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Abstract: The high frequency pressure oscillation data of a hydrogen -oxygen preburner
with swirl injectors in hot-fire testing were analyzed. The change trend of the frequency and associ-
ated testing parameters were compared. It was found that, the testing {requency of hot-fire test-
ing may be influenced inherently by the sound speed of liquid film within the injector and the pres-
sure of the combustion chamber. A semi-empirical formula based on acoustic theory was devel-
oped for swirl injector. The acoustic frequency calculated by using the data of pre-injection pres-
sure and modified liquid oxygen temperature for sound speed agreed well with the measured data.
It was believed that the semi-empirical formula similar to the acoustic frequency calculation of
pipeline can be applied to swirl injector. The acoustic frequency determined the initial value of the
dominant surface wave length of the liquid film in the swirl injector. The gas resistance of the dom-

inant surface wave flow increased with the increasing pressure and liquid film velocity, which
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reduced the wavelength and increased the frequency of the first breaking of the liquid film, may

be the influence mechanism of the positive correlation between the hot-fire testing frequency and

the combustion chamber pressure.

Key words: hydrogen-oxygen preburner; swirl injector; acoustic {requency of injector;

hot-fire testing data; theoretical analysis
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Fig.1 Schematic diagram of swirl injector dimension and

measuring points of hot-fire testing
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Table 1 Geometrical parameters of the swirl injector

SR iy

AWK L, /mm 59. 8
PrafL o5 OB L/mm 56.8
Yl fL B 42 d,/mm 1.5

Yl Lo K E L/ mm 3.02
SAWTMEAR IR LG L/ d 0.85

®2 ARBUNS

Table 2 Measuring point parameters of hot-fire testing
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Fig.2 Frequency spectrums of pressure of the
oxygen mainifold
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Fig.3 Frequency spectrums of pressure of the

combustion chamber
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Fig.6 Pressure of oxygen mainifold and testing frequency

Fig.4 Temperature of combustion and testing frequency
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Fig.5 Pressure of combustion chamber and

testing frequency
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Fig.7 Pressure drop of hydrogen annulus and
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Fig.8 Pressure drop of oxygen swirl injector and

testing frequency
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Fig.9 Sound speed of liquid oxygen and testing frequency
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Fig.10 Internal flow scheme of swirl injector
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