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Hybrid Rocket Motors

Igniter

Oxidiser tank Valve Fuel grain Nozzle

Injector

Advantages :
& Disadvantages
>
safety » Low regression rates
» Low costs : .
T - Low volumetric efficiency
» Simplicity

» Combustion efficiency

> Green propellants .
prop > High oxygen content

> Oxidizer flow control
- Mission abort and throttlability
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Thermal protection systems

General concepts
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Materials choice

POLYCRISTALLINE GRAPHITE
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Experimental set-up

Configuration 1

GRAPHITE

C4a0

Configuration 2

ia
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Test matrix

Test . : : :

Thermocouples

1 1 7 position
2 1 15

3 1 15

4 2 20

<) 2 24.5

» Chamber pressure = 20 bar
» Oxidizer mass flow rate = 2 kg/s
» O/F=6
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Test bench
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Experimental results
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Graphite erosion

TEST #1,t, = 7s TEST #2,t, = 15s
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Graphite erosion

TEST #3,t, = 15s
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Graphite erosion

TEST #5,t, = 24.5s
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Graphite erosion

configuration b_urning
time [s]
1 1 7 0
2 1 15 0.0138
3 1 15 0.0516
4 2 20 0.0552
5 2 24.5 0.0612

0
0.35
0.81
1.68
2.25

—> O/F = 4.83
—> O/F = 5.68
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Cotton phenolic erosion

G.COLOMBO

General considerations
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Cotton phenolic erosion

TEST 1,t, = 7s
CONFIGURATION 1
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Cotton phenolic erosion

TEST 2,t;, = 15s
CONFIGURATION 1
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Cotton phenolic erosion

TEST 3,t, = 15s
CONFIGURATION 1
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Cotton phenolic erosion

Configuration 1

X
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Cotton phenolic erosion

TEST 4,t;, = 20s
CONFIGURATION 2

0.36 mm/s

0.31 mm/s
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Materials interaction
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Cotton phenolic erosion

TEST 4,t;, = 20s
CONFIGURATION 2

0.24 mm/s

0.13 mm/s
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Cotton phenolic erosion

TEST 4,t, = 24.5s
CONFIGURATION 2

0.39 mm/s

0.30 mm/s
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Cotton phenolic erosion

TEST 5,t, = 24.5s

CONFIGURATION 2 0.23 mm/s

0.20 mm/s
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Temperature data

Test 4
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Temperature data

Test 5
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Outline

11D ablation model
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1D ablation model

1st layer | 2nd layer
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Temperature profileatt=0s
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Future work

1st layer

| 2nd layer

QCOTl
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adiatl'on
00

SURFACE ENERGY BALACE —>thermochemical code (CEA)
Decomposition process & material properties
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Future work

EXPERIMENTAL ANALYSIS
CARBON-PHENOLIC & SILICA PHENOLIC

NUMERICAL ANALYSIS

Porous material Analysis Toolbox (PATO)

2 U ey e e e e e e - e 2 shock
é ! Long distance effects — ' !
I8 : - Radiation i :: | Non-viscous
g : : S ‘: o : flow
— I [ I
8_ | Flow/surface interactions | Boundary
E‘ | -Ablation (oxidation, sublimation, spallation), | layer
W | -Heat and mass surface balance (1) |
4 r == 3000 K
I Subsurface phenomena (not always) !
I - Boundary layer gases entering in the material (3) : Ablation
I - In-depth oxidation (3) ! zone
8 | i 3C.H, |
= | ' Heat |
é Heat and mass transport i x i
; - Solid density conservation (1) E s+ 3H, Coking
n - Steady-state gas conservation (1) i ¢ He+H,0  zone
g - Gas density conservation (2) | ki
Q - Gas momentum conservation (2) E J / ~1200K
$ - Gas element/species conservation (3) E o
= - Energy conservation (1) i ;
© | e Pyrolysis
i 2
E i db zone
© Production phenomena E
S - Pyrolysis production rate (1) |
. - Pyrolysis species/elements produced (3) i ______ B .. 100 K
I - Chemistry of the gases (3) ! o3 |
I i | Virei
I Virgin
- E dt' material
1 :in all material-response models (type 1) i Phenolic polymer |

2 :in some material-response models (type 2)

: : ; ‘Chemistry mechanisms
3 :in detailed material-response models (type 3)

(simplified illustration)
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Thank you for your time! Any questions?



Extra



Materials interaction
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Cotton phenolic erosion
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Cotton phenolic erosion

Configuration 1 Configuration 2

tb =7s tb = 15s tb = 15s tb = 20s tb = 24.5s
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Cotton phenolic erosion

Configuration 2

tb = 20s tb = 24.5s
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