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Abstract

In an effort to obtain a precision landing for
Mars landers, it is important to use reaction aantr
system (RCS) jets in order to control the trajectoir
an entry vehicle traveling through atmospheric oagi
where aerodynamic control surfaces are ineffective.
Experimental work involving RCS interactions is
highly requisite in order to validate computationatie
and give greater physical understanding. In thigepa
a parametric study conducted to assist in gainig d
on the interactions of RCS is outlined. In this
parametric study, two models of the Mars Science
Lander (MSL) are placed in a wind tunnel at diffdre
Mach numbers at different angles of attack. Thevfl
field around the model is illuminated using a Tesid.

reaction control system (RCSRCS is utilized during
entry in less dense atmospheric conditions when
aerodynamic control surfaces have no effect. TGER
fires any combination of eight jets on the surfatéhe
backshell to create moments that allow for bankihg
the vehicle in guided descent. Although RCS have
been used on the Space Shuttle Orbiter and thedpol
spacecraft, in light of the Mars missions, RCS have
proven problematié® One of the current problems
with RCS though is the inability to understand dlyac
the contribution that the RCS makes to the movement
of the spacecraftFiring the RCS jet on the backshell
creates an adverse pressure deferential that ggtene
any positive pressure the jet is intended to create
which could possibly steer the aircraft more office.
Thus, a better understanding of RCS interactiogspla

Pictures were taken of the different setups and arean important role in the design of RCS on the MSL s
compared here to determine the robustness of thethat it can achieve its goal of precision landing.

model design under the different conditions. The
comparison is used to determine the model andset u
for the experiments that will be used in conjunetio
with PLIIF in order to gain better physical and
guantitative understanding of the RCS jet inteoanti
The pictures obtained show the interactions ofttine
shock off the model with the barrel shock created i
the free expansion jet.

Introduction

Precision landing for MSL is an important
step in preparation for manned missions to Mars.
Current Mars landers have a footprint on the oxfer
100’s of kilometers. However, with the MSL, plans
are to achieve a footprint of a radius 10 km within
target rangé. With that such capability, the

This paper outlines a parametric study
involving visualizations of the interactions betweae
bow shock off an MSL model and the barrel shock of
the wind tunnel, to determine the robustness of the
model design regarding size and test Mach number.

In future work, the model will be plumbed
with internal hardware to allow for an RCS jet dwe t
windward side at an angle of attack in order tcambt
qualitative (visualizations) and quantitative detathe
interactions between the RCS jet and the shocktheff
model. Quantitative data include velocity flowldis,
density flow fields which will then be used to obta
pressure and force measurements in order to
understand the moments and forces acting on the MSL
during RCS firing. The data will also be used date
computational code developed at NASA Langley
Research Center and the University of Michigan.e Th

contributions to science on Mars can be enhanced infurther study involving the plumbing of the MSL

looking at geographically interesting areas without
risking the safety of the missiénThis is critical in

regarding human space missions when larger space

crafts and the risk of human life will require evaore
accuracy in landings, called pinpoint landingdne of
the mechanisms that will allow for precision larglis
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model will utilize a method of measurement known as
Planar Laser Induced lodine Fluorescence (PLIIF).

In this paper, background for the usefulness
of the PLIIF method will be touched on briefly

followed by a brief overview of the entire research
effort. Following that, an explanation is giventog



set up of the lab for this current parametric stutig Parametric Study

design of the model and the methods used to obtain In this parametric study, in order to gain
visualizations for 2 and 1.5 cm models placed itMa  better understanding of the actual model set up, tw
10 and Mach 12 (also limited Mach 8) conditions at models of 1.5 cm and 2 cm were built. Due to gpati
both 0 and 20 degrees angles of attack. The sesult resolution as well as fidelity to the actual MSLsidm,
will be then given with an explanation and compammis  the larger model is preferable. However, due ® th
of the visualizations and discussion of best test freely expanding jet wind tunnel, in which the lbca

parameters for the final study. Mach number increases in distance from the orifice,
larger model can plug the flow for smaller Mach
Background numbers and can create bow shocks off the model tha
interact with the barrel shock of the wind tunreshd
PLIIF Measurement Method consequently the Mach stem. If this interactioouns,
PLIIF is a method developed and used at the then unwanted sub-sonic regions can occur around th
University of Virginia for the past twenty yeardn model which does sufficiently simulate entry
this method, flow is seeded with iodine particleA. conditions and is difficult to compare computatibna
narrowband transition line from a 514.5 nm argom io code to. As a result, of the model size complicadi
laser is collimated into a laser sheet throughfitne. different Mach numbers were also compared. For

The iodine particles fluoresce and images are takencomputational and experimental purposes, higher
with a CCD camera at different points that allow do Mach numbers for RCS are desired. However, again
two-dimensional resolution of the flow. From the to better understand how robust the model is ard th
images, qualitative understanding of the flow ca&n b possible interactions between the shocks and trehMa
obtained. Furthermore, at each point in the flow, stem, it is necessary to examine the model in timel w
guantitative data can be obtained and evaluated totunnel both faster and slower than the desired Mdch
obtain velocity, density measurements for the flow flow condition. Further, for computational puges
field.> " Due to its ability to obtain both qualitative and it is important to take measurements both at the tr
guantitative  results; this method is highly angle of attack as well as the zero degree angle of
advantageous  particularly in  gaining better attack. Overall, this parametric study which exaesi
understanding about the interactions in physically model size, Mach number and angle of attack for
complex interactions. [more sources here] future interaction studies, will be used to detewenthe
overall robustness of the model.

Overview
In the overall research, the parametric study Experimental Set Up:
discussed here will be used to determine a bestlsiz
model for the analysis of RCS interactions in a The wind tunnel for the experiment is a low

hypersonic low density, low temperature wind tunnel density, low temperature wind tunnel using a freely
The model used is designed after the Mars Scienceexpanding jet through an orifite Based on Ashkenas
Lander, which will be launched in 2009. From the and Sherman’s work which details the Mach number
parametric study, a model will be chosen for use in conditions and the length based upon the ratichef t
gaining better understanding of the RCS interastion inlet pressure to the back pressure in the vacuessel,
The chosen model will be put in the free expangégtg  distances for the interested Mach numbers were
wind tunnel and, using PLIIF, will obtain qualitei calculated. The equation used is as follows inctvhi
pictures of the shock interactions on the MSL model gamma is 1.40, A is 3.65 ang/R is 0.075 for nitrogen
with the RCS jet both on and off. Furthermore, conditions:

quantitative results will be obtained to gain aoeétly M = A(HO )y—l 4 (y+1) A(X_X° )V—l

profile of the flow field as well as density prefil - D 2\p1 D @)
which will be used to gain better understandindghef Results for Mach 8, 10, and 12 and their correspand
pressures and force moments acting on the back sheldistances from the orifice plate to the leadingeed§

of the RCS when it is firing. The data obtaineainir the model are shown in Table 1 below:

both the qualitative and quantitative data will be

compared to CFD models developed at the University Table 1: Mach number and corresponding distance

of Michigan by lain Boy and his students. The data from the orifice plate (to leading edge of model)

will be used for CFD code validation at NASA- | Mach Number Distance (mm)
Langley as well in order to better understand the 8 16.67
interactions. 10 27.50

12 42.03
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A vacuum for the wind tunnel vessel is pulled byeth T
pumps — a Stokes MicroVac Pump, a Roots Rotary|
Vane Booster Pump, and a Roots Rotary Vane High
Pressure Pump - to achieve back pressures around 28
mTorr at a total pressure of 1.8 4tf

Visualizations are obtained using an Electro-
Technic High Frequency generator which uses a high
voltage and small current to ionize the air aroimthe
wind tunnel chamber, causing the flow to become a
deep pink purple color. The ionized air allows for
visualization of the bow shock off the model
interacting with the barrel shock. Pictures of the
interactions were taken using a digital camera at
different exposures.

Results and Discussion: Figure 1: Mach 8, 1.5 cm model, 20°

Images for Mach 8, 10 and 12 for the smaller [© [——
model set at a twenty degree angle of attack arensh 3

in Figures 1 through 3. It is important to note floe
images that the three dimensional shock interastion
illuminated by the Tesla coil are captured in a two
dimensional image by the digital camera. Thus, the
images are not planar spatially resolved. Howeiver,
examining the bow shock off the model and the
outermost shock line from the barrel shock, one can
make comparisons for the smaller model with respect
to the different Mach numbers.

For all three images, the shape of the barrel
shock remains mostly constant, with the shock
expanding outward from the nozzle and curving
around the model. The Mach stem also occurs in
mostly the same location for all three Mach numbers
Thus the shock of most interest in these imagéeleis
bow shock off the leading edge of the model. & th Figure 2: Mach 10, 1.5 cm model, 20°
Mach 8 set up, the barrel shock on the lee sidief
model comes off at just a slight angle. This angle E —
increases with Mach number. Thus the barrel shock
and bow shock interact much further away from the
nozzle with increasing Mach number. The lee ward
side of the model though, while valuable to notéd| w
not be of primary interest in the experiment.

For the windward side of the model, which is
of great interest, for Mach 8 set up, the shock evav
curves out from the model before bending back tdwar
the model and interacting with the barrel shock
somewhere along the Mach stem. For the Mach 8 setf
up, the shock appears to interact around the tpipiet
located on the Mach stem. W.ith increasing Mach
number, the shock wave does not extend as far out
from the model before bending around the model.
Furthermore, the barrel shock, bow shock interactio
occurs along the Mach stem but further inward, away
from the triple point.

Figure 3: Mach 12, 1.5 cm model, 20°
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Images for the smaller model at Mach 8, 10
and 12 at zero degree angle of attack are shown in
Figures 6 through 8. These interactions behavehmuc
as expected for a bow shock off the model, with the
bow shock bending more around the model at higher
speeds. For increasing Mach numbers as well,dle b
shock/barrel shock interaction occurs further
downstream. The Mach stem for the barrel shocls doe
not become apparent until at higher speeds of M&ch

Images for the larger model at speeds of
Mach 10 and 12 as measured from the model’s leading
edge at a twenty degree angle of attack are shown i
Figures 4 and 5.

Figure 6: Mach 8, 1.5 cm model, 0°

Figure 4: Mach 10, 2 cm model, 20°
[T

Figure 7: Mach 10, 1.5 cm model, 0°

Figure 5: Mach 12, 2 cm model, 20°

For the larger model, the shock waves exhibit
the same characteristic behavior as shown with the
smaller model. For increasing Mach numbers, oh bot
sides of the model, the shock wave extends lesa fro

Figure 8: Mach 12, 1.5 cm model, 0°
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the model before curving down toward the modele Th For the zero degree angle of attack, the bow
bow shock, barrel shock interaction again occurs shock behaves as expected around the model. With
somewhere along the Mach stem. It is important to increasing speed, the bow shock more closely falow
note, however, that because of the larger sizehef t the shape of the model as was seen before with the
model, the Mach 10 bow shock looks much like the smaller model. However, there are also differences
Mach 8 bow shock off the smaller model. This would between the model size and bow shocks. With the
indicate another variable — that with a larger moithe larger model, although the shape of the bow shock
bow shock does not bend around the model as muchlooks very similar for both the larger and the deral
This larger model draws the bow shock/barrel shock model, the bow shock/barrel shock interaction i
interaction closer to the Mach stem. Problems in larger model occurs upstream of interaction seen fo
experimentation can occur if the bow shock stieks t the smaller model. This moving upstream of the IMac
the triple point on the Mach stem so that the bback stem can be perceived as a potential problem \wih t

is not simply influenced by the model but by therba Mach stem occurring much sooner and thus creating
shock as well. This would create an un-realistic subsonic regions that can affect the bow shock

picture of the interactions that exist in free flfav the interactions. For purposes in studying the intioas
Mars Science Lander since such interactions caatere in order to gain better physical understanding \iliti
unnatural regions of subsonic flow. RCS, this could have a noticeable affect.

Images for the Mach 10 and 12 conditions for In order to better understand the RCS
the 2 cm model at zero degree angle of attack areinteractions, it is important to have the bow shotk
shown in Figures 9 and 10. the model represent physical reality as much as

possible. Thus, it is important for the bow shiozlbe

E— affected as little as possible by the barrel shotk.
light of this, a more conservative approach of gshe
smaller 1.5 model would be advisable. However, as
long as the experimentation is completed at higher
Mach numbers, at an angle of twenty degrees arfgle o
attack, the larger model should be adequate. Shee
larger model will give better resolution for the C
interaction and gives greater fidelity to the at&L,

this larger model is desired for the experiments to
examine RCS interactions.

Conclusion

In this paper, a parametric study was
completed to determine model size that will be used

Figure 9: Mach 10, 2 cm model, 0° the investigation of RCS interactions. The
understanding of these interactions is important in
—— validating computational code as well as givingagee

physical understanding of the phenomena that the MS
will experience during entry into the Martian
atmosphere. After examining the images obtained fo
two model sizes at two angles of attack each atdwo
three Mach numbers, one can conclude that therlarge
model will be adequate for the purposes of the
experiment, considering that results for the maatel
Mach 10 is of greatest interest. The larger modg|

be plumbed with an RCS and will be used with a PLII
method of experimentation to obtain qualitative and
guantitative results for the RCS interactions.
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Figure 10: Mach 12, 2 cm model, 0°
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