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Spray Measurements and Numerical Analysis of Bi-Propellant Thrustersfor Spacecraft Propulsion Systems
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The performance prediction for bi-propellant thrusters was investigated using CFD. The DDM (Droplet Discrete
Model) method was applied as two-phase model to calculate injection, evaporation and combustion of liquid propellants. The
initial spray characteristics of the actual propellants were obtained by experimental measurements because the impact of
hypergolic ignition, or automatic ignition due to high reactivity of the propellants, on the spray characteristics was unknown.
The mean droplet diameter was much less than that of a non-combusting spray of simulants, which has been used as input
data for numerical analysis. The initial spray characteristics significantly affect the results of performance prediction by

CFD.
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Fig. 1 Bi-propellant thruster
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Fig. 2 Schematic of impinging jets
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Fig. 3 Experimental apparatus
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Table1 Experimental conditions
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Table 2 Properties of liquids

ooo oog oooo oooo
(kg/m3) (uPas) (mN/m)
gooog 1004 913.0 66.5

O 997 854.4 7.7
NTO 1433 396.0 25.1
HFE 1430 572.0 13.6
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Fig. 4 Image processing
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Fig. 6 Droplet size distributions
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Fig. 7 Computational grid for bi-propellant thruster
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Table3 Numerical conditions
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Fig. 8 Numerical conditions of droplet size distribution
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Fig. 9 Numerical results for case 1
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Table 4 Predicted performance for case 1
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Fig. 10 Variation of specific impulse for mean droplet diameters
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