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ABSTRACT

Numerical computations are performed to investigate the effect of pintle stroke on the performance
of an internal pintle thruster. Results show that the thrust control ratio was less than 2% and the
aerodynamic load ratio was 22% as the pintle stroke increased. The flow past the nozzle throat rapidly
expanding because of the shape of the pintle, and a shock wave was generated. Particularly, at the
pintle stroke distance of 4 and 5 mm, the shock wave hit the wall of the nozzle, results in peeling
bubbles. Depending on the altitude, the thrust increased and the aerodynamic load decreased, but the
difference was as small as 1.5%. In the presence of the bore, the reduction of the pintle tip area

resulted in a decrease in aerodynamic load.
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Table 1. CFD analysis conditions.

Solver Fluent
Working Fluid Hot gas
Inlet condition | Mass flow rate = 5.5 kg/s
Wall condition Y+<5
Turbulent model Spalart-Allmaras
Far-Field distance x/de=150, y/de=30
Number of grids Approx. 150,000
AE F4s S 5 Uk Hot gasE ©]
Aae A rracs FUsA, 94
2 Table 17} 2t}
48 fresid Z= WA FLUENTE o
2219 F Ao HHs FYstAr

o S
92 Raynold Averaged Navier Stokes
9] S-A (Spalart-Allmaras) E2-& A}-8-3}

o

pil

' PressureFarfield

Fig. 3 Meshing of internal pintle thruster.

Table 2. Definition of pintle stroke and pintle tip position.

Pintle stroke 1 2 3 4 5

Pintle tip position
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Fig. 4 Density gradient contours(top) and stream lines(bottom) according to pintle stroke.
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Fig. 5 CFD results for the internal pressure distribution
of the combustion chamber{16].
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Fig. 6 Comparison of theoretical calculations and CFD
results[16].

Fig. 7 The throat of the internal pintle thruster shown
by CFDI16].
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Fig. 11 Stream lines (top) and density gradient
contours (bottom) for altitude (@ 0 km and
(o) 20 km.
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Fig. 12 Stream lines (top) and density gradient
contours (bottom) for bore effects.
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