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1. Photodiode 

2. Flame Emission Spectroscopy 
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1. Bunsen burner  
2. Fast Fourier Transform 
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2. Hue-Saturation-Intensity 
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Figure 1- Color intensity spectra in the burner power of 12.77 kW 
a) Green flame b) yellow radiant flame c) persistent blue flame d) flame rise and extinction  
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Figure 2- Cylindrical surface flame burner stability diagram[12]  
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Figure 3- Air and fuel pipeline map with control and metering equipment 
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Table 1- Scope and accuracy of measuring equipment 

Precision Range Equipment 
±1 oC 0-60 oC Air travel thermometer 
±1 oC 0-60 oC Gas path thermometer 

±1 m3/h 0.5-45 m3/h Air Rotameter 
±0.05 m3/h 0.3-3 m3/h Gas Rotameter 

±1mbar 0-100 mbar Relative pressure sensor for gas and air paths 
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Figure 4- Schematic of the set up and measuring equipment 
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Figure 5- Changes in the light intensity of the flame over time at the equivalence ratio of 0.64 and burner power of 17.14 kW 
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Figure 6- Power spectral density at equivalence ratio of 0.76 and burner power of 16.07 kW 
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Figure 7- Power spectral density at equivalence ratio of 1.24 and burner power of 16.07 kW 

�3
 7- S& >J!� 	
 ���- %�'� 	�
')� ��	�24/1  ��	�#: >�$#? 007/16 C�0'��"  



0��
���)� L!��)�O- ��i�7 0�#P��s )�O- � �;�, �s�)�O- 

76 

�f8	- C�
���
 �N#V7 S
�,�;�- 0�	
 
� ��N� �
�	#� �	��| L�� L
�� .��
 �)#m#� ��N� �/#-�+�! ���;� .)�!

I#� ��N� L
�� 
� ���;� A�
  #

��� �/+�
��N� � #�! 0�	
 ��8#-BI#� L��
 �! �� ��8#-B��N� �#���[��� L�� ��N� � L��

 #5Y1 \P5-�- L)+� #5Y1 A�
 .)
����5�
� L)+� � �V5
 � (0���] ^�
) �1�
�� �#;�` �� LJ�
��
]14[ . M/� �!8 �

�
��
.��
 �)� �!��B \P5- � �[��� ��N� ����f1 J
 L
  
  

  
Figure 8- (right) Cellular flame at burner power 17.14 and equivalence ratio of 0.61 (left) planar flame at burner power 17.14 and 

equivalence ratio of 1.11  
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Figure 9- Relationship between the typical-oscillation frequency of fluctuations and the equivalence ratio at   

different burner powers 
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Table 2 burner power Range and Flow Rate in Experiments 

Flow rate (cubic meters per hour)  burner power (kW)  
1.1  11.74  
1.2  12.77  
1.3  13.92  
1.4  14.99  
1.5  16.07  
1.6  17.14  
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Figure 10- Transition process from cellular flame to planar flame at burner power 17.14 kW 
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Figure 11- Classification of cellular and planar flames by burner power in terms of equivalence ratio (red indicates cellular flame 

and black indicates planar flame) 

�3
 11- S�!7����
 ��O�S& >J!� B!:#� ��	�#: >�$#? ��OJ�#� W�!� 0 �L'�� ��& #@���� I�#, `�	) ��	� 0 �L'�� ���


(W�!� ���
 #@���� ���� `�	  

  

��)] �! 3� �!�)O- �V5
 � L�� �
)��� LJ�
���f1 FJ
!�� F�� J
 �/#
��l
 R��1]24[  �M#�O1  �2�)/� �� �5
�,�;

.��
 �)� �5��Y- �V5
 �!�)O- � L��n�� ��E
 �� e��P- ���f1 FJ
!�� F�� J
 �!�K��
 �� �
)��� LJ�
�!
!M/� �! �)� 

2 ��
 .�P�
� A#�� �!� �-L�
)��� J�- �, �KU 0
�1� � �2������ �[�� �!  �a8	- (0���] ^�
) �1�
�� �#;�` .� �!

 � ���f1 FJ
!�� F�� �! J
M#�O1 �!�)O- .)
�
! e��P1  � �� �5
�,�; �V5
 � L��LJ�
  ���f1 FJ
!�� F�� �� �
)���

.|�, J
 �1�V5
 �!�)O- � L�� �
)��� LJ�
 F�� J
M#�O1 ��
 �5
�,�;�  �[��V5
 �!�)O- � L���
)��� LJ�
  F�� J


M#�O1 � �5
�,�;��V5
 �!�)O- M-�, ��7 � L���
)��� LJ�
 �- I��� 
� ���f1 FJ
!�� F�� J
�V5
 �!�)O- .)�! L��

 �0�#
�P�� R��1 ���#�#� ���1��
 F�� J
 �!�K��
 �� (L�
)��� �!�)O-) �
)��� LJ�
]30[ �)� Z
�8��
 .��
  �!�)O- A�


L�
)���� ���#;�` L
J
 � �V5
 J
 �r��8- �1�
�� L�� LJ�
78/0  �185/0  ��
 �)� n�P- ����
 �� L)#��1 �,��
 .M#[! 

�D��
 �!�)O- L�
)��� �� �!�K��
 J
 �! F�� M#�O1 �5
�,�; � FJ
!�� ���f1 �;�E �D��
 A#� ��#� Z
�8��
 �!�)O- 

L�
)��� J
 �!
!L�� ����!�)-B �� �!�K��
 J
 F�� M#�O1 �5
�,�; � F�� FJ
!�� ���f1 ��
 .�! F�� M#�O1 ��5
�,�; 

��N� *��
�� S
�,�; �N#V7 C�
���
 �� �! I8� ��N�L�� �[��� � ��N�L�� \P5-  #5Y1L)+� �-!�� �, �! 0B          

��N�L�� �[��� ����� L�
)����
 I#� �-!�� .��N�L�� \P5- "#
 ����� L�
)��� ��� 
)#� �-,+)+ .�! F�� FJ
!�� 

���f1 "#
� �� �!�K��
 J
 r#7L�� �2
� ��;���! J
 �MN	- ��N� �� �+� �[�� ��N� �"V� �!�J ��N	N	1 ��B ��
)��� J�- 

�2������ � ���-��  #5Y1 �-!��.  

11

12

13

14

15

16

17

18

0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2

B
u

rn
e

r	
P

o
w

e
r	

(K
W

)

Equivalence	Ratio



���� ���	
-  ��� ��
���
 � ���� �	�����"# ���� ���
 ����� � �!1399  

79 

P0�Q 3-  0 #�'a� b��
#� b0	 �� �	����� �
0��� �!��7������ �!��"#$ 

Table 3- Comparison of the stable φ range of image processing and frequency analysis  
Stable φ range using Frequency Analysis Method  ethodrange using Image Processing M 1φ Stable  burner power (kW)  

0.64-1.12  0.64-0.73  11.74 

0.65-1.1  0.65-0.74  12.77  

0.66-1.08  0.66-0.79  13.92  

0.68-1.16  0.68-0.81  14.99  

0.69-1.13  0.69-0.85  16.07  

0.7-1.11  0.7-0.86  17.14  
1 Equivalence ratio 
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This study investigates the stability of a surface flame burner using a photodiode and data acquisition system. 

The light intensity fluctuations were measured by the photodiode and, using fast Fourier transform, they were 

transferred from the temporal to the frequency space. To illustrate the dynamic behavior of premixed flames, 

flames are divided into two regions of cellular flames and surface flames. This classification is dependent on 

the flow rate and the equivalence ratio. In surface flames, as the flow rate increases, the oscillation frequency 

also increases because the hot burned gas velocity increases. In cellular flames, as the flow rate increases, 

oscillation frequency decreases. At identical flow rates, the sharp decrease in the oscillation frequency 

indicates the appearance of cellular flames so we can find the transition from the surface flame to the cellular 

flame. At a constant flow rate, with an increase in the equivalence ratio, there is no increase in the oscillation 

frequency, the transition from the cellular flame to the surface flame occurs. The initiation of the transition 

from the cellular flame to the surface flame occurs at flow rates of 1.1, 1.2, 1.3, 1.4, 1.5, 1.6 m3/h and at 

equivalence ratios of 0.6, 0.62, 0.62, 0.64, 0.66, and 0.67, respectively. The location of the transition 

corresponds to the start of the liftoff zone based on the image processing. This research is innovative because 

it is possible to evaluate flame stability using a non-intrusive method without disturbing the flame shape and 

damaging the flame regime. 
 

Keywords: Intrinsic instability, Cellular flame, Surface flame, Typical-oscillation frequency, Frequency analysis 


