustion. 

 
 

a) 

 
b) 

Fig.10. The flame heat range a) for the mixture with a 30 % concentration of bovine animal fat b) for the mixture with a 30 
% concentration of swine animal fat 

The reverse flow characteristic of the swirling was not noticed due to the presence of the initial flame control tube.  
Combustion research comprised and determined the combustion gas emissions at evacuation to the chimney, the 
measurements being made with the MAXYLIZER NG. Excessive air and pollutant emissions were monitored.  A good 
burning, no pulsation of the flame and no particle emission, was achieved with an excess of air, ranging between 1.74 
and 3.11.  As shown in the figure 11 and figure 12, the combustion gas emissions do not depend of the fat mixing in the 
tested range. 
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Fig.11. The variation of the emission of CO2 with 

the concentration of bovine animal fat 
 

 
 

Fig.12. The variation of the emission of NOx with 
the concentration of bovine animal fat 

The set of research methods consisting of the analytical study, experimental data and numerical simulation, confirms 
through the data convergence, the viability of the possibilities of burning animal fat mixed with liquid hydrocarbons. 
Regarding air pollution, a special attention was given to NOx emissions; this emission was measured in exhaust gases to 
the chimney. The measurements indicated very low values for nitrogen oxides, even observing a tendency to decrease 
when increasing the percentage of animal fat, bovine or swine - this tendency can be observed in figure 12. 

4. Conclusion 

 Many researches on the combustion of mixed animal fats with liquid hydrocarbons have shown total 
applicability in the use of industrial burners with mechanical spraying; these are equipped with spray pumps with 
pressures above 14 bar and also with heating the mixture in two steps to a temperature of 75 °C.  The data obtained by 
modelling and numerical simulation confirmed and completed the data obtained by analytical studies and experimental 
measurements. The experiments with 40 % mixture animal fat in liquid hydrocarbons showed a pulsating flame as in 
figure 13 for a spray pressure increased to 18 bar. 

 

Fig.13. The aspect of the flame for 40 % mixture animal fat with liquid hydrocarbons 

The research has not continued on other types of burners, with higher spray pressures, because the obtained flame 
already indicates an incompatibility. The results obtained imposed the maximum limit of mixture with animal fat up to 
30 %. Pollution has not increased by mixing liquid hydrocarbons with animal fat. 
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