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Tutorial Introduction

Laser ignition has been demonstrated to be possible in hybrid systems (solid fuel, gaseous oxidizer) using a single,

lightweight diode laser.

This approach leverages a “heated particle” ignition mechanism detailed in the figure below.

Past research has relied on natural char production during fuel decomposition to create the soot needed for

production of these heated particles.

Unfortunately, not all hybrid fuels produce this char layer, greatly limiting the applicability of the laser ignition
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Problem Description

» Reference mission studies have shown that as the delta-V
requirements are increased beyond ~ 1 km/s (i.e. orbit insertion at
Mars), a hybrid motor architecture will provide higher
performance than bi-prop liquids due to a greater propellant
density [1].

 To be competitive with existing liquid propulsion units:
e Hybrid motor needs a robust and restart capable ignition system
* Need to minimize mass and volume wherever possible

» Single laser can be powered by the satellite’s electrical systems
which tend to be lighter and require less volume as compared to the
fuel tanks and plumbing needed for a torch igniter.

* Laser system only requires a small number of small optical
components

diode laser/fast & slow collimating lenses
focusing lens
pressure sealing window

Laser igniter mounting configuration

diode
laser

focusing
lens

laser
window

nitrogen purge

Experimental implementation
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Methodology 100 mm

' _ diode laser
Project Objectives: turning mirror [_ N— . package
: |
1) Demonstrate laser ignition of PMMA/GOX propellants with carbon- ! =
, 4k

based fuel additives

2) Compare ignition delay performance of PMMA/GOX with different focusing lens @
fuel additives. Compare to past results using char producing fuels. i
|
Methodology: : ;
laser window |
1) Produce baseline samples of PMMA (no ignition additive) for which :
laser ignition doesn’t work and custom PMMA fuel samples (with oxygen :
ignition additive) in the lab containing graphite powder, carbon black = |

g \i
powder, and coal powder additives. blackened fuel

2) Multiple ignitions per fuel grain using setup shown to the right.

3) Use a high-speed camera to capture ignition event and determine

= Combustion chamber with visualization
ignition delay

windows used to study laser ignition event.
High-speed camera imaging through side
window.
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<20 pm graphite _— particle 390.5 ms

Results

Ignition captured at 60
frames per second.
Images a and b are
consecutive video
frames.

<20 pum graphite

39.8 ms

« Testing was successful. All 3 additive types produced ignition.

« 20-micron graphite produced the shortest ignition delays because it had
to fastest response time to the flow of oxidizer. Ignition captured at 10,000 frames

per second. Timestamps are

« With these results it is shown to be possible to directly laser ignite :
relative to laser turn-on.

PMMA/GOX, the propellants being pursued by JPL
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