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Abstract: In order to accurately predict the central propellant deflection angle of pintle injector, the theo-
retical model of central propellant deflection angle was established based on flow field analysis. A central propel-
lant deflection angle formula was deduced from the momentum conservation equation, which was verified by nu-
merical simulation and experimental results. Moreover, the effects of structure parameters and working parame-
ters on the central propellant deflection angle were analyzed. The results show that the predicted values of the the-
oretical model are in good agreement with the numerical and experimental results. The injection area of sleeve
shielding has the greatest influence on the deflection angle of the central propellant. In the case of variable thrust,
the central deflection angle decreases as the injection area of sleeve shielding increases. Injection pressure drop,
wall thickness and cavity depth at the bottom of central cylinder have little effect on central deflection angle.
When the injection area of sleeve shielding is constant, the deflection angle with a cavity at bottom of the central
cylinder is about 6° larger than that without a cavity. This model can provide an important reference for the engi-

neering design and the further accurate calculation of spray angle at variable thrust of pintle injector.
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Fig. 1 Schematic diagram of pintle injector
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Fig. 3 Flow field structure
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Fig. 4 Schematic diagram of central propellant deflection
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Fig.5 Sketch map of computation zone
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Table 1 Operation conditions

Case H /mm L, /mm T /mm T /mm Ap/MPa
1 1.0 4.0 1.0 1.5 0.2
2 1.0 4.0 1.0 1.5 0.5
3 1.0 4.0 1.0 1.5 1.0
4 4.0 1.0 1.0 1.5 0.2
5 4.0 1.0 1.0 1.5 0.5
6 4.0 1.0 1.0 1.5 1.0
7 0.0 5.0 1.0 1.5 0.5
8 2.0 3.0 1.0 1.5 0.5
9 3.0 2.0 1.0 1.5 0.5
10 1.0 4.0 1.5 1.5 0.5
11 1.0 4.0 2.0 1.5 0.5
12 4.0 1.0 1.5 1.5 0.5
13 4.0 1.0 2.0 1.5 0.5
14 0.0 5.0 0.0 1.5 0.5
15 1.0 4.0 0.0 1.5 0.5
16 2.0 3.0 0.0 1.5 0.5
17 3.0 2.0 0.0 1.5 0.5
18 4.0 1.0 0.0 1.5 0.5
19 1.0 4.0 1.0 0.5 0.5

20 1.0 4.0 1.0 1.0 0.5
21 1.0 4.0 1.0 2.0 0.5
22 1.0 4.0 1.0 2.5 0.5
23 4.0 1.0 1.0 0.5 0.5
24 4.0 1.0 1.0 1.0 0.5
25 4.0 1.0 1.0 2.0 0.5
26 4.0 1.0 1.0 2.5 0.5

'f
Pressure
inlet

Ir
Pressure Pressure r

outlet (0.1MPa)

outlet (0.1MPa)

-4 X
Fig. 6 Numerical simulation computational domain
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Fig. 8 Spray experiment system
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Fig. 10 Image processing

Fig. 11 Deflection angle of experimental result
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Fig. 15 Streamline for different sleeve covering the length of the injector exit
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