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Abstract:The paper deals about the impact of the amount of combustion air and its 
allocation between primary, secondary and tertiary entrance to the combustion 
process. Concentration of emission and heat power of source can be affected by 
several factors. One of the important factors is the amount of combustion air and 
its allocation to primary and secondary combustion air. The paper includes a 
proposal of experimental equipment, where the effect of the amount of combustion 
air to formation emission was examined. The measurement methodology, 
measured results and analysis of the achievements are also described. 

1. INTRODUCTION 
Nowadays, much attention is paid to environmental protection. Manufacturers of 
fireplaces improve their products, which give the user comfort. The economic reasons 
lead people to use in addition to central heating and heating stoves, fireplaces, fireplace 
stoves. Stoves and fireplaces are a modern heating source with a much smaller release 
of fumes than traditional stoves, and also makes better use of wood energy and thus 
saving fuel. Modern modifications allow an increase of heating efficiency and limit the 
formation of flue gas. In particular, the way of fuel combustion is reflected in fuel 
consumption and emission parameters. Based on this knowledge were carried out 
measurements and the results deals with the impacts of the amount of combustion air to 
the formation of particulate matter. 
 

 

2. EXPERIMENTAL DEVICE 
As the heat source was used fireplace rated at 6 kW (Fig. 1.). As fuel was used wood 
with a moisture content 11.15 % and calorific value of 16420 kJ. kg-1. 
The three air inlets were applied in the experimental measurements (see Fig. 2.) 
• primary (frontal) – airflow through the grate and ashtray towards fuel. Primary air 
is needed in the combustion process, so an ashtray must be emptied so often in order to 
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ensure a supply of primary air. Ensures the evaporation of water from the fuel and the 
flammable gases are released; 
• secondary (back) – process using residual combustible gases that would normally 
escape through the chimney. There is an increase in efficiency and thus lower fuel 
consumption; 
• tertiary (top) – used for blowing off the windshield and prevents clogging, also 
contributes to improvement of combustion process and reducing emissions.Fireplace is 
designed for burning of piece wood. 

Figure 1: Experimental device -Fireplace 

Figure 2: Location of combustion air inlets 
 

Combustion air inlets were locked onto the heat source. The amount of supply air to the 
combustion process was measured by an anemometer. Combustion process was 
controlled by the supply of primary, secondary and tertiary air. Each air inlet has a 
damper. The damper has eight positions of adjustment from 0 to 7, which can regulate 
the amount of combustion air. In order to evaluate the quality of combustion process, 
the gas composition was measured by gas analyser. Test equipment is shown in Figure 3. 
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Figure 3: Scheme of experimental device
 

3. ANALYSIS OF MEASURED RESULTS 
During the measurements were recorded concentrations of following emissions: CO, CO2, 
SO2, NO, O2, TOC in the flue gas. The amount of combustion air was varied by changing 
the position of damper or changing the position of air inlet on the back of fireplace. 
Amount of primary combustion air affected the concentrations of emission and 
performance parameters of the heat source. Damper is closed gradually from position 0 
to position 7, which adjusted the amount of combustion air. Secondary and tertiary air 
supply was fully open during the experiments. Each position of the damper was 
measured but significant changes were seen at positions 0, 2, 5, 7. Concentration of NO 
emissions achieved during the whole measurement were in an average value of about 40 
ppm. Measured carbon dioxide concentrations were very low around 3.3%. Were also 
measured low concentrations of sulfur dioxide (9 ± 3 ppm), which is typical for biomass 
containing low amount of sulfur in its composition. 
Measurement of secondary air takes place gradually in four rows in experimental 
fireplace. In each row were performed measurements for different position of damper: 0, 
2, 5, 7. Primary and tertiary air intake was fully open during the measurements for 
different position of damper. Amount of secondary air has a negligible effect on the 
concentration of CO2, NO and SO2. Change in the amount of secondary air have the 
greatest impact on the CO concentration. Maximum CO concentrations were measured 
when the secondary air supply was connected in the second row. By reducing the amount 
of tertiary combustion air slightly increasedNOx emissions, CO2, while there was a 
significant reduction in CO. 
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Figure 4: Dependence of CO on air inlet

Figure 5: Dependence of TOC on air inlet 
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Figure 6:Dependence of heat power on air inlet 

 
Figure 7:Dependence of device effectiveness on air inlet 

 
Increased performance and efficiency of the experimental test device showed meaningful 
changes in the tertiary air inlet. The smaller was the amount of tertiary air, the higher 
output and efficiency of the device was registered. 
The following graphs (see Fig. 5 to 7) show carbon monoxide CO, tough organic carbon 
TOC, performance and effectiveness, depending on the flow of air (primary, secondary 
and tertiary) and position of damper in the secondary inlet. The highest concentrations of 
carbon monoxide were measured in combustion with high amount of combustion air. The 
minimum concentrations of carbon dioxide was emitted, when the top inlet and rear inlet 
were closed. 
On the figure 8 are shown the minimal and maximal values of measured particulate 
matter concentrations (PM). Measurement of PM for all fully open combustion air reached 
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concentration 21 mg.m-3. Minimum concentration of PM was registered with the 
involvement of secondary supply in the second row, where only 13,09 mg.m-3 was 
measured.  
 

 
Figure 8:Dependence of PM on air inlet 

 
 

4. CONCLUSIONS 
Amount of combustion air and proper distribution between primary, secondary and 
tertiary inlet has a significant impact on emissions, power and efficiency of heat sources.  
The PM emission arising from the combustion in the fireplace shows that the maximum 
concentrations were measured when lower volume of the air was supplied into the 
combustion process.Can be concluded that in terms of PM is advantageous to supply 
higher amount of combustion air. 
Experimental measurements show that manufacturers of heat sources must pay 
attention to this problem in order to achieve the best operating parameters. 
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