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Flame structure and Stability Limit of Hydrogen Diffusion Flame with Co-flow 
�

Tomohisa KAGEYAMA�� � � Ryouichi TANIGAWA�� � � Takamitsu YOSHIMOTO�� 
 

��������� 
The characteristics and properties of the hydrogen diffusion flame have been investigated as a clean energy in the 

future. The objective of the present study is to get further understanding lifting/blow-off in the hydrogen diffusion 
flame and present clearer understandings of the processes for flame holding. The species of the fuels are pure 
hydrogen and dilute hydrogen which is formed with putting nitrogen gas into the fuel. The parameters of the 
experiment are selected as fuel velocity, air velocity, equivalent ratio, nozzle inner diameter, concentration of the 
fuel and so on. The experiments were conducted to investigate the stability limits and flame behaviors with 
increasing the spout velocity or the co-flow velocity. The inside temperature of the flame is measured for 
researching the structure of the flame. The flame base and the flame configuration are observed in detail. It is 
found that the stability limit depends on the co-flow velocity. 
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Fig.1 Experimental apparatuses of Schlieren photography 
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Fig.2 Flow Diagram  
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Fig.3(a) Behavior of normal diffusion flame  
(H2:N2=100:0, Vh=96 m/s) 
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Fig.3(b) Behavior of normal diffusion flame  
(H2:N2=100:0, Vh=120 m/s) 
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Co-flow velocity [m/s] 
Fig.3(c) Behavior of normal diffusion flame  

(H2:N2=100:0, Vh=240 m/s) 
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Fig.4 Behavior of normal diffusion flame  
(H2:N2=70:30, Vh=96 m/s) 
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Fig.5 Behavior of normal diffusion flame 
(H2:N2=50:50, Vh=72 m/s)
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Fig.6(a) Behavior of flame (H2:N2=100:0, Vh=96m/s) 
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Fig. 6(b) Behavior of flame (H2:N2=100:0, Vh=120m/s) 
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Fig. 6(c) Behavior of flame (H2:N2=100:0, Vh=240m/s) 
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Fig. 7(a) Behavior of flame (H2:N2=70:30, Vh=48m/s) 
 
 
 
 
 
 
 
 
Low� � � �� � � Co-flow velocity� � � �� � � High 

Fig. 7(b) Behavior of flame (H2:N2=70:30, Vh=132m/s) 
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Fig. 7(c) Behavior of flame (H2:N2=70:30, Vh=192m/s) 

Low� � � �� � � Co-flow velocity� � � �� � � High 
Fig. 8(a) Behavior of flame (H2:N2=50:50, Vh=96m/s) 

 
 
 

Low� � � �� � � Co-flow velocity� � � �� � � High 
Fig. 8(b) Behavior of flame (H2:N2=50:50, Vh=168m/s) 

Low� � � �� � � Co-flow velocity� � � �� � � High 
Fig.9  Behavior of flame (H2:N2=30:70, Vh=48m/s) 
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Fig. 10(a) Profiles of Flame Temperature (H2:N2=50:50) 
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Fig. 10(b) Profiles of Flame Temperature 
(H2:N2=50:50 with air co-flow) 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 11(a)  Profiles of Flame Temperature (H2:N2=30:70) 
 

 
 
 
 
 
 
 
 

Fig. 11(b) Profiles of Flame Temperature 
(H2:N2=30:70 with air co-flow) 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 12(a) Profiles of Flame Temperature (H2:N2=30:70) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 12(b) Profiles of Flame Temperature 
(H2:N2=30:70 with air co-flow) 
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Fig.13 Blow-off velocity
(Diffusion flame with Co-flow) 
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Fig.14(a) Behavior of flame (H2:N2=100:0) 

 
 

0� �      �� � Air velocity [m/s]  � ��     17.63 
Fig. 14(b) Behavior of flame (H2:N2=90:10) 

0� � � � �� � Air velocity [m/s] � ��       17.63 
Fig. 14(c) Behavior of flame (H2:N2=80:20) 

 
 
 
 
 
 
 
 
 
 

0� �      �� � Air velocity [m/s]  � ��     17.63 
Fig. 14(d) Behavior of flame (H2:N2=70:30) 

 
 
 
 
 
 
 
 
 
 

 
0� �      �� � Air velocity [m/s]  � ��     17.63 

Fig. 14(e) Behavior of flame (H2:N2=60:40) 
 

 
 
 
 
 
 
 
 
 

0� �      �� � Air velocity [m/s]  � ��     17.63 
Fig. 14(f) Behavior of flame (H2:N2=50:50) 
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Fig.17 Blow-off velocity for Inverse flame 
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