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New Trends: Green Propellants
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Research Goal

glr’Pefgol"C Is the use of thermal energy sufficient to achieve
50, in-house refined High Test Peroxide decomposition
EtOH to allow for dual-mode system, as monopropellant
Thermally and as pseudo hypergolic bipropellant with

ethanol, and if so, under what conditions?

* Procurement of H,O, through in-house approach

« Thermal decomposition of HTP to provide detailed study of
required conditions

« Pseudo hypergolicity to prove and characterize its possibility
avoiding catalysts

- Characterization to provide with an understanding of the the
process for its future application
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Outline

Monopropellant: Bipropellant:
Thermal Pseudo
Decomposition Hypergolicity

Propellant
Procurement
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. Scope of my MSc. thesis
1. Direct obtaining 1. Temperature: needed

and expected
2. Freezing method 2. Experimental setup

1. Innovative solution 1. Methodology

2. Testresults
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Procuring High Test Peroxide

o=

ICAO IMO
<40% <60% >60% 70-98%
v Suppliers (s,
Sup[& £ Satthiany

0 cOppency
v Research institutions 88%87.5%

“TNO

Aerospace Europe Conference | Bordeaux | 25 February 2020

]
TUDelft



The Freezing Method

Liquid Nitrogen K-Type Thermocouple

|

Liquid H202

Supercooled H202
(-90°C)

Frozen nitrogen container
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Innovative Approach: Patent Results

Concentration H,O,[%]
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Maximum concentration:
99.5%

Minimum initial concentration:
10%

Average of 1.1% increase per
hour

Fastest recorded: 99.5% in
23h

Order of magnitude cheaper
than available systems

Improvements show
reduction in time and
increase in yield
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Monopropellant: Thermal Decomposition

Monopropellant: Bipropellant:
Pfgggfel:igt]t Thermal Pseudo
Decomposition Hypergolicity

1. Temperature: needed
and expected
2. Experimental setup

1. Methodology

2. Test results
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Thermal Decomposition: Theory

1
H202(aq) — H20() + S 02(g) + AH

« What temperature is expected to happen?
v Adiabatic flame temperature

Concentration of HyO,[%]
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The Experimental Setup
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Methodology

« Concentrations: 75, 80, 85, 90, 95 %
 Heating plate: 50, 100, 150, 200, 250, 270 °C

- Droplet: 0.13 mL (H,0,)
- HSPC: 6,400 fps

*  Thermocouples: (1-3) 55Hz

Concentration [%+1%)]
T [°C+10°C] 75 80 85 90 95
50
100
150
200
250
270
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Results: Valid Combinations and Profile
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80% HTP on 270°C
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Results: Maximum Temperature

Temperature after decomposition [°C] vs. HTP concentration [%]
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Results: Decomposition Time Delay

DDT [ms] vs. HP temperature [°C] for HTP concentrations
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Decomposition Lessons

* Minimum of 200 °C and 80% HTP is needed to
decompose

« All combinations from 80% HTP and 200 °C can
auto ignite ethanol
— Tmax increases with concentration

- DDT decreases with temperature
— Heating element at 270 °C gives less than 100 ms

- Thermal approach is possible for
monopropellant
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Pseudo-hypergolic demonstration
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Conclusions and recommendations

- Study on the purity of the HTP in terms of stabilizers

» Larger funding for setup with close chamber: pressure
variations
— Color-mode equipment
— Impinging mechanism
- Test the approach on a flow of hydrogen peroxide

« Detall study on the exact liquid-to-vapor ratio prior to
decomposition for better modeling of the approach

- Vary the height of the setup to mimic different injector
situations
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