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Much investigation into martian aeolian processes has necessarily been conducted in 
regional frameworks imposed by orbital spacecraft data sets, although local wind velocity data 
have been returned from two surface locations by Viking Lander spacecraft [1,2,3]. The 
difficulty in integrating the Lander meteorological data sets into investigations of martian aeolian 
processes stems from wind velocity being measured at only the single -1.6 m elevation of each 
Lander's meteorolgy boom. Without velocities measured simultaneoulsly at a second elevation, 
or knowledge of z, for the surface surrounding each Lander, an infinite number of wind profiles 
can be fit through each wind velocity data point. This wind profile ambiguity is unfortunate, 
because the Viking Lander sites are the only locations capable of providing "ground-truth" for 
regional investigations of martian aeolian processes carried out with orbital data sets. 
Determination of z, for the Viking Lander sites might eventually be accomplished by a sufficiently 
sophisticated scale model simulation in a wind tunnel. As a first step toward this goal, the current 
study was undertaken to determine how well scale models in wind tunnels can predict full-scale 
field values of z,. This study consists of: (1) a field experirnnent measuring z, over a variey of 
surfaces of known, controlled geometry; (2) a wind tunnel scale model simulation of the field 
study, measuring scaled values of z,; (3) a comparison between the results of the field and wind 
tunnel studies, with an evaluation of the ability of the wind tunnel to predict full-scale field results. 

The main requirement of the field experiment for this study is that its surface geometry 
should be sufficiently controlled to be accurately modelled in the wind tunnel. All surface 
roughnesses sampled in this study consist of arrays of cylinders (overturned 12-qt. buckets) 
placed on a smooth plane (the playa of Lucerne Dry Lake, CA). Wind profiles were measured 
over three roughness arrays with roughness element densities of ,098 m-2 (array I), ,391 m-2 
(array 2), and 1.563 m-2 (array 3). Wind profiles were plotted for each thermally neutral period 
and internal boundary layers characteristic of each roughness array were identified. Values of z, 
for each array, obtained by applying a least-squares fit to the internal boundary layer profiles, 
were found to increase with increasing roughness element density. 

Wind profiles were measured in the wind tunnel with a 60 cm 30-port pitot-tube "rake." 
The bare playa was simulated in the wind tunnel with smooth masonite flooring. The overturned 
buckets of arrays 1, 2, and 3 were simulated at 1/10 and 1/20 scales by dowel cylinders cut to 
appropriate lengths. The matrix of experimental runs was as follows: 2 scales (1110 and 1/20) x 3 
arrays x 5 freestream velocities x 3 trials each = 120 runs. The data were reduced in a nearly 
identical manner to the field data reduction. 

A comparison between the wind tunnel values for z, over each array (multiplied by the 
inverses of their scales) and the measured field values is presented in Figure 1. Wind tunnel z, 
values for each array at each scale are averages of five freestream runs. The results lie in a straight 
line but do not suggest a 1:l correspondence. A least-squares regression yields 

At the Viking Lander sites on Mars calculations of U* (the wind friction speed) must rely 
on only a single velocity measurement at a height of 1.6 m, and a knowledge of z,. The ability of 
equation (1) to predict accurate values of U* in these circumstances is evaluated in Table 1. Row 
4 represents z, values predicted for each array by the wind tunnel scale models and equation (1). 
The agreement between the wind tunnel predictions and the actual filed values of z, (row 1) is 
very consistent, indicating that equation (1) is a good description of the wind tunnel vs. field 
correspondence. Row 5 represents U* values for each array predicted by the wind tunnel results, 
equation (I) ,  and the single velocity measured at 1.45 m. Agreement between measured field 
values of U*, and U* values calculated using z, predicted by wind tunnel scale models, equation 
(1) and the single velocity at z = 1.45 m is excellent. Average error is 0.9%. If similar 
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comparisons are made assuming a simple 1:l correspondence (Table 1, rows 6-7), errors for 
predicted U* values are larger, averaging 17.9%. 

Figurc 1. Corrcladons of z,. Full-scalc 
field values of z, plottcd against wind 
tunncl scalc model prcdictions of 2,. Scale 
model predictions of z, arc ob1ainc.d by 
multiplying wind tunnel valucs of z, for 
each array by thc invcrsc of ils scalc (10 or 

+ Zo 111 0 pred 20). 
0 Zo lRO pred 

Zo Lucerne 

TABLE 1. Predictions of zo and U* values. 

1 zo (m) field values .000775 .003 13 .0168 

3 U* (m/sec) calculalcd with .400 .646 1.021 
ancm. 7 height, spced, and 
row 1 zo 

4 zo (m) predicted by: equation (1) .000776 .00323 .0155 
applied to wind tunnel results 

5 U* (m/sec) calculated with predicted .400 ,649 1.003 
zo (row 4). anem. 7 height, speed 

5E U* Error 0.5% 0.5% 1.8% 
(average error = 0.9%) 

6 zo (m) predicted by: a 1:l corres- .000574 ,00521 .059 
pondence applied to wind tunnel 
results 

7 U* calculated with predicted ,384 .704 1.422 
(row 6), anem. 7 height, speed 

7 E  U* Error 4.5% 8.6% 40.7% 
(average error = 17.9%) 
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