
 

TERMOTEHNICA     2/2008  65 

EXPERIMENTAL RESEARCH ON CRUDE 
VEGETABLE OIL COMBUSTION IN A SMALL  

BOILER – 55 kW 

Ion OPREA, Lucian MIHAESCU, Tudor PRISECARU, Gabriel Paul NEGREANU,  
Manuela Elena GEORGESCU, Elena POPA 

UNIVERSITY POLITEHNICA OF BUCHAREST, 
oprea@caz.mecen.pub.ro 

Rezumat. Lucrarea prezintă rezultate ale arderii uleiurilor vegetale brute si a posibilităţii utilizării acestora drept 
combustibil în instalaţii energetice staţionare. Această tehnologie prezintă oportunitatea unei noi utilizări în ţara 
noastră a uleiurilor vegetale, pentru producerea de energie electrică şi termică, faţă de utilizarea actuală pentru 
producerea de biodiesel. Cercetările au în vedere uleiurile vegetale brute obţinute din culturi indigene de rapiţă, 
soia, porumb şi floarea soarelui. Alegerea sortului de ulei economic utilizabil energetic este fundamentată pe baza 
analizei potenţialului agricol de producere de plante oleaginoase. Sunt prezentate caracteristicile energetice ale 
uleiurilor analizate şi rezultatele experimentărilor de aprindere şi ardere. Rezultatele arderii uleiului brut de floarea 
soarelui într-un cazan de putere termică redusă de 55 kW arată posibilitatea utilizării cu succes acestuia drept 
combustibil pentru producerea de energie.  
Cuvine-cheie: ulei vegetal brut, ardere, electricitate, căldură.  
Abstract. The paper focuses upon the possibility of combustion crude vegetable oils as fuels for stationary 
application. That is an opportunity of a new utilization in our country of the vegetable oils, for electricity 
production and heating systems, instead of the current situation of using in transportation as biodiesel fuel. The 
research is concentrated on crude vegetable oils obtained from some indigenous cultures: rape, soy, sun flower. 
An overview of the agricultural potential of oleaginous plants is made, the feedstock and the costs being essential 
in the choosing of the energy crops sort. The typical properties of some crude vegetable oils are presented and 
the first experiments on their ignition conditions. The results of crude sun flower oil combustion in an 
experimental 55 kW boiler are presented and discussed.   
Key words: crude vegetable oil / combustion / electricity / heating. 

1. INTRODUCTION 
Vegetable∗oils can be used in heating, cogeneration 

and transport applications, substituting conventional fuels. 
They are promoted by UE Directives as renewable fuels. 
Crude vegetable oils production and processing have 
low costs and low energy consumption. The good energy 
balance combined with a good CO2 balance recommends 
crude vegetable oils as economical-ecological biofuels 
for energy generation. This is a way to develop a 
renewable energy source in order to ensure the energy 
supply security and to reduce greenhouse gas emissions. 
In addition, especially with decentralized production 
and distribution, this way could have a positive impact 
on economics and employment for rural communities 
«1.Chiaramonti and Tondi, (2003) ». 

The paper focuses upon the possibility to burn crude 
vegetable oils for stationary applications, both industrial 
and domestic. The electric and heat generation using 
crude vegetable oil as fuels enlarges the application 
field of these instead of transport utilization until now. 

The main target of the research is to determine the 
quality and performances of these oils combustion in steam 
and hot water generator with a large scale of output. The 
minimum modification of the conventional liquid burners 
is a condition for a good economical efficiency 

The feasibility of the vegetable oils utilization is 
based on the Romanian agricultural potential that could 
sustain an industrial biofuels production. 

                                                 
∗ COFRET’08, Juin 11-13, 2008, Nantes – France. 

The first investigations and experiments concerning 
to some indigenous crude vegetable oils properties have 
demonstrated the possibility of the utilization for 
heating systems and electricity generation. From our 
country’s cultures the most significant sources with 
respect to the agricultural potential are sun-flower, corn 
germs, rape and soy. In addition bastard saffron oil was 
been proposed by an agricultural society to be tested. 

The evolution of the agriculture lands with ole-
aginous plants in Romania is given in (figure 1). The 
current crops are about (1 ÷ 1.6) t/ha, but the climate of 
our country and soil quality are favorable to obtain high 
crops, e.g. for rape of about (2.5 ÷ 3.5) t/ha. 

 

 
Fig. 1. Culture of the indigenous oil plants. 
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In comparison with the traditional liquid fuel vegetable 
oils are characterized by high viscosity, low thermal sta-
bility, high ignition point, very low sulphur content, 
relatively low cost. These typical properties impose com-
plex research in order to obtain economically-ecologically 
performance of the future burning technologies, without 
major modifications of the energy producing installations 
«5. Romanian annual statistic reports (1990-2005) ». 

Five types of crude vegetable oils with a possible 
stationary energetic utilization were tested to determine 
their characteristics: rape seed, soy bean, sun flower, corn 
germs and bastard saffron oils «4.Oprea and al. (2007)». 
The characteristics of rape seed and sun flower oils are 
shown in table 1, in comparison with lower fuel oil. 

 
Table I 

Characteristics of some vegetable oils and fuels usually 
employed in electricity and heat generation 

 Fuel Property  Unit 

Crude 
vegetable oils Lower 

fuel oil Rape 
seed 

Sun 
flower 

Density at 15 0C kg/dm3 0.918
5 0.918 0.90 

Relative viscosity 
at 50 0C 

0E 2.68 2.81 1.4* 

Low calorific 
power 

MJ/kg 40.24 39.37 40,6 
MJ/litre 36.96 36.15 36,5 

Ignition point 0C 267 313 50 
Sulphur content % wt 0.077 0.088  0.5 
Conradson 
Carbon residue % wt  0.279 0.294 1.0 

* Relative viscosity at 20 0C 
 

The results show that in comparison with lower fuel 
oil the two kinds of vegetable oil do not differ too much 
in terms of density and lower calorific power. Vegetable 
oils are characterized by a higher Ignition Point that 
could make more difficult the ignition but it is favorable 
for transportation and handling that begin safer (figure 2). 

For most vegetable oils the viscosity is higher than 
lower fuel oil. In order to have a good atomization and 
efficient burning the heating is one of the measures that 
enable burners to run on vegetable oil. 

Taking into consideration this aspects preliminary 
atomization and ignition tests were made. The ignition 
of the oil droplet blasted in a natural gas flame was first 
study and then the combustion of an atomized jet in a 
boiler furnace. The experiment has demonstrated a stable 
ignition for all kinds of vegetable oils for a atomizing 
pressure of (1 ÷ 1,5) MPa. For these ignition and 
combustion tests the vegetable oil was not preheated. 

A remarkable property of vegetable oil is the low 
sulphur content, which reduces drastically the SOx 
emission and the necessity of catalyst. 

Others properties refer to the content of water, 
phosphorous and ash, carbon residue, contamination, 
oxidation. A high contamination can block filters and 
atomization systems that impose filtering measures. A 
water-vegetable oil emulsion, despite a difficult stability, 
can be favorable for burning. 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

Fig. 2. Characteristics of some vegetable oils  
and liquid fossil fuels. 

 
Based on the vegetable oil characteristics and pre-

liminary tests on ignition and combustion a new stage of 
the research was completed, the combustion of a 
mechanical atomizing jet, by aid of a pump, in a 55 kW 
boiler furnace. 

2. THE EXPERIMENTAL INSTALLATION 
The configuration of the experimental installation is 

represented in figure 3. The choice of this measurement 
scheme, the acquired data allowed us to compute or 
evaluate several process parameters such as: boiler effi-
ciency, pollutant emissions, quality of combustion, etc. 

 

 
 

Fig. 3. Measurement scheme. 
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2.1. Hot water boiler 
The boiler is built in a steel “fire-tube” configuration 

and is designated to supply hot water to residential 
heating systems with radiators or other equipments. In 
figure 4 is shown an operational cross-section trough the 
boiler. 

 

 
 

Fig. 4. Hot water boiler – 55 kW. 
 

The boiler’s operation is based on two heat transfer 
mechanisms: radiation of the flame and convection 
between hot gasses trough smoke-tubes and surrounding 
water. One of the most important advantages of this 
combustion system is its versatility versus fuel: it is 
possible to burn solid fuel (wood, pellets, agricultural 
waste, and coal) on the built-in grate, or liquid fuel 
(diesel, vegetable oil) with an additional burner. In order 
to obtain a correct air-fuel ratio, aspiration holes are 
provided on the bottom of the furnace, and the burner 
ventilator injects supplementary air. 

2.2. Liquid fuel burner 
Due to the high vegetable oil viscosity, a burner 

provided with electrical fuel heater has been adopted 
(figure 5) (N-10-C/R-2-1-0 made by GB-Ganz). The 
burner is equipped with electrical ignition device, 
automatic combustion control, and optical flame 
surveillance. A built-in pump supplies 5,3 –10,5 kg/h of 
fuel in the pressure range of 5÷15 bar generating after 
combustion a thermal load of 60÷118 kW. 

 

 
 

Fig. 5. Liquid fuel burner. 

2.3. Measurement devices 
According to the measurement scheme presented in 

figure 3, the following meters have been used: 
• One water flowmeter made by Hokushin Electric 

Works, in range of (0÷4000) kg/h; 
• Two Hg thermometers for cold and hot water, in 

range of (0÷50) °C, respectively (0÷200) °C; 
• Flue gas analyzer MAXILYZER NG, a multifunc-

tional apparatus with built-in calculus functions. The 
analyzer can measure the hot gas and air temperatures, 
the weights of CO, O2, NO, SO2, furnace differential 
pressure, and calculate the weight of CO2, the air excess 
coefficient, and the boiler efficiency. 

• Radiative thermometer Omega OS3753 with two 
wave-lengths (0,9/1,55 µm), a portable apparatus used 
for detection of hot areas and their temperature mea-
surement in the range of 400÷3000 °C. It was used for 
the flame temperature measurement. 

• A combustion control system, that allows the 
balance between the heat generated by fuel combustion, 
the heat accumulated by the flowing water and the heat 
losses, starts the burner and measures the hot water 
temperature. 

3. ATOMIZATION CHARACTERISTICS 
In case of simple mechanical injectors without swirl 

chamber, the fineness of grinding is influenced by 
nozzle design and its functioning conditions (atomizing 
pressure). Thus, it is necessary to consider the following: 

– liquid flow rate (by increasing the outlet velocity 
or injector inlet pressure the droplet dimension decreases). 
Further more, the droplets become more homogeneous; 

– the increase of nozzle outlet diameter leads to 
larger droplets; 

In order to ensure a suitable atomization, for simple 

mechanical injectors, the ratio 
0d

L  between the channel 

length and nozzle diameter is recommended in range of 
(4 ÷ 6). 

For analytical calculus of maximum particle dimen-
sion resulted from atomization, the following expression 
may be used: 

 2
0

max w
kd

ρ
σ

=  (1) 

In the atomized liquid jet there are droplets with 
diameters varying from 0 to maxd , meaning that the 
atomization process is polydispers. The medium droplet 
diameter maxd  is insufficient to characterize their dis-
persion within the jet, because for the same medium 
diameter there are possible several droplet distributions. 

Thus it is necessary to take into consideration the 
distribution characteristic by droplet dimensions, in 
order to appreciate the atomization uniformity. 

In order to plot these characteristics, the droplets in 
range of minimum and maximum diameter, are divided 
in dimension groups having the same diameter variation 
domain. 
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Corresponding to each medium diameter of the 
group represented on abscissa is represented on ordinate 
the in  number of droplets from that group. The locus of 
these points represents the frequency curve. 

One obtains: 
– the frequency curve: 

  
)(
)()(1

i

i
i dd

nddf =  (2) 

– the sum curve: 
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Both curves point out the liquid atomization quality. 
The closer is mind  to maxd , the more uniform atomi-
zation is. 

The fineness of grinding is improved if the curve 
peak )(1 idf  is closer to coordinate axis origin and the 

atomization uniformity is better if the in  slope is 
larger/bigger. 

Absolute curves are inconvenient for comparing 
different characteristics, there for, in common practice 
are used relative parameters, expressed either as ratio, 
either as percent. 

Usually, quantitative, surface and volume relative 
frequency curves are used. 

The common equation for these curves is: 
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The equation of these curves is expressed as: 
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Function of parameter p, are obtained the quantita-
tive curves 0R , 0S , for 0=p , the surface curves 2R , 

2S , for 2=p , and volume curves 3R , 3S , for 3=p . 
Based on double logarithmic network Rosin-Ramler-

Benner, grinding analysis method can be used to study 
the distribution uniformity considering the droplets di-
mensions: 

 

m

id

d

eR
⎟⎟
⎠

⎞
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⎝

⎛
−

⋅= 100  or 

m

md
d

eR
⎟⎟
⎠

⎞
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⎝

⎛
−

⋅= 100  (6) 
where R  is droplets mass percent, out of the total 
number of droplets for which the diameter is larger or 
equal than an established diameter d . The medium 

droplets diameter, md , corresponds for 1=
md

d  and 

%6.36=R . For burners with mechanical atomization 

under pressure, dispersion parameters m  have values 
from 2 to 4. 

Calculus pointed out the value for the distribution 
coefficient 98.2=m . Corresponding to this value, the 
following particle diameters emerged: md μ124max =  
and mdm μ72= . 

The same ratio between the two diameters as for 

light volatile liquid fuels is highlighted m

md
d

924.5max = . 

In conclusion, the calculus proved a good atomi-
zation when using mechanical pump injectors. This 
conclusion is sustained by experimental investigation. 

4. RESULTS AND DISCUSSIONS 
The combustion experiments were made for sun 

flower crude vegetable oil versus low fuel oil. Both 
fuels were preheated at a temperature of about (70 ÷ 80) 0C. 
The burner was equipped with an atomizing nozzle with 
a diameter of 1.5 mm and the atomizing pressure was in 
the range of (1.35÷1.4) MPa. The results of the com-
bustion tests for crude sun flower oil and low fuel oil 
are shown in table II. 

 
Table II 

Combustion results for crude sun flower oil  
and low fuel oil 

 Sun flower 
crude oil 

LFO 

Thermal regime [kW] 35 37 40 50 
Fuel rate [kg/s] 7.12 5.82 
Stag temp. [0C] 317 333 334 253 
Water rate [kg/h] 590 600 
Water Δt [0C] 50.8 53.8 58.1 71.2 
Flue gas  
O2 [%] 8.6 9.81 9.67 8.80 
CO2 [%] 9.0 7.76 7.61 8.90 
CO [mg/m3] 378 392 386 200 
NOx [mg/m3] 136 160 165 104 
SO2 [mg/m3] 4 7 7 14 
Air λ 1.7 1.82 1.85 14.7 
Depr. [hPa] 0.10 0.10 
qA [%] 16.8 17.4 17.5 85.3 
Boiler efficiency [%] 62 61 61 68 

 
The vegetable oil rate of flow was 7.12 kg/h that 

have ensured a thermal power of (35÷40) kW for the 
boiler. 

The flame has had a yellow color, without presence of 
smoke or carbon black. Figure 6 shows the flame aspects, 
for 100% crude sun flower oil. The flame temperature 
indicated by the pyrometer was about 2000 0C. The 
vortex range of the flame characterized by the parameter 
“s” was 2.2. 

The pollutant emissions, for O2 3% in flue gas, are 
in accordance with the accepted limits, the maximum 
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values were: CO = 334 mg/m3, NOx = 165 mg/m3 and 
SO2 = 7 mg/m3. 
 

 
 

Fig. 6. Flame aspect for crude sun flower oil. 
 

In order to emphasize the ignition capacity of crude 
vegetable oil by aid of the burner spark plug, the boiler 
was start up in cold condition. The results of more than 
20 start up regimes have shown a good stability for 
ignition and flame. The atomized swirl jet of the fuel, 
with an air excess coefficient  λ = 1.2 has hade a length 
of 500 mm, in accordance with the boiler furnace length. 
The combustion performances of the crude sun flower 
oil, versus low fuel oil, for the same boiler and burner, 
in the same control conditions were comparatively the 
same. The results show that: 

– the burner that was designed for LFO has had the 
same thermal regime; 

– the flame length, volume and temperature were 
similar; 

– NOx emission is similar, but the emission of CO is 
higher for vegetable oil. 

The low efficiency of the boiler is explained by its de-
sign that was made only for the study of the combustion  

process and for a large type of solid and liquid fuels. For 
a good resistance at the high flue gas temperature the 
boiler stack was manufactured from stainless steel. 

In conclusion, the experimental burning of the crude 
vegetable sun flower oil has demonstrated the 
possibility to generate heat in similar condition with 
LFO as fuel. 

Nomenclature 
d  [m] droplet diameter 
k  - maximum droplet diameter coefficient 
m - dispersion parameters 
R  [%] mass fraction 
w  [m.s-1] velocity 
ρ  [kg.m-3] density 
σ  N.m-1] surface tension 
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