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Introduction: Any mission to Mars must always 

contend with the limitations on power production 
placed upon it by mission design or location on the 
planet. For future possible missions to the polar re-
gions of Mars standard power sources will be unfit for 
the task. Solar cells will have limited or no sunlight for 
roughly half the year and the heat expunged by 
MMRTGs (or similar) would be detrimental to any 
science performed in a polar region.  

A different possible power source would be a wind 
turbine along with a battery for storing produced elec-
tricity, potentially in combination with solar cells. The 
concept of a Martian wind turbine has been explored 
theoretically in connection with manned missions to 
Mars [1,2,3,4], and along the same lines, a 100 kW 
wind turbine was designed and tested in Antarctica, a 
general Mars analog site, by NASA AMES [5]. How-
ever all the above considered large (> 5m radius) and 
heavy (> 100 kg) wind turbines which would need 
wind speeds of the order of several 10s m/s. These 
sizes and masses are unfeasible for the power supply 
for a science missions to Mars, which are generally 
much smaller and lightweight. Also, typical wind 
speeds on Mars are closer to the 2-10 m/s range [6, 7], 
making these large wind turbines useless most of the 
time.  

This paper introduces the first experimental 
demonstration of a small, light-weight wind turbine 
under simulated current Martian atmospheric condi-
tions. The objective of the wind turbine was to see how 
much power is produced under realistic Martian at-
mospheric conditions. 
 

Experimental setup and runs: The experiments 
were conducted in the Aarhus Wind Tunnel Simulator 
II at Aarhus University, Denmark [8] in the fall of 
2010.  

To simulate a Martian atmospheric environment in 
the wind tunnel, one wants to duplicate the atmospher-
ic density from Mars. Using the ideal gas law, assum-
ing equal atmospheric densities, we can write: PEarth = 
PMars  (MMars/MEarth)  (TEarth/TMars), where P is pres-
sure, T is temperature and M is molar mass of the re-
spective atmosphere. For the Martian atmosphere 
MMars = 44.01 g/mol and, for Phoenix lander condi-
tions, TMars = 203 K and PMars = 7.5 mbar. For Earth 
MEarth = 28.96 g/mol. The lab (and the wind tunnel) 

was at room temperature, TEarth = 293 K. This results in 
a desired atmospheric pressure inside the wind tunnel 
of 1640 Pa. Although it is possible to lower the tem-
perature in the wind tunnel, input dust and have a CO2 
atmosphere, none of these were utilized as it was be-
yond the scope of this experiment.  
 

 
Figure 1: (left) The wind turbine positioned in the 
wind tunnel, which is 2 m in diameter. (right) Close-up 
of the wind turbine, with the wind tunnel fan visible in 
the background.  
 

 
Figure 2: Close-up of the wind turbine central parts 
showing wing and motor connections. 

 
The wind turbine consisted of 6 wings attached to a 

generator (a 5V DC motor) and suspended on a test 
stand. Each wing was a 6 by 18 cm piece of parchment 
paper kept taut by straws on the back and attached to a 
thin wooden. The wings were angled at 45° and con-
nected to each other using LEGO Technic pins and 
angle connectors, and to the larger gear via an axle (see 
Fig. 2). Another axle and smaller gear was used to 
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connect the wings to the generator. The connected 
wings has a weight of 24.7 g and the generator 
weighed 80.7 g, putting the entire wind turbine at a 
total weight of 105 g. The generator wiring was run 
through the wind tunnel flanges to an outside circuit 
containing the resistor (either 1 or 10 Ω).   

The experiment was run at 6 different wind speeds 
(as seen in Table 1), which were chosen based on (a) 
the most common wind speeds at the Phoenix landing 
site in the northern polar regions of Mars (~ 2 - 6 m/s) 
[7], (b) the minimum wind speed needed to make the 
wind turbine rotate and (c) the maximum wind speed 
the wings could withstand. For each wind speed the 
output voltage was measured for 30-120 s. 

 
Results: The experiment was run a total of three 

times with different combinations of resistance (R) and 
generators (small motors). The initial run used a too 
small generator for the wind turbine, and highlighted 
some unevenness in the design which was corrected 
for later runs. The two other runs used the generator 
imaged in Fig. 2, and a resistance of 1 or 10 Ω, respec-
tively. Fig. 3 shows the test results for the 10 Ω run, 
which generated the highest amount of voltage. The 1 
Ω run looks similar, but with maximum output voltag-
es of 0.035 V. Each “step” corresponds to a new wind 
speed.  

 

 
Figure 3: Output voltage as a function of time from the 
wind turbine in the case of the 10 Ω experiment. The 
data in Table 1 for this experiment are calculated from 
the red data in the plot. 
 

Power produced for each wind speed was calculat-
ed from voltage, where P = U2/R (combining Ohm’s 
and Joule’s laws). The average voltage per time period 
per wind speed (red data of Fig. 3) was calculated as 
the integral over time for the indicated time periods (in 
essence, the area under the curve using trapezoidal 

sums). The average produced power vs wind speed for 
both runs is shown in Table 1. 

 

v [m/s] 
Average power produced [mW] 

with 1 Ω with 10 Ω 
4.41 0.086 0.576 
5.00 0.215 1.059 
5.59 0.382 1.633 
6.17 0.547 2.389 
6.76 0.793 3.265 
7.34 1.077 4.473 

Table 1: Average power produced for the specified  
wind speeds for the two experimental runs.   

 
Discussion: This simple experiment has shown that 

power production by a wind turbine under current 
Martian atmospheric conditions, more specifically, at 
wind speeds which are regularly seen at the Martian 
surface, is indeed possible. The optimal locations for 
this type of power production are areas where the Sun 
doesn’t always shine, but winds will blow, such as 
latitudes poleward of the polar circles.   

The output is in the few mW range, which can be 
put in relation to the maximum power output expected 
[2]: P = ½   Asw v3, where  is turbine efficiency,  
is atmospheric density, Asw is swept area of the turbine, 
and v is wind speed. The maximum efficiency is 16/27 
as given by Betz’ law. For the wind turbine used in this 
experiment the produced power is roughly 0.5-1% of 
the maximal possible produced, highlighting the ineffi-
ciency of the design.  

There are certainly a suite of studies to be conduct-
ed before sending wind turbines to Mars, however 
most designs (singular or part of a system) will be 
more efficient than this experiment, and thus should 
lead to power production in a range that is able to sup-
port some or all instrumentation on a small lander 
(Pathfinder sized or less). For now, we can say for the 
first time and with certainty, that, YES, you can use 
wind power on Mars! 
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