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ABSTRACT

Numerical computations were performed to investigate the effects of pintle stroke,
altitude, and bore on the performance of an external pintle thruster. Results show that
under-expansion flow occurs always, independent of pintle stroke. An external pintle
thruster shows good performance in that it is capable of good amount of thrust
control, while aerodynamic loads are increased due to shock waves on the pintle
support. When altitude is increased to 20 km, the nozzle exit velocity, Mach number,
thrust as well as aerodynamic loads are increased. Bore increases aerodynamic load
59%, and therefore pintle shape without bore is preferred for lower aerodynamic load
of a pintle in order to actuate the pintle.
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Fig. 1. Operating concept of pintle
thruster(2]
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Table 1. CFD analysis conditions

CATIA V5/Gambit 2.4.6
Fluent 15.0
Hot gas

Pre-Processing

Solver
Working Fluid

Inlet condition Mass flow rate= 5.5 kg/s

Yi<q
Spalart-Allmaras
x/de=150, y/de=30
Approx. 90,000~120,000

Wall condition
Turbulent model
Far-Field distance
Number of grids
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(a) Schematic of external pintle thruster

(b) Computational mesh for external pintle thruster

Fig. 3. Modeling of external pintle thruster
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Table 2. Definition of pintle stroke and
pintle tip position

Pintle stroke [mm] 1 2 3 4 5
Pintle tip position
[mml 135] 125| 115 105 95
Expansion ratio 298| 330 | 3.73| 4.28| 5.02
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Fig. 4. Density gradient contours(top) and stream lines(bottom) according to pintle stroke
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(b) Altitude 20 km

Fig. 8. Density gradient contours for

altitude (a) 0 km and (b) 20 km

Table 3. Thruster performance according to

altitude[12]

Altitude [km] 0 20
Pe [MPa] 1.40 1.40
Ve [m/s] 1,668 1,770

Me 2.11 2.20
Aerodynamic load 2910 3013

[N]

Thrust [N] 10,798 11,487
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Fig. 9. Mach number contours according to
altitude
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