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ABSTRACT

The purpose of this study is to investigate unsteady-state characteristics of a pintle
thruster with various pintle speed. Based on steady state experimental results, non-linear
pintle stroke equation is obtained and applied to the unsteady state experimental system.
For the unsteady state experiments, three different pintle speeds are used: 3.10 mm/s, 5.65
mm/s, 10.83 mm/s, respectively. Results show that backward pintle stroke results in faster
convergence time because of high chamber pressure during backward pintle stroke
sequence. During the forward and backward process, thrust curve shows singular points.
These phenomenons is caused by variation of mass flow rate, which is mainly due to
changes of both chamber pressures and nozzle throat area. This behavior becomes
distinctive for a faster pintle speed case.
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Fig. 1. Schematic of pintle thruster[1]
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Fig. 2. Pressurizing air supply system
((a): Test stand, (b): Schematic)
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Fig. 4. Pintle model
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Fig. 7. Results of tare load calibration
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Table 1. Thruster performance with pintle
speed (Forward movement)[9]

Forward movement
Pintle speed Pressure Thrust
Settling time Settling time
3.01 mm/s 1.83 s 1.86 s
5.65 mm/s 1.38 s 146 s
10.83 mm/s 0.66 s 1.06 s

Table 2. Thruster performance with pintle
speed (Backward movement)[9]

Backward movement

. Pressure Thrust
Pintle Thrust | R
speed | Settling | Settiing rust - hecov

time time Over ery

Shoot time

3.01

163 s 1.78 s | 057 N | 0.34 s
mm/s
565 | hg5s | 091s | 247 N | 031 s
mm/s
1083 1 495 | 068s | 427 N | 025 s
mm/s
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Table 3. Specification of thrust measurement

system
Load Cell
Non-linearity 0.03% of R.O L1
Hysteresis 0.03% of R.O L2

Repeatability 0.02% of R.O L3

Creep

(in 20min) 0.03% -
DAQ
accuracy \ 0.2% of F.S D1
Amplifier
Non-linearity 0.02% of F.S Al
sensitivity 0.1% A2
thermal effect 0.05% of F.S A3

_,i_
0.137%°lt}. wekAl AlEF3E 95%
g =4 Ax9 FF Bz o
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Table 4. Specification of pressure measurement
system

Power supply

Voltage source
error

0.01% of F.S Vi

Pressure Sensor(Chamber)

0.197% of F.S P1
0.02% of F.S p2

Accuracy

Repeatability

Hysteresis 0.04% of F.S P3
0.192% of
Non-li i P4
on-linearity Fs
DAQ
Accuracy 0.2% of F.S D1

ug(V,) =0.006%, ug(P,)=0.114%
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