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There is a clear emergence in small satellites (<200kg), which, in just one year, increased by 400% the fouryear forecast of satellite launches. The increase in performances of microsatellites sets the conditions for a
disruption in the Space industry. The lower cost of microsatellites (several orders of magnitude lower) will open
Space to a wider range of institutions creating the future Space applications based society. For this to happen, the
basic tool that will empower microsatellites to perform at their full potential is a dedicated microsatellite
launcher.
The objective of bloostar by zero2infinity is to design and develop a Near Space balloon assisted launcher to
service said market. The launch of a microlauncher from a Near Space balloon presents the following benefits
when compared with other approaches: (i) it has the potential to decrease by 30 to 50% current launch costs for
microsatellites, (ii) it requires minimal capital investment for a launcher since it saves all the capital costs of an
aircraft first stage and is much simpler than a ground-launched vehicle, (iii) it offers microsatellites the capacity
to responsively get into orbit, (iv) the savings in aerodynamic losses and non-adapted nozzles allows doubling
the available payload, (v) simplicity in the design philosophy for the launcher will ensure low development and
operation costs: pressure-fed system, differential-throttling control, low thermal loads and virtually negligible
aerodynamic loads.
bloostar presents a novel architecture offering a new value proposition built around proven technologies.
Increased balloon payload capabilities together with advanced lightweight materials for the launcher and
powerful mission analysis tools make it feasible to step into orbital launches from Near Space balloons.
I. BLOOSTAR BACKGROUND
The already known emergence in small
satellites and the lack of dedicated microsatellite
launchers brought zero2infinity to develop bloostar.
A dedicated microsatellite launcher will allow
decreasing the operational costs of putting small
satellites into orbit through a traditional launch
vehicle. Moreover, a dedicated microsatellite
launcher gives flexibility in terms of orbit altitude
and inclination selection, as well as in scheduling
the launching day.
Stratospheric balloons were used by scientists
and engineers as reliable platforms to carry cosmic
ray and astronomical observation equipment above
99% of the atmospheric mass during the early years
of the second half of the 19th century [1]. At the
same time, Professor James A. Van Allen put
rockoons (rockets launched from balloons) to
practical use by raising a 4200 m3 balloon at an
altitude of 22 km and then firing the rocket that
lifted 13.6 kg payload of instruments to high
altitudes [2].
Few years later, Project Farside was initiated to
reach a simple goal: send a small scientific payload
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to an altitude as high as possible. The project
consisted in a four-stage vehicle using solidpropellant rockets; the vehicle was lifted by a
balloon (106000 m3) to an altitude of 30 km where
it was fired through the balloon [2][3].
The use of a balloon was also introduced within
the Venus Surface Sample Return project in order
to reduce the weight and dimensions of the rockets
needed to overcome the denser part of the Venus
atmosphere [4].
These forerunner projects helped to develop the
idea behind the bloostar concept: the use of a Near
Space balloon to launch the vehicle avoids the use
of the rockets during travel through the denser part
of the atmosphere, resulting in significant deltaV
savings due to lower drag and smaller gravity
losses.
Furthermore, the ignition of the rockets only in
close-to-vacuum conditions and the use of liquid
rocket engines allow optimizing the specific
impulse.
The flight cycle is divided in two phases; the
first phase consists in the ascent to 20 km by using
the Near Space balloon. The second phase starts
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when the rockets are ignited and it consists in three
different stages.
bloostar is capable of launching 75 kg payload
into a 600 km polar orbit. A PCT patent covering
some of the most innovative aspects of the design
has been submitted. The first launch trial of
bloostar vehicle is expected in 2018.
II. BLOOSTAR TECHNICAL OVERVIEW
Bloostar’s main dimensions are shown in Fig. I
and II. The ring configuration takes its inspiration
from upper stages of existing launchers. The first
stage wraps the second stage with a torus-shaped
structural tank.
Similarly, the second stage tank is also a torusshaped tank around the last stage forming the
structure of the stage to which the engines and other
subsystems are connected. This configuration saves
dry mass since all the engines can be ignited during
the whole trajectory.
In order to optimize the performance, a crosstanking capability can be implemented. The
separation of the stages is shown in Fig. III.

Fig. I: bloostar top view with dimensions.
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Fig. II: bloostar side view with dimensions.
The balloon will be filled with Helium as lifting
gas. The lower density of Helium with respect to
the air makes the balloon float. The buoyancy effect
takes the balloon with its payload to over 20 km.
Once the rocket is ignited or in the event of a
launch abort, the Near Space balloon is detached
from the platform and the platform descends with a
parachute.
There are 6 engines in the first stage with a
thrust of 15 kN, another 6 engines in the second
stage with 2 kN of thrust, and a core engine in the
upper stage with also 2 kN of thrust. The propellant
combination chosen is liquid oxygen and liquid
methane. This bi-propellant is the perfect match
between performance, simplicity of combustion and
green propulsion.
bloostar
uses
an
innovative
Vapour
Pressurization (VaPak) system. The main
advantage of the VaPak concept compared to
alternatives like inert gas pressurization or pumpfed systems is its reduction in complexity and a
reduction in empty weight. Vapour Pressurization is
based on the use of high vapour pressure of the
propellants to provide the pressure difference
required for the propellants to flow into the
combustion chamber. The high vapour pressure is
obtained from the internal energy of a liquid stored
in a closed container [5]. As propellant is drained,
liquid boils, and resulting gas re-pressurizes the
propellant tank [6]. The system is shown in Fig. IV.
The VaPak system is used at every stage to
pressurise the propellants tanks to 16 bar.
bloostar uses linerless cryogenic tanks that
reduce weight, costs, and the complexity of
integrating metal liners with composite tanks. The
tanks act as load bearing elements saving further
weight and cost.
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concerning real-time flight data towards vehicle on
ground tracking and monitoring, and off-line data
for post-mission exploitation; ground-to-launcher
communications provide the link for ground safety
commands.
The balloon segment will isolate the rocket
from the rotation of the balloon and also provide a
telemetry relay from the ground to the launcher,
extending the range significantly. The balloon
launch pad will have the capacity to point the
launcher towards the preferred azimuthal direction
for the rocket ignition. The flight train is also
located between the balloon and the vehicle and
hosts all the necessary equipment for a successful
balloon operation, it consists in: the balloon
envelope, a GPS for envelope recovery, two
transponders, two radar reflectors, a flight
termination system, a round parachute for the
recovery of the platform, the parachute release
system, a telemetry system that allows the
communication between ground and the balloon, a
ballasting system, and a pointing mechanism.

Fig. III: Separation of the stages of the bloostar ring
configuration.
Using a propulsion system based on green
propellants and a first balloon ascent using inert
Helium will mitigate the chemical contamination of
traditional launchers.
The moment required to steer launcher is
produced by differential throttling and gimballing
of all engines.
The compact configuration of bloostar makes
control much simpler than the one of traditional
very slender bodies. For instance, the turning radius
is very small, compared to the one of a missile. The
GNC (Guidance, Navigation and Control) system
calculates the optimum trajectory and controls the
elements to alter the trajectory. Both first and
second stages have engine out capability.
The avionics system is responsible for sensing
the motion of the launcher, monitoring the
subsystems state, communicating with ground and
providing the computational power and internal
communications for the GNC software and
subsystems interactions. The avionics system also
supplies the necessary electrical power both for
nominal function and for high energy events such
as stage separation. Communication between
ground and the launcher is crucial during the
development of the mission; launcher-to-ground
communications provide data to the ground
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Fig. IV: balloon inflation and launch from a ship

Fig. V: bloostar just before ignition.
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Fig. VI: Ignition.
A breakdown of the masses of each bloostar
stage is shown in Table I. The table also illustrates
the ideal increment of velocity (deltaV) that every
stage contributes to.

Fig. VII: Flight cycle of bloostar.
III. TRAJECTORY AND PERFORMANCE
bloostar will be launched from a ship reducing
the risk of launch delays. Several launch windows
can be mapped over the surface of the ocean and
the one with least chances of weather delays can be
selected. Additionally, the ship can move at the
speed of the wind and thus compensate ground
winds. The use of the ship allows creating a near
zero wind column to inflate and release the balloon
from the deck. The ship itself does not need any
significant adaptation for the operation. Any ship
with a sufficiently big flat area to fit the 12 ISO
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First stage Second stage
Structural
552.7
118.8
mass (kg)
Fairing (kg)
25
0
Propellant
3284.6
622.6
mass (kg)
Total stage
3862.3
741.4
mass (kg)
Stage
1138.8
397.4
“Payload” (kg)
Engine Isp (s)
342
342
Ideal deltaV
3587.8
2654.6
(m/s)
deltaV contrib.
40.2
29.8
(%)
Table I: bloostar masses breakdown.

Third stage
103.7
0
218.7
322.4
75
342
2681.4
30

containers where all the system can be packed
could be rented to perform the flight. The payload
is mounted near the balloon inflation area. The
effective launch area should be of around 50x17
metres.
The chosen location for the initial launches is
the south west of the Canary Islands due to the
calm seas and low wind speeds generated by the
constant weather patterns and the geographic
characteristics of the islands. This location is also
excellent to choose a desired orbit since most
azimuths are available.
The Government of the Canary Islands has
expressed interest in the activity and provided a tax
incentive package for satellite launches from its
territory that includes a 4% corporate tax.
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The first phase of the flight is a balloon ascent
to Near Space (20 km) during approximately 90
minutes. The second phase starts once the balloon
is taken down. The first stage lasts around 110
seconds and takes the microsatellite launcher up to
80 km at an inertial speed of 2.3 km/s, during this
stage the engines are producing thrust with a total
vacuum impulse of 104 kN. The second stage raises
the vehicle to 400 km in 230 seconds, at the end of
this stage the vehicle is flying at 4.4 km/s. The last
stage performs several upper stage fires to
optimally orbit the payload. The first fire lasts for
340 seconds and allows the payload to reach 600
km of altitude while still slightly below the target
orbital speed. Then, the upper stage coasts for 250
seconds to optimally orbit the microsatellite. Lastly,
the last boost of the upper stage is performed to deorbit the stage in order to minimize the amount of
space debris left by the mission. During the ascent,
the maximum axial acceleration reaches
approximately 7 g’s. The sequence of the bloostar
flight that has been described above is shown in
Fig. IX, distances are not scaled.
Both ASTOS and ZOOM trajectory software
solutions have been used to determine the quasioptimum trajectory and rocket configuration for a
mission objective [7], [8].

Fig. X shows a trajectory simulation which
includes the altitude and inertial speed as a function
of the flight time.
IV. PAYLOAD CAPABILITY
The payload that bloostar can carry to circular
orbits of different altitudes is shown in Fig. XI.
One of the main advantages of a balloonassisted launcher is that it can fit microsatellites of
larger dimensions. No longer they have to be
constrained to the tip of a missile or a standard
secondary payload enclosure. Performance of
microsatellites is more proportional to surface than
to weight (surface area gives power, surface of
mirror gives resolution, antenna gain is also
proportional to its size). An oversized (1.7m x 1.7m
x 0.75m) fairing has been designed to free up the
design possibilities of microsatellite manufacturers
which can now produce more capable
microsatellites. The fairing is made of a series of
inner carbon fibre beams and a large coated high
temperature cloth. It serves no aerodynamic
purpose, but it’s there to protect the sensitive
satellite payload from the heat. The fairing opens
just before the first stage is released from the
vehicle. Once it is opened, the fairing is collected
around the torus’ internal radius of the first stage.

Fig. VIII: Trajectory Simulation
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Fig. IX: Payload mass vs. circular LEO altitude.

V. PROPULSION TESTING
The engines have been designed in consultation
with experts and using RPA for preliminary design
[9]. The results have been compared to actual
liquid-propellant rocket engines [10].
Their performance is at the optimum point
adapted to vacuum conditions. When a nozzle is
adapted for low exterior pressure it needs to have a
very large area, which is not compatible with
slender missile shape rockets. By being blunt it is
possible to accommodate a much larger exit area
for the rockets, increasing the efficiency of the
propulsion.
The engine can be 3D printed in Inconel,
simplifying the rapid prototyping-test-improvement
cycle. Ceramic thermal protection can be deposited
on parts of the chamber for enhanced durability.
zero2infinity is testing its own liquid rocket
engine prototypes (oxygen – light hydrocarbon), an
example shown in Fig. XIII.
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Fig. X: Ground ignition of the rocket prototype.
VI. RELIABILITY
By using COTS components and flight proven
Near Space balloon components, the reliability of
bloostar can be very high. Matlab, ZOOM and
ASTOS simulations indicate that bloostar is able to
perform its mission in a range of off-nominal
conditions, from initial torque at separation to
engine out events.
The telemetry is four time redundant since each
stage and the flight train include a set. The balloon,
after separation acts as a relay for communications
with the launch boat.
The blast radius in case of a catastrophic failure
is far away from human life. This would not be the
case of a rocket being fired from a crewed airplane.
In the present invention, humans are 10s of
kilometers away from the rocket ignition.
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VII. CONCLUSIONS
In conclusion, bloostar has many advantages to
put small satellites in their required orbits:
- Easier integration: it’s easier to integrate the
stages and the payload horizontally than with a thin
and slender rocket, which needs to be either erected
after horizontal integration, or housed in a very tall
enclosure for integration.
- Increase of volumetric capacity: The payload
can have larger size, for equal weight. It can be
hosted in a wider fairing, since the vehicle does not
have to be slender. In traditional rockets,
microsatellites have to fit into a small volume
(either because they are constrained by the volume
of small fairing of a slender rocket, or because they
have to fit in standard containers for secondary
payloads). A slender body is a requirement for any
launcher that needs to go through the lower and
denser layers of the atmosphere at high speed
without prohibitive drag losses. But slender tanks
are volumetrically inefficient (they weigh a lot for
the amount of propellant they carry). The weight of
the tank comes from the structural weight and also
the insulation weight (this is more important for
cryogenic propellants).
- The shockwave during the re-entry is very far
away from the body of blunt shape of the stages, for
instance for annular stages, that is, there is a large
standoff distance. This shape generates a high
amount of drag, which slows down the stages as
they re-enter. A blunt body spreads the heat over a
wider area than a slender one, acting as an effective
heat shield thus allowing a lighter structure of the
vehicle. This makes recovery of the stages easier.
This potential for recovery, refurbishment and
reusability could eventually reduce the cost of
launch.
- Decrease of vibrations and sound pressure due
to ignition of engines at high altitude instead of on
the ground.
- The vehicle can be pressure fed, with low tank
weight and high efficiency in the engines, instead
of pump fed. The pumps are one of the most
expensive, prone to failure and heavy parts of a
launcher.

way up” through the atmosphere, which is taken
care of by the balloon.
Further information and updates can be found
on the bloostar website. http://www.bloostar.com/
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- Re-usability is easier, since the stages have
been designed “for the way down” and not for “the
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