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1. Condensing Boilers 
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Figure 1- Cylindrical multi-hole premixed burner[2] 
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1. Cylindrical multi-hole premixed burner 
2. Baffles 

3. Metal fiber 

4. Ceramics 

5. Stainless steel Fins 

6. Lift off 
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1. Detailed Reduced Mechanism 

2. Adiabatic Flame Temperature  
3. Computational Fluid dynamics 
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1. Arrhenius expression 

2. Bekaert Combustion Technology 
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Figure 2- Schematics of combustion experimental apparatus 
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Figure 3- Cylindrical flat flame burner 

 �1�3- ������� 	:@� �!�� ����	���� ���� ��: A*�( �� 	!( ��C� D E	:@� �!�� ����( 	:@� �!�� ���� �����  

  

 &�+e �%1"�
+

 P���� A�\8	� � "%��E "%�V��
 %��� N�/W"+# ��
.  �
b2
 A�|�B� ���3 �- ��
 ��] ��0
 D�
 �-�

"�
+

 � X/U%"%
% �
 "%�V��
 �2 ��3 ��Q

 N
�2 �D�
�2�,2 .��
 "+# ����� N�/WN�� �KqT,���	: �
 "+# ��T,���% � ���

$� �K�
 _/Y\3 ��� 
�% � �2% _/Y\3.��
 ��:�W ��Q

 N��
 

Gas line 

Air line 

Ball Valve 

Globe Valve 1 

G
lo

b
e

 V
a

lv
e

 2
 

Globe Valve 4 Globe Valve 3 
Balancer 

Rotameter Air  

R
o

t
a

m
e

t
e

r
 G

a
s

 
 

Mixer 

Burner 

 



�K/K� +/L�%
�  �N� #�
+��� N%�� 

38 

 8��F1- %����� �
��� 6�G"��%��H��� ���� ���3  
Table 1- The parameters of Measuring instruments 

Resolution  Range  Measurements  
1°C 0-60(°C) T1 

1°C 0-60(°C) T2 
1°C 0-60(°C) T3 

2mbar 0-100(mbar) P1,P4 
1mbar 0-40(mbar) P2,P5 
5mbar 0-250(mbar) P3 

6°C -200-1372(°C) Thermometer 

1°C 50-1300(°C) Thermometer type K 
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Table 2- Two-step methane-air mechanism  01(j/kgmol) b  A Reaction    

2 × 1033 0  5.012 × 1033 CH8 + 1.5O: → CO+ 2H:O 1  
1.7 × 10= 0  2.239 × 1033 CO + 0.5O: → CO: 2  
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1. Discrete ordinate 

2. Second order upwind 
3. Simple 
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Figure 4- photograph of the experimental burner  
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Figure 5- Geometry of mixer and it’s outlet mixer 
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c. 3D view    b. front view   a. side view  

Figure 6- Geometry used in simulation 
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1. Mass flow inlet 

2. Coupling 
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 8��F3- 	����
 � SO�� ��� ����� 	��F ��
  
Table 3- Mass flow inlet for air and gas 

Power= 11 kW  
ϕ  ?% @1�(-�A ) ?% B�C(-�A ) 

0.00011  0.0029425  0.64  

0.00011  0.0026903  0.70  

0.00011  0.0025109  0.75  

0.00011  0.0023540  0.80  

0.00011  0.0022156  0.85  

0.00011  0.0020249  0.90  

0.00011  0.0018832  0.93  

0.00011  0.0029425  1.00  

  

�MU "�V����

���
 PL	� �M/Y� N N
7/0 �/����� "�V� �MU � ��
 �YVC N�� N����3�^"+,,- 5/2  �5/3 �/����� 

 ��|,� N�4I
 �2 �- ��
��3�^ "+#+

 .������7  P0# �% �-3-�� "+��	� oI
"�V� ^���3 �%�# PL	� N�� �2 ���2A��C 

��
 PL	� ��% �3 ��% N�
�03 N�4I
 O# �� g��2 �-.+#�2 ���J3 ��Y� �� N
�
% PL	� %�#  P0# �%7 ��+,� �
 ����
 �

 "%
% ��	
 T���
 ����2 N
�2 R�M� N�/W�
�U PY� � PL	�"+# ��
.  
  

  
Figure 7- 3D Geometry of burner and location of lines  
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a. velocity magnitude  in line 1  b. Temperature in line 1 

Figure 8- grid independency results for the simulated case 
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Figure 9- Temperature in line 4 at 0.64 equivalence ratio 
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Figure 10- Average surface wall temperature with equivalence ratio 
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Figure 11- The concentration of CH4 at outlet of mixer in different equivalence ratio 
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a. experiment                                 b. simulation 

Figure 12- Picture of the fire at 11kW in 0.64 equivalence ratio 
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Figure 13- Temperature in line 2 and line 3 at 0.85 equivalence ratio  
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Figure 14- Effect of equivalence ratio on temperature distribution in line 2 
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Figure 15- effect of the equivalence ratio on the maximum flame temperature 

 �1�15- �'���� #
 S�$� a$,�� �������  

  

  
Figure 16- Incident radiation to circular plane around of burner 
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Figure 17- NOx and CO emission with equivalence ratio 
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This paper focuses on a numerical simulation and experimental investigation of premixed cylindrical burner 

with gas mixing system. These burners are used in a condensing boiler. Performance assessment of the burner 

and mixer at a power of 11 kW is the main purpose of this paper; also, the two-stage methane-air mechanism 

have been employed for combustion kinetic.  Moreover, short length of flame, high radiation and low emissions 

are among the most important and notable characteristics of these types of burners. To measure flame and 

burner surface temperature experimental tests have been conducted. Moreover, simulation results have been 

validated by experimental findings. Obtained results are in a good agreement with experimental findings. In 

addition, maximum 14% difference have been found between experimental and numerical results. Results 

indicated that by increasing the equivalence to the stoichiometric ratio, maximum flame temperature and NOx 

emissions has been increased. Moreover, in this type of burners radiation is the dominant heat transfer 

mechanism at below 2.5 cm around the burner. The equivalence ratio at the range of 0.75 to 0.85 has been 

selected as the operating condition of the burner according to the temperature limitation and pollutant 

production in burner. 

 

Keywords: Premixed cylindrical burner, Mixer, Equivalence ratio, Emission, Numerical simulation 

  


