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Abstract: In order to study the dynamic characteristics of liquid-liquid coaxial swirl injector, the transfer
functions of the inner and outer injectors of the coaxial injector were established by theoretical method. The trans-
fer function of the inner injector refers to Bazarov’s injector dynamics theory. Based on the unsteady Bernoulli
equation, the transfer function of the outer injector is derived by analyzing the relationship between the change in
different velocity components of the liquid in the injector when the pressure drop oscillates. By combining the in-
dependent transfer functions of the inner and the outer injectors, the amplitude—frequency characteristics of the
oscillations of the total flow rate and the oxygen—fuel ratio of the coaxial injector were obtained. The calculation re-
sults of a specific coaxial injector show that there appears sensitive frequency point within the calculated frequen-
cy range of the inner injector. The phase difference of flow oscillation between inner and outer injectors is large at
high frequency when the pressure drop oscillations of them is synchronous. By only changing the number of tan-

gential holes of the inner injector or the outer injector, the dynamic characteristics of the whole coaxial injector
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with oxygen to fuel ratio of 1.65, fuel-rich and oxygen-rich were analyzed. New sensitive frequency points were

found in the calculation results of the three kinds of coaxial injectors.

Key words: Liquid-liquid coaxial swirl injector; Injector dynamics; Transfer function; Unsteady Ber-

noulli equation; Theoretical analysis
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Fig.1 Schematic diagram of liquid-liquid coaxial swirl

injector
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Fig. 2 Geometrical parameter symbols of the liquid-liquid

coaxial swirl injector

Table 1 Geometric parameters of the calculating example

injector
Parameter Value
R, ;/mm 0.75
R, ,/mm 0.5
R, ,/mm 3
R, . /mm 1.5
R, ,/mm 2
sz'"/mm 2.5
R, ,/mm 3
R, ,/mm 4
g/mm 1
[, ;/mm
l,.;/mm

Tangential inlet length of inner injector / ;/mm
Tangential inlet length of outer injector /,  /mm

Tangential inlet number of inner injector N,

EEE S (ST \S TS B )

Tangential inlet number of outer injector N

Table 2 Propellants used in the calculation example

' Density/ Oxygen—
Injector Propellant (k:}:]-}; ) fu?liiti()
Outer MMH 853

1.65026]
Inner NTO 1446
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Fig.3 Dynamic characteristics of inner injector under

different pressure drops
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Fig. 4 Simplified model of outer injector
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Fig.5 Calculation method of convergence section of outer

injector
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Fig. 6 Dynamic characteristics of outer injector under

different pressure drops
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Table 3 Three types of injectors with different oxygen-fuel
ratios(pressure drop 0.5MPa)

Normal Fuel-rich Oxygen-rich
Oxidizer mass 933 s34 933
flow rate/(g/s) ’ ’ ’
Fuel mass 56.7 56.7 292
flow rate/(g/s) ’ ’ ’
Oxygen—fuel ratio 1652 1.03 3.20
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Fig. 7 Independent dynamic characteristics of inner and
outer injectors under 0.5MPa condition

(oxygen-fuel ratio=1.65)
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