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Simultaneous Visualization of Cross Section Wave System and
Temperature Field in Cavity Combustion

YUE Mao—xiong, TIAN Ye, ZHANG Wan—-zhou, ZHONG Fu-yu, LE Jia-ling

(Science and Technology on Scramjet Laboratory, CARDC, Mianyang 621000, China)

Abstract: Cavity is a typic configuration of supersonic combustor, it is beneficial to the basic research and
analysis on the mechanism of supersonic combustion, through accurately diagnosing the relevant physical parame-
ters in the combustion state. Compared to the previous method of full path integral for density field diagnose , such
as laser schlieren, a set of laser focused schlieren with the sharp focus depth less than 1mm was designed, which
was used to visualize the wave system structure of combustion cross section of cavity , meanwhile the temperature
field and density field for the same section were diagnosed simultaneously by focused schlieren and OH-PLIF.
The experimental results showed that the wave structure in the cross—section was clear, and more details such as
the hydrogen combustion state were obtained also, and the two results have a good consistency. The joint results
are helpful for better understanding of the movement and development of the shear layer, the effects of hydrogen
injection with different parameters on shear layer and combustion state. To obtain the synchronous information of
both the wave structure and the combustion state for the same cross section has certain reference value for fuel in-
jection and cavity combustion research.
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1) Continuous laser; 2) Divergence lens; 3) Diffuser; 4) Fresnel lens;
5) Source grid; 6) Test section; 7) Focusing section; 8) Imaging lens;
9) Cut-off grid; 10) Field lens; 11) Camera lens; 12) High-speed camera

Fig. 1 Basic layout of focusing schlieren
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Table 1 Parameter of focusing schlieren

Parameter Value Concept
@/mm 150 Aperture of imaging lens
Simm 200 Focus length of imaging lens
L/m 1.2 Object distance of source grid
L'/mm 240 Image distance of source grid
[/mm 410 Object distance of focused section
'/mm 390 Image distance of focusing section
m 0.95 Flow—-field magnification
M 0.2 Source grid magnification
(A+B)/mm 5+5 Source grid constant
(b+a)/mm 1+1 Cut—off grid constant
(Dg)/mm 0.92 Sharp focus depth
(Dy)/mm 10.93 Unsharp focus depth
[ 14.4 Number pairs of lines blended
&l () 1.04 Minimum deflection angle(50% )
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Fig.2 Experimental model
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Fig.3 Experimental optical layout
S: Scatter; FL: Fresnel lens; SG: Source grid; TS: Test section; CG: Cut-off grid;

IL: image

Fig. 4 Optical path layout
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(¢) Focusing schlieren image

Fig.5 Visualization comparison of combustion state
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(a) Simulation results of cold flow wave structure
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Fig. 6 Results of focusing schlieren for shot 071505
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(d) Focusing schlieren result of ignition moment

(f) Focusing schlieren results of combustion stability

(g) Flame diagram of ignition moment
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