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ABSTRACT

Pintle thrusters use pintle stroke to change nozzle throat area, and this controls thrust.

Using MATLAB, one-dimensional simulation has been investigated and the results are

compared to those of cold flow tests and computational fluid dynamics for the pintle

thruster of Chungnam National University. The prediction based on one-dimensional flow

theory shows good agreement with measurements for chamber pressure, but deviates for

thrust, partly because of nozzle wall separation.

Computational results show that nozzle

wall separation occurs at an early stage of nozzle expansion, near the design nozzle throat,

for the course of pintle strokes.

Empirical thrust prediction incorporates nozzle wall

separation, and thus 1-D simulation using empirical thrust prediction showed good results

for an early stage of pintle stroke.
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Fig. 1. Pintle nozzle operation
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Fig. 2. Definition of pintle stroke
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Fig. 3. Pintle nozzle contour
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Fig. 4. Pintle nozzle contour and the
position of nozzle throat using
MATLAB (Stroke=0 mm)
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Fig. 5. Geometric nozzle throat area ratio
and nozzle expansion ratio
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Table 1. Geometric nozzle throat

Stroke CATIA MATLAB Error
[mm] [mm?] [mm?] [mm?]
0 78.54 78.54 0
2 72.256 72.253 0.003
4 75.823 57.821 0.002

6 37.008 37.008 0
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Table 2. CFD conditions

Solver Fluent 15.0
Working fluid Dry nitrogen(Calorically
perfect gas)
System. Axisymmetric
configuration

Inlet condition Mass flow inlet

Turbulent Spalart-Allmaras
model
Farfield X/de=150, y/de=23
distance (de:Nozzle Exit diameter)
Number  of 50,000 ~ 70,000
grids
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Fig. 7. Mach number contour
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