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2.	 Experimental research

The aim of the research was the analysis of the impact of 
oxygen-enriched combustion within the range between 21% 
and 30% on the concentration of nitrogen oxides. Experimental 
studies were carried out on two laboratory stands, namely 
a cylindrical chambers, being a simplified models of the pusher 
type reheating furnace. The basic element of the first laboratory 
stand (Figs. 1, 2) is a cylindrical combustion chamber with an 
internal diameter of 0.12 m and total length of 3 m. The chamber 
is divided into three parts. The first one is made of quartz and 
next two are made of ceramic. In the initial segment of chamber 
the industrial swirl burner fueled with natural gas of maximum 
power equal to 10 kW is positioned. In order to achieve a steady 
state conditions the combustion chamber was heated up to 
about 1300ºC for about 5 hours. At entire length of the chamber 
fifteen measuring points allowing to measure the temperature 
are placed. In the case of research presented in this article the 
temperature was measured at seven points, i.e. in 2, 4, 6, 8, 11, 
13, 15. Location of measuring points is presented in Table 1. The 
air was supplied into the burner with the use of compressor. The 
oxygen taken from the cylinder was injected directly into the 
combustion chamber directly through the burner.

Fig. 1. Scheme of the first experimental stand: 1– burner, 2– 
combustion chamber, 3– measuring points, 4–gas analyzer probe, 5– 
thermocouple PtRh10-Pt

Figure 2. View of the first experimental stand

TABLE 1
Location of the measuring points

Number of measuring point Distance from the burner outflow, m
1 0.12
2 0.29
3 0.47
4 0.64
5 0.80
6 0.97
7 1.22

8 1.42
9 1.62
10 1.91
11 2.11
12 2.31
13 2.51
14 2.71
15 2.91

The second experimental stand (Figs. 3,4) consists of 
the cylindrical ceramic combustion chamber with 90 kW 
gas burner. The temperature was measured at four points, 
i.e. in 2, 4, 7 and 10 (Table 2). The internal diameter of the 
chamber was equal to 0.34 m and total length was 3.12 m. 
The combustion chamber was heated up to about 1300ºC for 
about 12 hours. Temperature in both cases was measured 
with the use of PtRh10-Pt thermocouple. It was assumed 
that the temperature measured at the second measuring 
point was the flame temperature, as the flame kernel was 
located at that distance from the burner. In turn, flue gas 
composition was measured at the outflow of the chamber by 
the automatic analyzer VARIO MRU. The primary air was 
supplied to the burner with the use of an electric fan and the 
oxygen was injected from the cylinder. The secondary air 
was preheated up to 230ºC. Media flow rates were measured 
with the use of the flow meters. Chemical composition of 
natural gas was as follows: CH4 = 96.7%; C2H6 = 0.7%; CO2 
= 0.1%; N2 = 2.5%.

Fig. 3. Scheme of the second experimental stand: 1- chamber, 2 - 
observation points, 3- burner, 4 - quantity meters, 5- flue gas analyzer, 
6- measuring points, 7- secondary air heating pipe, 8 – thermocouple 
PtRh10-Pt

Fig. 4. View of the second experimental stand
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Fig. 6. Flame temperature as a function of oxygen content in oxidant

Fig. 7. Nitrogen oxides concentration as a  function of flame 
temperature

Further analysis concerns the temperature distribution 
along the combustion chamber. Fig. 8 shows temperature 
profiles for selected oxygen content in the oxidant as 
a  function of the chamber length for the first (a) and the 
second (b) experimental stand. In both cases the temperature 
drops with the increasing distance from the burner. 
Furthermore, it can be seen that this decrease is almost 
linear. In the first case the flame temperature decreases from 

1347°C to 689°C, i.e. by about 658°C when the oxygen 
content is equal to 21% and from 1510°C to 660°C, i.e. by 
850°C when it is equal to 30%. An interesting phenomenon 
is observed at the outlet of the combustion chamber, where 
temperature decreases from 670°C to 604°C as the oxygen 
content is increased (Fig. 9). This fact may be explained 
by changing the structure and shortening of flame as well 
as reducing flue gas volume due to addition of the oxygen 
to the oxidizer. In the second case the flame temperature 
drop by about 520°C when the oxygen in the oxidizer was 
21% and by about 600°C when it was 30%. All measured 
temperatures at the outlet of the chamber were nearly 
constant. 

Fig. 9. Temperature at the outlet of the first combustion chamber as 
a function of oxygen content in oxidant of the first experimental stand

In turn, Fig. 10 presents the NOx concentration measured 
at several points at the length of combustion chamber for the 
first (a) and the second (b) experimental stand. In all cases, 
both the first and the second combustion chambers NOx 
concentration do not change with changing the distance from 
the burner. It means that the formation of NOx takes place at 
the very beginning of combustion process.

Fig. 8. Temperature profile at the length of combustion chamber depending on oxygen content in the oxidizer; a) the first experimental stand, 
b) the second experimental stand






