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Introduction

The Mars Phoenix lander [1] successfully landed in the
northern region of Mars on May 25, 2008 beginning
its mission. One of the payloads on the lander was
the Canadian meteorological station which consists of a
Lidar [2], a pressure sensor, three temperature sensof
mounted at different elevations along a mast and a veloc
ity sensor mounted on top of the mast [3]. The purpose
of these sensors are to measure representative values |
the nearby environment. The temperature, velocity, and
pressure sensors used are intrusive instruments subject t
measurement uncertainties. Itis expected that, under cer:
tain conditions, the lander and instruments will affect the
readings near the sensors. Experimental quantification
of these effects is difficult, due to the extreme Martian
environmental conditions (CQOgas at a temperature of
200 K and a pressure 800 Pa in a gravitational field of
3.7 m/s%) [4, 5]. For this reason, CFD is the only viable
tool for analysis.

Momentum Transfer Figure 1: Contour plots of the non-dimensional velocity
magnitude in various planes far= 0°.
Two main factors affect the momentum transfer around
the lander: the magnitude of the freestream velocity at
top mast height{/.,, and its direction angle.. In the
current series of simulations, these variables were varied
in the range).1 < U, < 25.0 m/s and0® < a < 360°.
Figures 1 and 2 show sample results from the study
where the lander’'s geometry plays a crucial role. Data
here is shown in non-dimensional terms where=
u/Us andy = y/yrc1 = 4y with y counting from
the deck surface.

The major sources of momentum deficit (shown
in Figure 1), which could influenced the temperature
sensors through reduced convection, were found to be
caused from the individual instruments on deck. Other
minor sources, include the solar panel supports and to o 50 100 150 200 250 300 350
some extent the wake produced from the body of the lan- ¢
der itself. The deficit on the temperature sensors themFigure 2: Graph showing the effeston 4 at the three
selves is shown in Figure 2 as a function of the wind’stemperature sensors ok, = m/s.
direction. Here, two groups of angles near= 55°
anda = 340° are found to cause a significant decrease
in the momentum at the lower thermocouple. The twoata = 50° when the wake of the SSI camera is aligned
grouping are caused by the alignment of mast with thewith the mast.
instruments on each side of the lander. At the highest
thermocouple one source of momentum deficit is found
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Heat Transfer

For the simulations involving deck and instrument heat-
ing, the wind direction was kept in the rangd5° <

a < 0°, i.e. coming from North, in which the temper-
ature sensors are in the wake of the TEGA instrument |
grouping. A range of deck heating and wind magnitudes
were then simulated with sample results shown in Fig- |
ures 3 and 4 where the results are presented in terms o
a non-dimensional temperature differen®e defined as

O =T —Tx)/(Thot — To). The effect of varying the
wind’s magnitude plays an important role, as exempli-
fied in Figure 3, where, for simplicity, only the TEGA Figure 4: Non-dimensional temperature contours show-
instrument was heated. ing how the heated deck surface affects the lowest ther-

mocouple fol/,, = 2.5 m/s andl},,; — T, = 18 K.

@ Uso = 0.25m/s Uso = 1.0m/s Results

Results from simulations show that, under certain condi-
tions, the heat produced by lander can influence the tem-
perature sensors by approximately 10% of the temper-
ature difference between the deck and the environment,
Thot — Tno. The results also underline the need for con-
tinuous velocity measurements during missions, so that
Figure 3: Contour plots of the non-dimensional temper-these potential errors can be detected and corrected.
ature difference®, showing the effect of varying the
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