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Hybrid Rocket Motors
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Advantages

 Safety
 Low costs
 Simplicity
 Green propellants
 Oxidizer flow control
 Mission abort and 
throttlability

 Low regression rates
  Low volumetric 
efficiency
 Combustion 

efficiency
 High oxygen 

content 

Disadvantages

Passive cooling systemsOXIDIZER TANK
VALVE

FUEL GRAIN

INJECT
OR



Hybrid Rocket Motors
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New space economy



Thermal protection systems
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Non-decomposing 
materials

Decomposing materials

 Ceramics
 Metals with high melting 

point
 Polycristalline graphite
 Pyrolitic graphite
 Carbon/carbon 

composites

 Cotton/
phenolic

 Glass/phenolic
 Silica/phenolic
 Carbon/

phenolic



MASSIMO FRANCO – INVESTIGATION OF THERMAL PROTECTION SYSTEMS FOR HYBRID ROCKET MOTORS

Outline
1. Introduction

 Hybrid rocket motors

 Thermal protection systems

2. Experimental tests

 Experimental set-up

 Combustion chamber

 Nozzle zone

 Materials selection

3. Post-processing tools

 X-ray tomographies

 SEM analyses

 1D ablation code

1. Experimental results

 Test matrix

 Graphite screening tests

 Best graphites in-depth study

 Throat inserts

 Carbon & silica/phenolic

 Backup liners

 Convergent inserts

2. Conclusions

      Extra



Experimental set-up
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timersilencer

video camera

ox fed line venturi

test-valve

load cell

catalyst
combustion chamber

nozzle assembly

rails pressure sensors

Experimental set-up
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Combustion chamber

fuel grain

swirl injector

conv-insert

nozzle holder

nozzle instert throat insert
nozzle bakup liner

nozzle holder
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Nozzle zone

Disposition of the 
thermocouples



Materials selection
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7 graphite grades

Silica/phenolic

2 types of 
carbon/phenol

ic

Cotton/phenolic   Glass/phenolic     Silica/phenolic



Materials selection
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3 types of 
carbon-
carbon

Glassy-
carbon

Tungsten
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X-ray tomographies
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SEM analyses
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SEM analyses
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1D ablation model
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Surface energy 
balance
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15



MASSIMO FRANCO – INVESTIGATION OF THERMAL PROTECTION SYSTEMS FOR HYBRID ROCKET MOTORS

Outline
1. Introduction

 Hybrid rocket motors

 Thermal protection systems

2. Experimental tests

 Experimental set-up

 Combustion chamber

 Nozzle zone

 Materials selection

3. Post-processing tools

 X-ray tomographies

 SEM analyses

 1D ablation code

1. Experimental results

 Test matrix

 Graphite screening tests

 Best graphites in-depth study

 Throat inserts

 Carbon & silica/phenolic

 Backup liners

 Convergent inserts

2. Conclusions

      Extra



Test matrix
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Screening tests 
on graphite 

grades
Phenolic-

based 
materials

Further tests on 
the best 
graphites

Glassy-carbon

Screening tests 
on 

carbon/carbons

Backup nozzle 
liners

Tungste
n
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Test results
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Graphite screening tests
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Graphite-1

Graphite-2

Graphite-3

Graphite-4

Graphite-5

Graphite-6

Graphite-7
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Graphites in-depth study
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Graphite-4 #009Graphite-4 #021
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Graphites in-depth study
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Graphites in-depth study
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Graphite-4
 30 bar ; fuel rich

Graphite-4
 20 bar ; fuel rich

Graphite-4
 20 bar ; ox rich

Graphite-4
 30 bar ; ox rich

Graphite-4
 20 bar ; O/F ≈stoichiometric

Fuel r
ich

Ox rich
↗

↗
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Throat inserts
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Throat inserts - Tuungsten & glassy-carbon
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Glassy-
carbon

Tungsten
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Throat inserts - carbon/carbon
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Carbon & silica/phenolic
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Carbon & silica/phenolic
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Carbon/
phenolic-2

Silica/
phenolic-2
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Backup liners
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Cotton/
phenolic

Glass/phenolic Silica/phenolic
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Backup liners
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Convergent inserts
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Cotton/
phenolic

Carbon/
phenolic-1/2

Silica/
phenolic
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Convergent inserts
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Cotton/
phenolic

Carbon/
phenolic-1

Carbon/
phenolic-2

Silica/
phenolic-1
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Conclusions
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There could be large differences between the erosion performances of 
different graphite grades. The most important parameters that should be 
compared are the density, grain size, pore size, flexural strength, and 
thermal conductivity.

Graphite has good performances considering also its low cost but are very 
sensitive to the mixture ratio of the engine. It could be more convenient 
to work with fuel rich mixtures because of the benefits on the erosion 
behavior of graphite.

Commercial carbon/carbon materials exhibit low erosion performances so 
their use in the throat region should be avoided.

Glassy-carbon and Tungsten have booth an acceptable erosion rate but 
have a much higher cost compared to graphite.

Silica/phenolic is the best phenolic-based composite for the hybrid rocket 
motor environment. Its main cause of erosion are the shear stresses of 
the combustion gases so its use should be limited to the converging 
region or in general to areas with lower shear stresses. 31



Thank you for your time! Any questions?
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