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ABSTRACT

An experimental study was conducted on the spray characteristics of the pintle injector by
opening distance. The discharge coefficient of the pintle injector was investigated and the spray
angle was measured by taking the spray image by test conditions. As a result of the
measurement of the discharge coefficient, it was confirmed that the change in the discharge
coefficient of the outer injector was not significant over the experimental conditions, but the
change in the discharge coefficient of the inner injector was decreased as the flow rate increased.
Measurement of the spray angle showed that the change in the spray angle was not significant
in the conditions under which the spray was fully developed, but the spray was not fully

developed at low flow rates. This confirmed the possibility of thrust control using the pintle

injector.
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P. : Chamber pressure

ri : Radius of inner injector

T, : Radius of outer injector

L : Opening distance

Vs : Axial velocity

Vi : Spray velocity of inner spray

Via : Axial velocity of inner spray

Viam : Modified axial velocity of inner spray
Vi : Radial velocity of inner spray

Viem : Modified radial velocity of inner spray
Ve : Spray velocity of outer injector

V, : Radial velocity

6 : Half angle of inner injector

6, : Half angle of outer injector

6, : Pintle tip angle

Oprry  © Spray half angle

Owprrayi © Spray half angle of inner injector
AP; : Pressure drop of inner injector

AP, : Pressure drop of outer injector
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Table 1. Design parameters for the pintle injector.

Name Value
Propellant Kerosene / LOx
Thrust (vac.) 500 N

Chamber pressure 10 bar (100%)

Target mass flow rate 40.9 g/s (Fuel)

(100% Throttle) 1024 g/s (Oxidizer)

O/F 2.5
Throttling 1:4
Fuel density 810 g/L
Oxidizer density 1141 g/L
Inner injector Oxidizer
Outer injector Fuel
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Fig. 1 Typical pintle injectorl5].
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Fig. 2 Schematic of the pintle injector.
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Table 2. Geometry parameters of pintle injector.

Name Value
T 2.73 mm
To 3.71 mm
Ts 3.50 mm
& 15°
6 5°
6, 45°
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Fig. 3 3D modeling of the pintle injector.
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Table 3. Preliminary test conditions for the pintle injector (Cq = 0.65).

) L |m; (oxidizer)| m, (fuel) P. AP; AP, A A,
Throttling i

mm g/s g/s bar bar mm® mm?

100% 1.757 95.74 45.45 10.0 2.00 717 3.50
80% 1.568 76.62 36.37 8.0 1.60 6.46 3.13
60% 1.354 57.44 27.27 6.0 1.20 5.64 2.71
40% 1.103 38.29 18.18 4.0 0.80 4.65 2.21
25% 0.869 23.93 11.36 25 0.50 3.71 1.75
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Fig. 4 Schematic of the test equipment.
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Table 4. Modified test conditions for the pintle injector.

Throttling L m; (water) | m, (water) | AP (%/P) | AP, (%/Pe) C.. C,
Level mm g/s g/s bar bar , ,
100% 1.384 95.74 45.45 4.00 (40%) | 2.00 (20%) 0.59 0.82
80% 1.230 76.62 36.37 295 (37%) | 1.60 (20%) 0.62 0.82
60% 1.118 57.44 27.27 1.80 (30%) | 1.20 (20%) 0.64 0.81
40% 0.894 38.29 18.18 1.12 (28%) | 0.80 (20%) 0.69 0.80
25% 0.732 23.93 11.36 0.56 (22%) | 0.50 (20%) 0.72 0.78
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Fig. 8 Spray image of single injection in (a) inner
injector, (b) outer injector and (¢) co-injection.
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Fig. 11 Close-up image of (a)pintle tip, (b)inner spray

and (c)inner spray without pintle tip.
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Fig. 12 Spray angle of the pintle injector.
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Fig. 13 Measured and estimated spray angle based
on different assumptions.
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