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Evaluation of the Effects of Swirl Strength on Discharge Plasma and Combustion
with Green Monopropellant
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A new reaction system using discharge plasma of noble gas has been proposed in
substitution for conventional solid catalyst for attitude control system thruster with hydroxyl
ammonium nitrate (HAN) based monopropellant. The reaction system, a laboratory model
of discharge plasma catalyzer (DPC-LM) is expected to enhance combustion by the ion-
molecule and radical-molecule reaction by discharge plasma and to enable cold start
operation (preheating is not necessary). Objective of this study is to evaluate the effects of
discharge plasma by swirling gas flow, such as geometric swirl number (swirl strength) on
propellant reaction characteristics of DPC-LM. Stable combustion was confirmed at argon
gas mass flow rate from 0.125 to 0.175 g/s and SHP163 (HAN based monopropellant) mass
flow rate of 0.3 g/s. In addition, effect of swirl strength on reaction delay time is confirmed,
and the higher geometric swirl number is made that time shorter.
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Fig. 2 Schematic of swirl injector with (a) cross-
sectional view and geometric swirl number of
(b) 0, (¢) 7, (d) 13 — Top view.
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Table 1 The ratio of continued propellant
reaction.
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Fig. 3 Effects of argon gas mass flow rate and
geometric swirl number on plasma
distribustion. These pictures were taken from
downstream of DPC-LM. (ISO: 800, exposure
time: 2.5 ms, f: 20).

Propellant Valve ON
> 1000 ‘ — Valve
%D 750 [AVaR no Voltage
§ 500 H B Current
gb 250 ——{ Phase 2 }—“—v—| : Phase 3 }—— «
s 0 L e ‘ \ 12¢
% || Reaction |p™, Vol | g
a Delay Time ' \ ‘ _ =}
e ad gl i),
L | ‘ | 2
| || | =
! L S0 8
0 100 200 300 400 A
Time, ms

Fig. 4 Description of the reaction delay time.
DPC-LM with geometric swirl number 7 at
conditions; propellant mass flow rate 0.30 g/s and
argon gas mass flow rate 0.125 g/s.
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Fig. 5 Comparison between reaction delay time
of each geometric swirl number.
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