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Introduction

Most solid rocket fuels are mixtures of an oxidizer and polymer fuel
Typical oxidizer is Ammonium Perchlorate (AP)
Typical fuel isHydroxy Terminated Poly-Butadiene (HTPB)
Thereexist strong diffusion flames between AP and polymer fuel

These diffusion flames can control the solid regression rate- a
critical rocket motor design parameter

Changing thelength scale (AP crystal size) can causelarge
changesin regression rate

Background

Large AP xtals
controlled by
cool self flame,
burn slowly

Small AP xtals
controlled by hot
diffusion flame:
burn 8X faster

 Important to understand this ballistic
controlling diffusion flame

« Ultimate goal: computer

« model that allows design of solid propellant
ballistic properties

Counterflow System

2D diffusion flame difficult
Experimentally: extremely short length
scales
Computationally: requires 2D model
Decided totry 1D counterflow
configuration
Works great
1D flame allows 1D model
Enormous expansion of
length scale
Stationary system Purge N,

AP / Methane Counterflow Diffusion
Flames
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Raman and PLIF Profiles:
AP / Methane Compared to Model
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Why study AP with CO+H2?
makes pseudo premixed “ flame”

‘Premixed’ wrt length scale of big AP i

Homogeneous output of these flames
burnsin diffusion flame with large AP
3D composite “ simulation”
1mm x 0.7 mm slice
200 mm coarse, 25 mm fine
85% solids (62% coarse, 38% fine)
Big regions of binder between larger
AP crystals
Experimental simulations: binder
1) Region isfuel, say CH4 or C2H
2) Region ispremixed flame: 53% H2 + 47% C

coarse AP
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Video Image of Counterflow Flame

529 H, + 48% CO Fudl Exit

Calculated Strain Rate:
459 s1

We lost two flames

No soot ——

AP regression rate:
0.113 mm/sfor both




