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ABSTRACT

In this study, numerical simulations were performed for steady and unsteady state characteristics of
length effects on linear pintle nozzles using the overset grid method. Nozzles and pintles are created
separately by an auto grid generation program to use the overset grid method. Appropriate turbulent
models and numerical methods are selected for the validation of simulations. Pintle shapes are chosen
from five types, with differences in the ratio of length and diameter. The longer the pintle length, the
greater the thrust and thrust coefficient. The chamber pressure tendency of steady-state and
unsteady-state are different for various pintle velocities. The thrust of the nozzle exit responds to
changes in the nozzle throat in the unsteady-state, and the speed of pressure propagation wave

generated by movement of the pintle is considered to predict the major factor of performance.
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Fig. 1 Aerojet’s solid rocket pintle nozzlel2].
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Fig. 10 Schlieren image(top) and CFD image(bottom)
at NPR = 3.0.
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Fig. 11 Pintle assembly for cold flow test.
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Fig. 12 Nozzle wall pressure vs Discretization
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Fig. 13 Nozzle wall pressure vs Turbulent model.
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Table 1. Pintle stroke and chamber pressure Vs
Throat area at steady conditions.

Area | 1/R=1-3 | L/R=4 | L/R=5 P,

085 | -82mm | -89mm | -10mm | 43.4bar
0.75 -7mm -71mm | -7.5mm | 47.9bar
0.63 -5mm -5mm -5mm 60.3bar
053 | -25mm | -25mm | -2.5mm | 70.9bar
0.5 Omm Omm Omm 75.3bar

Mach Number
0.00 0.900 1.80 2.70 3.60 4.50

Fig. 16 Mach Number contour and lines at area ratio
075~ : UR = 2 (top) LR = 4 (middle) LR =
5 (bottom).
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Fig. 17 Thrust distribution near 0.75 of Normalized
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Fig. 18 Density distribution at nozzle exit.
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Fig. 19 Velocity distribution at nozzle exit.
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Table 2. Pressure and Thrust ratios.

Area Steady atUilg t?rilrcrlly/ S
ratio | pregsure | Thrust | Pressure | Thrust
[bar] [N] [bar] [N]
0.5 75.3 433.06 53.5 311.94
0.53 70.9 433.04 49.9 306.31
0.63 60.3 42642 46.8 329.54
0.75 479 419.39 44.2 369.60
0.85 434 407.90 424 400.51
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