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THE MARS PNEUMATIC LANDER VEHICLE

By: Rudolph N.J. Draaisma, Nov 2014 contact: engineering@draaisma.net

ABSTRACT
The idea brought forward here is a method to land massive payloads on Mars, while reducing the fuel need for descent.
This is done by collecting, while compressing Martian atmospheric air during decent in a barrel, which is placed in a
carrier. The carrier is of such a design that it doesn’t need to land softly, but at a certain admissible speed impacts on
the ground, destructing its lower part, thus forming a landing platform, while the payload, initially fixed mounted at the
top of the barrel, is unlocked at impact, to move down in the barrel by its own inertia, thus further compressing the
captured air and by that action becomes decelerated in a controlled manner, towards a halt at the lowest point reached.
Calculations on a payload of 10 metric tons are shown here, while much larger masses can be landed with this method,
depending on what pressures can be reached (as yet unknown). Moreover, the lander is designed as such that it doesn’t
need a solid heat shield, but forms a protective air cushion instead, shielding off and reducing friction temperatures,
while increasing the retro-force. Last but not least, the barrel provides a “launch gun”, which reduces the fuel need for
an ascending crew capsule to an orbiter craft, for further transport back to Earth. The barrel, then no longer useable for
space transports, can be closed at its top, together with the lander becoming a habitat later. In addition, a nuclear
powered electricity, water and oxygen supply system is shown schematically, for processing ice particles in the
Martian soil (as found by the Curiosity rover), while solving the temperature control problem by means of mass
rejection. The latter is not within the scope of this paper, but mentioned for completeness.

DESCRIPTION
A schematic basic design, as shown below, consists of a lander shell, the carrier, containing a torus-shaped fuel tank
and ditto rocket nozzle, a cylindrical barrel in its center, a conically widening dome at its bottom, and an initially fixed
mounted payload in the upper end of the barrel.
The bottom of the barrel has a back-valve that remains open
as long as the pressure (P) in the dome is higher than in the
barrel. When descending at very high speed through the
Martian atmosphere, though thin as it is, yet a considerable
pressure will be built up in the dome, which of course then
exists in the barrel also.
At pressure equilibrium there is no pressure difference over
the bottom of the barrel, and thus no force is acting on it,
while there is a considerable pressure difference inside the
barrel with the surroundings, which causes an upward force
(F) on the payload’s bottom.

This force is added to the unchanged
resistance (friction) force on the air
cushion that is formed in the dome,
because that air cushion cannot build up
an equal counter force on the craft. This
may be confusing; therefore it is illustrated here to the left.
The air cushion’s friction against the colliding atmospheric air
causes heat, but not quite as it would be on a solid-surface heat
shield, due to the general gas law: 𝑃𝑉 = 𝑚𝑅𝑇, or 𝑇 = 𝑃𝑉/𝑚𝑅 .
At increasing pressure (P) the gas mass (m) increases, while the
volume (V) is a design constant of the vehicle. This limits the gas temperature (T) inside the dome and the barrel,
which makes the air cushion “stone-hard”, diverting excessive heat in the air streams pressed aside. No friction heat
will be generated on the construction material of the dome (the static air cushion is a good temperature insulator as
well), but on its rim only. This is a great improvement that obviously could be used in Earth’s atmosphere as well…
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In order to further decrease fuel consumption, the idea is that the lander smashes into the ground with a considerable
speed, at which the dome basically gets destroyed, i.e. becomes heavily deformed, thus “merging” with the ground in a
per design predictable manner, while the rest of the shell remains intact. In the moment of impact, the payload is
unlocked to move freely in the barrel, thus not being affected by the sudden stop of the latter.
To increase the rocket’s efficiency, a torus-shaped nozzle is applied, thus ensuring maximum and homogenous filling
of, and so a higher pressure in the dome, before the exhaust gases spread freely to the surroundings at no further use.
This way, the whole of the dome becomes a rocket nozzle, by its large bottom-area and dome pressure, yielding a
much larger retro-force than the action of the rocket nozzles alone, thus further reducing fuel consumption. Mind that
just 0.1 bar (10 kPa) pressure difference yields a force of 1 metric ton/m2 (10 kN/m2)! Moreover, the higher the
pressure in the barrel, the more massive the payload can be. Therefore, the impact condition dictates the maximum
admissible payload mass. In the image below the situation just prior to impact is shown (Landing 1).
When the dome comes very close to the ground, a large flow resistance will
arise between its rim and the ground, causing the impact to be tempered by a
sudden high-pressure gas cushion, possibly reducing the force of impact
considerably (then Vo can be higher, at no extra fuel needed!).
On impact, the dome “digs” into the ground and deforms in the process, while
the rocket engine is shut down automatically by the sudden increase of dome
pressure, unlocking the payload at the same time to move freely in the barrel.
This of course relieves the carrier of the payload mass, so the impact-force on
the dome becomes accordingly smaller. However, IF the pressure in the barrel
would become higher than the intended one, the back valve must be closed
forcedly, as otherwise the payload would get a higher than intended G-force,
moving down over a shorter than design stroke as well. The situation is shown
in the next image (Landing 2)
While the lander is now at rest, firmly
fixed to the ground, the payload moves
down by its own inertia, compressing the
gas volume under it, thus generating an
increasingly higher brake force, while
the counter working G-force increases to
a maximum at the end of the stroke.
Once in design position, the payload is
mechanically locked, while the pressure
under it is released to ambient. Now the
payload is at rest and the crew can say:
So far, so good, we are on Mars, but we may want to return to Earth also. For a journey
back to Earth, the barrel gets a real cause for its name; the barrel of a gun!
An impression of it is shown in the image to the right. During the vehicle’s path through
the barrel, the rocket engine will build up a high pressure in there, just as a bullet’s charge
does in the barrel of a regular gun. This should substantially reduce the otherwise needed
amount of fuel to reach planet orbit, where the vehicle will dock with a waiting orbiter
craft for the journey back to Earth (the barrel can be made longer for this purpose).
Naturally, the arising G-force on the crew is the delimiter for this action.
After departure, an empty barrel is left behind that never again can be used for space
travel, but it can be turned into a habitat, by closing the open end of the barrel with say an
inflatable cupola (supplied by a previous, non-returning mission), as shown in the image
on the next page. In case of a non-return mission, the payload stays in the barrel, thus
becoming a habitat then. This way we can build a base on Mars, without having to bring
separate habitats there.
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The illustration below is not the final thing I have in mind, but also a “smart” design for a non-return payload,
“expanding” into a larger habitat – I’m waiting for a (paid) assignment to work it further out (as well as other things).
However, this may not be motivated yet, because we are far from selfsufficient settlements on Mars, not only because of still to develop lifesupporting systems, but most of all because we do not have a sufficient
temperature control technology for the high-power applications that these
systems will be. All ‘used’ energy finally turns to heat and it has to be
cooled off at the same rate (power). The very cold, but also very thin
Martian air has at -50 ºC a 75 times lower heat conductivity than the 100
times denser air on Earth has at +20 ºC, which is the problem.
Nonetheless, provided water can be extracted from the Martian soil in
large enough quantities, rejection of warmed-up water may solve the
problem, shown schematically below, using a nuclear powered steam
generator (a large RTG could do, also providing some electricity from
thermo-couples) The Curiosity rover has found that the Martian soil
contains 2-3 m% ice particles; perhaps it can be more in other locations.

I also have a concept to convert “waste” heat into mechanical energy, based on the expansive power of wet and
saturated vapors, as firstly observed for steam, but never used commercially by James Watt (!), nor ever after him ..
Visit my engineering page to read more about it (and other interesting stuff – alternative engineering!).
On the next page, a screenshot of the Mathcad worksheet is shown, entered with a payload of 10 metric tons, at an
impact speed of 36 km/hr. The payload can have any higher mass, without affecting the dimensions and the dynamics
of the barrel, but the provision is a high enough pressure in the dome just before impact. For 10 tons it must be 10
times higher than Mars’ atmospheric pressure (the retro-rocket should be able to do that in the dome, if not more),
while at atmospheric pressure (lower we can’t get), the payload mass is 1000 kg. I assumed 4G to be the maximum
admissible for people to endure, though it is only during a few seconds.
(You can require the worksheet below for your own use from engineering@draaisma.net)
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