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Introduction: Recent studies of Mars provide evidence for water, not only in its distant past, but at present as well. To gain a better understanding, it is of interest to simulate water in its various forms on the Martian surface using the Andromeda Chamber. In particular, we wish to determine an evaporation rate for water ice at standard Martian surface conditions, 0ºC, a CO2 atmosphere and 7 mbar surface pressure. Ingersoll [1] proposed a thermal convection analogy be applied to evaporation of water on Mars. His estimates paved the way for future studies [2], [3]. Farmer [2] took this one step further and modeled evaporation rates under a layer of soil. He found that soil has the ability to trap heat, which has implications for the melting of ice into liquid water. In addition, soil decreases diffusion of water vapor into the atmosphere, suppressing evaporation rates.  

A slower evaporation rate means a longer lifetime for the water, and under ideal circumstances on the surface of Mars, this lifetime can be extended to the point where the water may melt.  The project for the summer was to put these theories of evaporation rates to test.

Experimental: The sample was prepared by freezing 1 cm water in a 100-mL graduated cylinder. A thermocouple was placed on the surface of the ice. JSC Mars-1 Martian simulation soil was mixed to homogeneity and poured on top of the ice and thermocouple at depths varying from 0, 0.25, 0.5, 1, 2.5 and 5 cm.  The chamber was evacuated of clean of air, filled with dry CO2 gas, and chilled to 0°C using a methanol-dry ice cooling system. The sample was then lowered into the chamber and pumped down to 5.25 torr (7 mbar), Martian surface pressure. Many variables were recorded, including mass, atmospheric pressure, water vapor pressure, and temperatures of sample, chamber atmosphere and walls, all as a function of time. Mass was plotted 
 versus time, and a second order polynomial curve was fit to the data. Taking the derivative of the best-fit curve gave an evaporation rate in g/min, which was converted to mm/hr. This equation is set to time equal zero to determine initial rate of mass loss with no water vapor present in the atmosphere.

Results: In total, 40 experiments were run with varying soil depths. At least 5 repetitions were performed at each soil depth.  Figure 1 shows the average and standard deviation at each depth, with a second-order best-fit curve. With no soil the evaporation rate was measured to be 0.415±0.078 mm/hr. At 2.5 cm soil thickness the rate dropped to 0.168±0.073 mm/h, and by 5 cm the rate was 0.141±0.099 mm/hr, both markedly lower than without soil.  Farmer’s equation for evaporation rates as dependant on soil depth, as discussed below, is plotted as squares with Deff = 110 cm2/s, and using the values for sample temperature and water vapor saturation pressure obtained in the experiments.

Fig. 1. Evaporation rate of ice with varying soil depths as determined in a planetary simulation chamber under Mars surface conditions. Circles show experimental data fit with a second-order polynomial curve, while the squares represent theorized evaporation rates. 

Discussion: The key point of determining the evaporation rate of ice on the surface of Mars is to learn more about its cycle through the three phases of liquid, ice and vapor. Revealing the equilibrium dynamics of the system is part of the solution to life on Mars. 

Evaporation rates are controlled by many factors. These include the water vapor partial pressure just above the surface, the atmospheric composition and pressure surrounding the sample, its temperature, and planetary gravitational acceleration.
The theoretical calculation developed by Farmer for the rate of evaporation of ice covered with soil is
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where Deff is the effective diffusion coefficient of the soil, dependant on pore and grain sizes; Psat is the saturation water vapor pressure, dependant on the sample temperature T; k is Boltzmann constant; and l is soil depth in cm.  
This equation was used to predict evaporation rates at different soil depths. Mass was recorded over time and converted into an evaporation rate. Since the diffusion coefficient for Martian soil is essentially unknown, there is a wide range of values that can be used. For the purposes of this project, a median value of 110 cm2/s is used, as it gives the closest fit to the data. A procedure to determine the actual value of JSC Mars-1 is currently being sought. 

The implications for such a slowed evaporation rate are far reaching.  With no soil, the evaporation rate is 0.415 mm/hr, which equates to 1 cm of ice lasting approximately 1 sol (24.1 hours). At 5 cm depth and at 0.141 mm/hr, 1 cm ice would last 71 hours or 3 days. This is longer than the diurnal warming and cooling cycle, implying that at the right locations where frost could form at night, ice might exist permanently at the surface. It also could exist as liquid water for some period of time. 

One difficulty that arose throughout the experiments was controlling the ice and soil temperature. To ensure that the water remained solid, the freezer had to be kept around –10ºC, which resulted in varied sample temperatures. Although the soil was also kept in the freezer to ensure equal values for the soil and ice temperatures when added together, some experiments had a warmer soil added.  The chamber atmosphere was kept very close to 0ºC throughout the length of the experiment, but the sample temperature generally gradually warmed during the hour duration. All of the above mentioned issues are the cause of the large error bars when calculating the average evaporation rate for a specific soil depth.  In the case of 0.5cm soil, a well-correlated trend was established for temperature versus evaporation rate, from which a value and standard deviation were taken for –3.9ºC and was plotted with the rest of the data.  

The predicted evaporation rate trend has a steeper drop between 0 and 1 cm than that of 2 cm of soil and greater, unlike the reported data which follows a straighter curve. The decrease in evaporation rate experienced with the addition of soil was not as significant as Farmer’s equation predicted. This could be due to an error in the diffusion coefficient value, which is unknown.  Also, evaporation rates are being measured in simulated Martian conditions. These are replicated as best as possible, but are still in Earth’s gravitational field. This would cause evaporation rates to be artificially higher than they would actually be on Mars.  The values reported here are for Earth’s gravity; to get the Martian evaporation rate, one would multiply the values recorded from the chamber by 0.726. The evaporation rate on Mars would be slower because of the lower gravity, which affects buoyancy and the atmosphere.

Future experiments include continuing to add soil to the ice at differing thickness and obtain a more comprehensive trend of evaporation rates with increasing soil depths. Once a reliable curve is determined relating evaporation rate as a function of soil depth, the next step will be to determine if the water is surviving at a rate which would allow for it to melt. This will be established by placing a copper wire at the interface between the ice and soil. If the ice melts, the resistance will drop markedly since water is conductive, unlike ice. Preliminary research indicates that this is a likely occurrence. 

Conclusions: This project was designed to ascertain the affect varying depths of soil would have on the evaporation rate of water ice in a simulated Martian environment. The evaporation rate declines considerably from 0.415 mm/hr with no soil to 0.141 mm/hr with a 5 cm layer covering it. This trend supports the hypothesis put forth by Farmer that ice can exist longer once covered with a layer of soil.  
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