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1. Introduction:  The generation of waves by 

winds across Earth’s water oceans is a topic of endur-
ing fascination. However, the physics of the problem 
are rather forbidding) e.g. [1,2] and thus the relation-
ships between real-world windspeed  and sea state tend 
to be empirical. Such empirical relations are of limited 
utility in environments where the physical parameters 
are different, such as the surfaces of other planets. 
These environments have only recently come to 
oceanographers’ attention, with the discovery of an-
cient shorelines and lakes on Mars (e.g. [3,4]), and the 
prospects for and recent evidence of  lakes and seas of 
liquid hydrocarbons on Saturn’s moon Titan (e.g. 
[5,6]). 

The previous theoretical studies (e.g.[7]) have 
modified empirical terrestrial wave-growth models 
with a correction factor to account for the lower grav-
ity. However, it is expected theoretically that the en-
ergy transfer term must also include the air:sea density 
ratio. Because of the rather restricted range of fluid 
properties of interest to terrestrial oceanographers (sea-
level air, water) this energy transfer term has not been 
studied extensively for other fluid parameters. 

 We are aware of only one other published experi-
mental wind-water tunnelstudy where the fluid pa-
rameters have been varied [8]. This used artificially-
generated mm-scale waves at 3.8-7.6 Hz  in water, 
glycerol solutions (higher viscosity) and surfactant 
solutions (lower surface tension). Lower viscosity so-
lutions had higher wave growth rates : surprisingly, 
higher surface tension led to more rapid wave growth. 
The liquid density was not appreciably varied, and 1 
bar air was used throughout.  

 
2. Experiments We used the MARSWIT (Mars 

Wind Tunnel)  operated by ASU at NASA Ames. A 
fiberglass tray (5 cm x 120 cm x 75 cm) was installed 
in the tunnel, with a ~1:5 ramp to prevent strong flow 
separation. The tray was filled to a depth of about 4cm.  
Sensors were clamped to the tray itself or held by a 
steel and aluminium frame just above the water level 
(figure 1). A towel was draped on the water surface at 
the downwind end of the tray to act as a damper to 
suppress wave reflection.  

Position-sensitive infrared (IR)  reflection sensors 
(Sharp GP12D02) and ultrasonic rangers (Devantech 
DF-04) used in mobile robotics were used as water 
level sensors. The tray was observed with a video 
camera, whose output could be viewed on a monitor 
and recorded on VHS tape. 

 

Figure 1 : tray and sensor installation with waves for 
8m/s windspeed. 

  
A data acquisition system was set up in the tunnel. 

using a Netmedia X-24 microcontroller to strobe 
transmit pulses to the sonars and measure the echo 
time, and to perform 10-bit analog-to-digital conver-
sion on the level and pressure sensors: data were 
streamed at 19200 baud along a coax to a laptop in the 
control room. Sensor calibration was performed by 
incrementally filling the tray to different levels 

 
3. Results. The wind tunnel was operated at 1 bar 

with experimenters present. At the lowest speed (4 
m/s) only very weak shimmering of the water surface 
was noticed. By about 8 m/s a consistent wave pattern 
formed, which grew appreciably towards the maxi-
mum speed of 11 m/s. The sensors yielded good wave 
amplitude data (figure 2 : although the IR data re-
quired correction for wave shape) but sampling was 
too slow to characterize the wave shape. 
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Figure 2. Sensor output. IR data over-reports 

waveheight due to slope effects - subsequently cor-
rected to agree with the sonar. 

 
It was immediately apparent from video records, as 

well as casual inspection of the data, that wave genera-
tion was considerably weaker for pressures below 1 
bar.  The key results are summarized in figure 3.  

 

 
Figure 3. Wave height as a function of pressure for 

different windspeeds. Wave generation is essentially 
zero at pressures below 400 mbar.  

 
The highly nonlinear dependence of waveheight on 

surface pressure for a fixed windspeed is rather strik-
ing. Particularly notable is that wave height was insig-
nificant compared with measurement noise for all 
windspeeds at pressures below about 400 mbar.  

 
5. Wave Generation in Nonaqueous Fluids. A 

test run was performed with the ambient atmosphere, 
but with a nonaqueous liquid - kerosene. This fluid 
was chosen for its physical properties [density ~750 
kgm-3 (0.75); viscosity 2.5x10-4 Pa-s (0.25) and surface 
tension 28 Nm-1 (0.3), where the numbers in parenthe-

sis indicate the ratio of those properties with respect to 
the values for water] comparable with the lighter hy-
drocarbons likely to form lakes and seas on Titan.  

It was observed that the waves formed in kerosene 
for a given wind speed were larger than those formed 
in water. It cannot be determined from this single ex-
periment whether this is more due to the lower density 
or the lower surface tension. 

 
6. Conclusions and Future Work Extending the 

observed dependence of wave height on pressure to 
larger-scale gravity waves, one might expect wave 
generation under plausible Martian atmospheres to be 
inefficient, and thus shorelines not to be strongly 
wave-cut. This appears to be consistent with some 
observations (e.g. [9]) although other factors such as 
ice cover on Martian seas could also be responsible.   
A further corollary is that wave-growth on Titan 
should be more efficient on Titan, and thus that previ-
ous predictions of waveheight for a given windspeed 
may be low. 

These preliminary experiments indicate a qualita-
tively surprising sensitivity of wave growth to atmos-
pheric density, and a significant influence of liquid 
properties. A more systematic evaluation of the wave 
growth under various parameters is advocated.  

 
References: [1] Jeffreys, H., On the Formation of 

Water Waves by Wind, Proc. Roy. Soc. A. 107, p.189 
(1925) [2] Lamb, H., Hydrodynamics Dover, New 
York, 1932 [3] Parker, T J., R. S. Saunders, D. M. & 
Schneeberger, Icarus  82, p.111. (1989) [4] Head, J. 
W., III et al,  GRL, 25, p4401 (1998) [5] Lorenz R. D., 
Science, 302, p.403 (2003) (10.1126/science.1090464) 
[6] Lorenz R D. et al, EOS, Vol.84,  p.125 (2003) [7] 
Ghafoor, N., et al. JGR, 105(E5): p. 12077  (2000) [8] 
Gottifredi, J. C. and G. J. Jameson, Proc. Roy. Soc. A, 
319, p.373, 1970 [9] Malin, M. C.; Edgett, K. S. GRL, 
26, p.3049  (1999) 

 
Acknowledgements:  MARSWIT is operated by 

the ASU Dept. of Geological Sciences at NASA Ames 
Research Center in Moffett Field, California with sup-
port from the NASA Planetary Geology and Geophys-
ics Program. RL acknowledges support of the Cassini 
project. EK is supported by a NASA Graduate Student 
Research Program award. The authors thank Erik As-
phaug, Jeff Moore and Steve Saunders for encouraging 
these preliminary experiments. 

Lunar and Planetary Science XXXV (2004) 1038.pdf


