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The Small Satellite Market is Booming
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The Small Satellite Market is Booming

1999 2001 2003 2005 2007 2009 2011 2013

OPAL PicoSats (2)

Minotaur I

250 grams

MEPSI

STS-113

800 grams each

MEPSI

STS-116

1.1 and 1.4 kilograms

AeroCube-3

Minotaur I

1.1 kilograms

PSSC Testbed-2

STS-135

3.6 kilograms

MightySat II.1 PicoSats (2)

Minotaur I

250 grams

AeroCube-2

Dnepr-1

998 grams
PSSC Testbed

STS-126

6.4 kilograms

AeroCube-4.0 (1)

AeroCube-4.5 (2)

Atlas V, NROL-36

1.3 kilograms

AeroCube-1

Dnepr-1

999 grams

First university

CubeSat launch

REBR2 (2)

H-IIB

4.5 kilograms

with heat shield

REBR (2)

H-IIB

4.5 kilograms

with heat shield

(Not to relative scale)

(Not to relative scale)

=Launch Failure
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The Small Satellite Market is Booming

2013 2014 2015 2016 2019

AeroCube-7A (1)

OCSD Lasercom

ISARA

Integrated Solar Array and

Reflectarray Antenna (JPL)AeroCube-5A&B

AeroCube-6 (2)

Radiation Dosimeters

AeroCube-8 A&B (2) AeroCube-5C

AeroCube-7 B&C (2)

OCSD Lasercom & Prox

Ops

20182017

AeroCube-8 C&D (2)

AeroCube-12 A&B (2)

AeroCube-10 (2)

AeroCube-11 A&B (2)

R3
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Most smallsats fly with no propulsion at all

https://www.planet.com/flock1/

You cannot maintain a set orbit

You cannot increase altitude or change inclination
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If we want to replace large, expensive satellites

We need to develop new propulsion systems

that work on a small scale
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The Small Satellite Market is Booming

2013 2014 2015 2016 2019

AeroCube-7A (1)

OCSD Lasercom

ISARA

Integrated Solar Array and

Reflectarray Antenna (JPL)AeroCube-5A&B

AeroCube-6 (2)

Radiation Dosimeters

AeroCube-8 A&B (2) AeroCube-5C

AeroCube-7 B&C (2)

OCSD Lasercom & Prox

Ops

20182017

AeroCube-8 C&D (2)

AeroCube-12 A&B (2)

AeroCube-10 (2)

AeroCube-11 A&B (2)

R3
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Flight Tested Small Satellite Propulsion Systems

Cold Gas

Solid

Electric

Monopropellant

References on last slide
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Hydrogen Peroxide Vapor Thruster

Higher performance
than a water thruster

For Small Satellites

Controllable low thrust

Green propellant

Low pressure

Low power

Continuous thrust and 

pulse options

Small overall package

Controllable 

low thrust

Green propellant

Low pressure

Low power

Continuous thrust and 

pulse options

Small overall package

Liquid-

Phase 

Propellant

H2O2

Vapor-

Phase 

Propellant

H2O2

Catalyst

Hot 

Product 

Gas
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Higher performance
than a water thruster

ECAPS 

Monopropellant 

Thruster

https://www.orbitalatk.com/defense-systems/missile-products/HPGP

Requirements:

1. No phase separation

2. Liquid phase at ambient 

conditions

3. Low vapor pressure

4. Low health hazard

5. Low volatility in storage

Hydrogen Peroxide Vapor Thruster

For Small Satellites

Controllable low thrust

Green propellant

Low pressure

Low power

Continuous thrust and 

pulse options

Small overall package

Controllable 

low thrust

Green propellant

Low pressure

Low power

Continuous thrust and 

pulse options

Small overall package

Liquid-

Phase 

Propellant

H2O2

Vapor-

Phase 

Propellant

H2O2

Catalyst

Hot 

Product 

Gas
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1. Prove the concept.

2. Understand propellant and catalyst behavior.

3. Investigate the performance and its application as a 

small satellite propulsion system.

Objectives
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Theoretical Performance

Introduction to the H2O2 Vapor Thruster

Assumptions

w Catalyst chamber pressure = 

H2O2 vapor pressure

w Steady flow

w Constant pressure decomposition

w Isentropic expansion

w Choked flow

w Negligible boundary layer

0.9 Liquid Mole Fraction

0.79 mm

4.8 mm

60 °C Tank Temperature
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Prototype 1 (of 3): Proof of Concept

Introduction to the H2O2 Vapor Thruster
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Introduction to the H2O2 Vapor Thruster

Prototype 1: Test Results

0.05-0.07 °C/s

5.7-8.6 °C/s

Test
H2O2 Conc. 

(by mass)

1 79%

2 79%

3 79%

4 79%

5 90%



16

Introduction to the H2O2 Vapor Thruster

Prototype 1: Test Results

H2O2 Vapor Mole Fraction > 0.5

Catalyst temperature > 130 °C
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Small k

Large k

Hydrogen Peroxide Vapor Reaction Rates

Catalytic (Surface) Decomposition Gas-Phase DecompositionwPlatinum

wSilver

wPalladium

wManganese 

dioxide

wCopper

wWire

wMesh

wPowder

wPellets

Catalysts
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Reaction Rate Experiment

Hydrogen Peroxide Vapor Diagnostic - Reprise

wPlatinum on Alumina Spheres

wSilver Mesh

wPlatinum Mesh

Catalysts
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Reaction Rate Experiment

Hydrogen Peroxide Vapor Diagnostic - Reprise

wPlatinum on Alumina Spheres

wSilver Mesh

wPlatinum Mesh

Catalysts
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Experiment

Hydrogen Peroxide Vapor Reaction Rates

Platinum on Alumina Spheres

Silver Mesh Platinum Mesh
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Multiphysics model

Hydrogen Peroxide Vapor Reaction Rates

Catalyst Destruction
BR* 

Rate

COMSOL 

Rate
ERC**

Platinum 

on Alumina 

Sphere 

(3.05 mm)

56.5% 55 s-1 1.74 s-1 3.0 x 10-3 m/s

Silver 

Mesh
73.7% 398 s-1 10.7 s-1 4.0 x 10-3 m/s

Platinum 

Mesh
25.3%

26.8 s-

1 1.42 s-1 3.9 x 10-4 m/s

* BR = Batch Reactor

** ERC = Engineering Rate Constant

Model Assumptions

w Gas-only

w Axisymmetric

w Finite rate
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Prototype 2 (of 3): Focus on Catalyst and Chamber Construction

Performance Optimization

w Silver Mesh

w Platinum Mesh

w Platinum on Alumina 

Spheres

Catalysts



23

Prototype 2: Stainless        * Nozzle

Performance Optimization

Silver: 7 sheets

Silver: 7 sheets

Tank Temp.

N
o

z
z
le

T
a
n
k

Nozzle Temp.

*          = CD = Converging Diverging

3 Sheets 7 Sheets 14 Sheets Spheres

Silver        139 °C 135 °C 98 °C 

Platinum           124 °C 131 °C 114 °C 

Silver        182 °C 181 °C 130 °C 

Platinum           169 °C 176 °C 154 °C 

Silver        231 °C 236 °C 170 °C 

Platinum           220 °C 224 °C 203 °C 

60 °C Tank Temperature 

70 °C Tank Temperature 

80 °C Tank Temperature 

3 Sheets 7 Sheets 14 Sheets Spheres

Silver        139 °C 135 °C 98 °C 

Platinum           124 °C 131 °C 114 °C 

Silver        182 °C 181 °C 130 °C 

Platinum           169 °C 176 °C 154 °C 

Silver        231 °C 236 °C 170 °C 

Platinum           220 °C 224 °C 203 °C 
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Prototype 2: Nozzle Construction

Performance Optimization

Nozzle
60 °C 

Tank

70 °C 

Tank

80 °C 

Tank

Stainlessxxxx 135 °C 181 °C 236 °C 

Macorxxxx 174 °C 239 °C 304 °C 

35-45% 

System 

Pressure 

Drop

Silver: 7 sheets

C
a

t.
 C

h
a

m
b

e
r

C
a
ta

ly
s
t
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Macor Stainless

Prototype 2: Characterization of Heat Loss

Performance Optimization

Model Simplifications

w Only heat transfer, no flow or chemical 

reaction

w Reaction modeled as heat flux

w Simplified geometry with perfect thermal 

connection

Model matches 

experimental data 

closely

Heat Transfer Assumption Complete
No Conduction 

to Manifold

No 

Radiation

Macor xxxx Catalyst Temp.         199 °C 369 °C 206 °C 

Stainless xxxx Catalyst Temp.    224 °C 527 °C 233 °C 
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Prototype 3 (of 3): Thrust Measurement

Performance Optimization
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Prototype 3: Thrust Measurement

Performance Optimization

Kalrez O-ring Variant Vespel Spacer Variant

H2O2 & H2O
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Prototype 3: Thrust Measurement

Performance Optimization
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Prototype 3: Thrust Measurement

Performance Optimization

60 °C

70 °C

80 °C


