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Abstract

Based on our observations from last year, we 8#l the 23 second period of
microgravity onboard the C-9B to obtain quantitatdata describing the rate of fluid
progression due to capillary action for two differgiscous fluids each traversing a set of
four different contact angles. We have alreadgistlithe dynamic flow induced by
capillary action, and we will use that knowledgdtasbasis for this experiment to
calculate the volumetric flow rate of water versusater/glycerin mix. We will be able
to measure the fluids' average velocity and avevagenetric flow rate with an
improved experimental setup and the knowledge etHpillary action's rate of fluid
progression, which depends on the specific geonoétitye fluid-surface contact angle.
This research has applications in many fields iidg fluid containment in microgravity
such as fuel transport, storage, and pooling ihtarks.



1. Technical

1. Introduction

1.1 What is capillary action?

Capillary action is the adhesion of a liquid tooficssurface and is a result of the
intermolecular attraction between the moleculeghéliquid and the surface molecules of
the solid. Surface tension is caused by the iotena of the liquid molecules inside the
liquid and on the surface, and when they balantie the adhesive forces between the
solid surface and the liquid, capillary action desuMolecules inside of a liquid interact
with neighboring molecules on all sides and aresmered to be in a favorable energy
state. However, a molecule located on the sullfzszs half of its cohesive interactions,
creating a force imbalance. This imbalance catiseBquid to reform itself in order to
minimize the surface area of the liquid.

When a liquid comes into contact with a solid aoé, the adhesion forces due to
the interaction of the liquid and the solid surfacee again upset the equilibrium of the
liquid. The liquid spreads out on the surfaceribeo to minimize the total energy of the
system, causing capillary action [1]. On a vettstaface, this will occur until
gravitational forces overcome the adhesive foréesensolid-liquid interaction. This
phenomenon is used by plants to draw water to piperndeaves and is also responsible
for the formation of menisci in graduated cylinde€apillary action is enhanced in an
inside corner, due to a higher ratio of solid stefarea to liquid volume. This allows
adhesion forces to more strongly draw the fluididace upwards along the wedge
formed by the corner [2].

The corner or angle along which the liquid travsleeferred to as the angle of
incidence. The height to which the fluid surfacd nse is also dependent on the force
on the fluid due to gravityAll else being equal, lighter fluids, fluids witbwer
viscosities, or reduced gravity will cause morenaanced effects due to capillary action.
It is possible to calculate the equilibrium positiaf a solid-liquid surface, given
information about the geometry and properties efdysstem. Such systems are usually
studied by minimizing the sum of the surface aral/gational energies as described by
the equation:

A.(WtAu)=ku+ 2H Eq. 1-1[2]

whereW = (1 + u,® + u,? ) andk andH are constants describing the properties of the

system. A boundary condition of constant contagleis applied such that

cosy =W *Au -n Eq. 1-2[2]

wherey is the contact angle. In the case of zero grathigse equations give
A (WtAu) =2H Eq. 1-3
W™n - Au=cosy Eq. 1-4[2]



It can be shown that equations 1-1 through 1-4 lsaligtions only in the case that
a +y>n/ 2 wheren is half the angle of incidence [2]. Solutiongh problem which
are valid in the case wheser y > =/ 2 is not satisfied have been shown, but neithier
result nor the standard case addresses the tineadepce of the surface location [3, 4].
With last year’s experiment, we were able to dertrates that a smaller angled wedge
resulted in an increased flow velocity of the fluidowever, due to unforeseen fluid
motion, we were unable to determine any voluméiniv rate of the fluid, and would
like to determindnow the contact angle affects the actual voluméwie rate of the
system.

1.2 Applications of capillary action in microgravi ty

Capillary action has many applications in microgfsg\especially in the
development of fuel systems for spacecraft. Stupeformed to date have only
determine the equilibrium states of liquids in rogrravity. An understanding of not only
where fuel will be in a storage tanks, but howiit veach that position could allow for
the development of pump-less fuel systems to mmadlsolumes of fuel from one place
to another. In addition, a study of dynamic capyllaction in the absence of gravity may
give insight to capillary actions in the presentgravity and allow for a better
understanding of how plants transport water touiyeer leaves.

1.3 Role of gravity

As discussed above, gravity plays an importam rmhow capillary action
occurs. In a 1G environment, capillary action i stoongly pronounced except in the
case of extremely small contact angles or smallesnaf incidence on the surface. In the
case of microgravity, capillary effects become more important. Large rises in fluid
surface occur due to relatively large angles oideicce in the container surface. This
will allow for a much more useful and realisticusition for microgravity capillary
experiments. If the angles of incidence are kelsbetween adjoining surfaces, as in
the 1G case, frictional forces between the fluid #ire walls become dominant and slow
the fluid motion, changing the nature of the flMae microgravity environment
experienced during the C-9B flights will allow wsgtudy capillary flows where friction
is not as dominant as well as make the capillaigces much more pronounced,
improving data recording and later analysis.

It was shown by our experiment last year thatathgle between the two solid
surfaces could have a large effect on the dynamtéractions with that surface. With an
improved experimental setup, we will be better abldetermine the volumetric flow
rates at which a fluid with a defined viscosityMiiivel in planar wedges in
microgravity. In addition, we will be able to datene how the viscosity of a liquid will
influence the dynamics of the capillary action.



2. Test Objectives

2.1 Objectives of the Experiment

Our objective is to quantitatively measure the @ftd capillary action in a
microgravity environment. We propose that onboafSKN'’'s C-9B reduced gravity
laboratory, we will be able to measure a liquidierage flow velocity and average
volumetric flow rate over two adjoining surfacedtwiliffering angles of incidence. We
will also attempt to determine the relationshipnesn fluid viscosity and capillary
action for fluids with different viscosities.

Goal 1: Allow for the measurement of capillary actbn using varying angles

We will vary the angle of incidence but keep aletvariables constant in order
to determine which angle allows for the highesivfleelocity (cm/sec) of a liquid due to
capillary action in a microgravity environment. Tliguid will travel along the wedges of
varying tolerance angles. These angles have beaemdred based on a similar
experiment performed last year which was basedanh ®oncus’s and Robert Finn’s
research. A measurement tape will be placed neangliges and a mounted video
camera will be used in order to record the liquigfsgress. After completing the
experiment, we will analyze the videos closelyiidery to determine the average flow
velocities of the liquid over each angle.

Goal 2: Determine the relationship between angle afcidence and volumetric flow
rate

We will measure the average volumetric flow rat&/gec) of the liquid due to the
capillary action. In order to do this, the top atk wedge will be rounded to allow the
liquid to flow over the top and into a collectiarbe After completing each microgravity
portion of the flight, gravity will pull the liquido the bottom of the collection tube,
effectively resetting each experiment. We will netthis process, and after all the liquid
has been pulled to the bottom of the collectioretwie will allow it to flow back into the
main reservoir to reset the experiment. When rewig\the video, we will be able to
determine the volume of water collected, and simeevill have recorded the amount of
time the liquid took to reach the top of the wedge,will be able to calculate the average
volumetric flow rate.

For our wedges we can calculate the angle of imcieldor water and the
water/glycerin mix in a laboratory setting. Usitngs calculated value and the video
footage to determine velocity; we have another ofagalculating volumetric flow. It is
important to have this laboratory calculation te as a reference when doing our
experimental calculations to determine volumetoevt

Goal 3: Determine the effects of fluid viscosity ogapillary action

In order to determine the relationship betweerdfiiscosity and capillary action,
we will simultaneously perform two experiments. tggtwo fluids with similar surface
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tension and density, we can measure the effedtseofiscosity of a liquid. We will
complete goals one and two for water (viscosit§.80 x 10° Paes) [5] in one setup, and
in a second identical setup, we will complete goals and two for a water/glycerin mix
(glycerin 20% by volume, viscosity of 1.8 x1@ass) [7]. After analyzing our data for
both liquids, we will be able to describe the relaship between capillary action and
fluid viscosity in a microgravity environment.

2.2 Hypothesis

We theorize that liquid undergoing capillary actiora microgravity environment
will have different flow velocities over differeangles of incidence. Similarly, we
theorize that capillary action will cause differeaiumetric flow rates over different
angles of incidence. We also believe that fluiccessty will noticeably change the effects
of capillary action. We are confident that we Vol able to successfully and safely
perform this experiment aboard NASA’s C-9B. We &l that our techniques will
provide ample data in order to develop preliminamypirical equations describing
velocity and volumetric flow rate due to capillagtion.

11



3. Test Description

3.1 Description of Phenomena

As any liquid comes in contact with a solid surfeweontact angle is created.
This contact angle is the angle of incidence actviine liquid comes in contact with the
adjoining surface. In reference to the researctedry Concus and Finn, there exists a
contact angleyo, which is also known as the critical angle forteaarface. For a surface,
or in this case a wedge, with an interior anglwgfthe critical angle is then equalit(2-
o.

4 T Fig. 3-1: Wedge shaped
e o container showing inner angls
— 2a, contact angle, surface
area S, horizontal cross
sectional are& and
horizontal perimetek. P.
Concus, R. Finn, M.

Y },.f . Weislogel, “Measurement of
Critical Contact Angle in a
Microgravity Space
Environment,” Preprint for
Experiments in Fluids, 28,
pp.197-205, (2000).

U

Not only is the critical angle important, but thentact angle created from the
fluid in contact with the surface is also signifitaThis angle is determined through
experimentation and is a measure of the angleltine: ihakes against the surface at the
point of contact. The value of a contact anglenigrsely proportional to the strength of
attraction between the fluid and the solid. A seraltontact angle results in greater
capillary action and is evidence of stronger atioacbetween the fluid and solid.

The liquid will move to the walls and rise along tburface with no pattern if the
contact angle’s value rests between zero and ttieatiangle. An experiment performed
aboard the United States Microgravity Laboratora@pShulttle flight STS-73, designed
by Finn, Concus, and Weislogel, investigated tHealimr of a liquid in a double
proboscis shaped container as it neared the ¢réigge. It was discovered that the liquid
will rise discontinuously as the liquid approachies critical angle.

Our experiment will not concentrate on the speafintact angle or height of the
liquid but rather will focus on quantitative values the velocity and volumetric flow of
two different fluids of differing viscosities alongedges with various angles. We will
attempt to compare quantitatively the differencd@i between the two liquids.
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Our experiment relies on two separate polycarbolaieks which have wedges
of predetermined angles cut into them

Fig. 3-2: Wedges
of varying angles
are cut and rounded
off at the top and
continued over the
top to allow the
liquids to travel to
the collection tubes.

One wedge will have a sponge submerged in watbediase and the other will have a
sponge submerged in a water/glycerin miXedges are rounded off at the top and
continued over the top to allow the liquids to &bk the back to the collection tubes
which are capable of measuring the two liquidsaaheangle. Water and a water/glycerin
mix have been chosen due to their availabilityunepquantities, non-toxic
characteristics, and positive contact angles wigimyrsolid surfaces, one of which is
polycarbonate. We will video record the capillacgi@n of each liquid in order to
compare them.

The results from this experiment will have apgii@as in microgravity where a
fluid can travel from one end of a pipe to anotiAera result, research will lead to the
discovery of means to transport fluid without tlse @f a pump. One may only need to
change the contact surfaces, angles, and shages witube to displace fluid and from
experiments measure and predict fluid displacematas for any geometric shape

We expect that fluids with lower viscosities angher surface tensions will be
transported at faster rates than those with higiseosities and lower surface tensions.
We also expect that the fluids will travel fastethin wedges with smaller angles of
incidence and slower within larger angles. Thid & shown both qualitatively and
guantitatively by the camera and the volumetric sneaments respectively.

13



3.2 Equipment Design

3.2.1 Overview

Our capillary action experiment was designed séfety, visibility, and
accessibility as the determinants of the structdeaign. Safety precautions were
considered and implemented into the external aredral design. The outer containment
box will be secured to the plane. The fluid tank e doubly reinforced and will have
pressure release systems built in. These tank$aldl equal amounts of water and
water/glycerin mix at the bottom. No toxic matesialill be used and kill switches will
be implemented for all electronics within the expent.

3.2.2 Outer Containment

Damping neoprene

Fig. 3-3: Complete gperimental assembly showing ou
containment box and inner experiment.

The outer containment box is the same box thatdeased fit to fly for the past
two experiments implemented by our group. The Isaxade of %" thick polycarbonate
sheets with an outer dimension of 30” x 30" x ZBlese sheets are fastened to each
other with 1 %2” L-beams made of aluminum and Yzhak¢er bolts and nuts made of
steel. Both inner and outer edges have been seéledilicone caulk to provide an air-
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tight containment. There are two handles locatedpposing sides to carry the device
and to aid in securing the box to the plane.

3.2.3 Mounting and Shock Absorption

Inside the outer containment box, we will secuB#&24°x3/8” aluminum
platform with five cylindrical neoprene sandwich umbs to the bottom of the box. This
platform was used for the last two years to mouwmtexperimental contents. We will be
mounting our cameras, fluid tanks, actuator andcelerometer to this platform to
prevent collision of any parts of our experimenthane another. The neoprene, a
synthetic rubber polymer, carries great energy igihem properties that should be able to
provide sufficient vibration dampening for the expeent.

See Fig. 3-3 for the aluminum plate fitted withraitton damping neoprene sandwich
mounts attached to the bottom of the outer contamirbox.

3.2.4 Electronics

We will be using battery-powered video camerashigeove and record each
experimental trial. The cameras will be mountedtenplatform and will face the fluid
containment tanks. An actuator will lower the pealsmonate wedges into contact with the
liquid-saturated sponge once microgravity has laedmeved. The block will then be
raised off of the sponge when the period of zeavity has ended. Two buttons on a
control box, one to lower it and one to raise it| wontrol the actuatorPlease see
Section 10: Electrical System for a complete ovamof our experiment’s electrical
system.

3.2.5 Fluid Tanks

Each tank will weigh no more than ten pounds arldbei made with clear
polycarbonate and aluminum. There will be approxetya?2 cm of fluid at the bottom of
each tank. The fluids will be water and a wateghyn mix providing different
viscosities so that we may compare the flow rafekefluids. In the past years, we have
observed that the motion of the plane causes uanestl fluids to splash along the sides
of fluid tanks. To prevent this, we will have a sge on the bottom of the containment
tanks to contain the liquid.

These tanks will be considered pressure vessalaube they are sealed.
Although we do not expect the pressure in thedestemreach dangerous levels, we will
install a pressure relief valve that will releasg aressure at or above 14.7 psi (1 atm).
Our polycarbonate wedges will be placed insideghasks. The pieces will stay at the
top until microgravity is achieved, where they via# lowered to contact the fluid-
saturated sponge by sliding down rails under tivegp@f an actuator. The blocks will
be tapered at the top to continue the capillaripactnd once we are no longer in
microgravity, the fluid will flow down into the claction tubes. There will be narrow
tubes that will collect the liquids to be measurdthe camera will record as the fluid
travels over the top of the wedge and down intactir@ainer so that we can perform a
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guantitative analysis on volumetric flow rates.r Better visibility, the water will be

dyed with food coloring. The bottom of the tubeal lae plugged by a rubber block to
prevent the liquid from escaping while in microgtgas the wedge is in its lowered
position which is when we will be measuring thewnetric flow. However, the tubes
will have to be far enough away from the spongethabwhen the wedges are initially
pushed into the liquid, that liquid will not entée tubes. When microgravity ends and
up to 2Gs are pulled, the wedges will be raisedhwfsponges and the tubes will open,
letting the liquid fall off the wedges and out béttubes back onto the sponges so the
experiment can be repeated. Each angle will havenn tubes, so that we can measure
individually the volume of the liquids for each &g

Fig. 3-4: Tubes
‘ I collect liquid
: ‘ when it flows
‘ - over the tops of
‘ the wedges when
‘ the bases of the
‘ wedges are in
. ‘ contact with the
‘ ‘ saturated sponge

3.3 Procedures
3.3.1 Pre-Flight

We will conduct a pre-flight checklist before edtfht to ensure our experiment is
ready for flight. The checklist includes:

1) Outer Containment Box Integrity: Examine the outer box for cracks,
misalignments, or other abnormalities.
Reaction Plan:Replace with alternate outer box that has no s;atksalignments,

or abnormalities.
2) Inner Tanks Integrity: Examine both inner tanks for cracks, misalignments
other abnormalities that may cause leaks.
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Reaction Plan:Replace one or both tanks with alternate tankhhatno cracks,
misalignments, or abnormalities.

3) Actuator/Motion of Poles: Run actuator and ensure motion along sides and tha
the polycarbonate wedges move smoothly and arestiuaibed.

Reaction Plan:Remove any obstructions, clean, and lubricate ngpparts as
needed. Check electrical connections on actuator.

4) Sponge/Liquid Check:Ensure sponges contain correct amounts of water or
water/glycerin mix and that water has sufficieradaoloring for better visibility.
Reaction Plan:Replace one or both sponges with sponge contagungct
amount of liquid and add food coloring to watenasded.

5) Accelerometer: Verify that the accelerometer is working propexhd that the
laptop is receiving data from it.

Reaction Plan: Examine all the electrical connections betweenattcelerometer
and laptop.

6) Video Cameras:Ensure video cameras are working properly andithteries
are new and fresh tapes are in them.

Reaction Plan:Replace batteries/tape as needed and check edcwitnections
on video cameras.

7) Computer Software: Validate that all electrical systems are operagirgperly
and communicating with the laptop.

Reaction Plan: Check all connections and restart the laptop

Following a successful review of the checklist,esflFlight Director will help
fasten the apparatus to the floor and finish opinesflight procedures.

3.3.2 Overview
When the plane enters microgravity, we will stamducting the experiment. The

actuator will be controlled by switches activatédaious times throughout the flight. In
case of any emergencies, there will be a manuaépstut off.

3.3.3 In-Flight

1) The video cameras are mounted to the appaaatliare turned on before the
parabolas start.

2) Once microgravity begins, one of the reseachalt activate the actuator,
which will move the wedges towards their respecsipenges. The liquid in each
sponge will climb up the angles of the wedges aret to the other side into a
collection tube.

3) Once normal gravity begins, the liquid in thbes will drop to the bottom,
enabling a measurement to be recorded by the vae®ras.

4) Then a researcher will push a button to moeeattiuator and wedges back up
so the liquid can return to the sponge for the bt
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5) Repeat steps 2 through 4 for every parabola.

6) After the last parabola is completed, the actuand video cameras will be
turned off.

3.3.4 Data Collection

The video cameras will start recording before trst parabola. The cameras will
record the liquid moving along the wedges and évellof the liquid in the collection
tubes before the actuator moves back up and thellrgturns to the sponge. The data
will be saved for future analysis.

3.3.5 Post Flight

We will unload our apparatus at the end of thenfligvideo camera batteries and
tapes will be replaced for the next flight. Afesch flight, an overview of our pre-flight
checklist will be conducted again to ensure theaggps is ready for the next flight.

3.4 Necessity of Microgravity

In the presence of gravity, a liquid has moleculggractions with the surfaces
containing it. For this experiment, it will havgeractions with the clear polycarbonate
creating a contact angle. However, gravity woulkelpnt any water from traveling up
the walls. If there is no gravity restricting ttapillary action, the liquids will freely
move up the surface. This experiment needs t@mbducted in microgravity because we
are attempting to study the rate at which a fluidl nge in a planar wedge in the absence
of gravity.

18



4. A Follow-Up Flight

Last year, we studied the dynamic flow induced &pilkary action in order to
better understand the time dependent fluid locatMe studied the rate of fluid
progression to capillary action as dependent ugamngtry of four different contact
angles. We intended to measure the progress diuidaup the wedges as well as the
volumetric flow.

However, we were unable to make any measuremeiite eolumetric flow or
perform any quantitative analysis due to many wegeen inconsistencies. There were
some difficulties in smoothly lowering the wedgseasbly onto the sponge, causing
undesired fluid motion in the tank which obscured wew of the wedges. The addition
of the actuator should eliminate this problem, jimg controlled raising and lowering
of the wedges thus eliminating any undesired flo@tion. In manufacturing the wedge
assembly, we had left small gaps between the diitavedges, unexpectedly interfering
with fluid movement in the wedges. These problentisbe taken into account when we
are constructing the new wedges and tanks.

A follow-up experiment is merited to obtain bettesults. This repeat experiment
will allow us to obtain quantitative data of thelwmetric flow rate involving fluids of
differing viscosities. We have consequently changer experiment. The basic design
is similar to the previous experiment except faaraing the geometry of the top of the
wedge to allow the fluid to flow over the top amtia a tube to be measured. Here, we
will be able to record the amount of fluid that pesthrough each wedge.

In addition to studying flow rate, we will also diuthe relationship between flow
rate and liquid viscosity. We plan to do this thgh identical tests performed adjacent to
each other using water in one of the containmerkstand water/glycerin mix in the
other.
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ll. Safety Evaluation

6. Flight Manifest

Flyers

Mai Lee Chang
Ben Conrad

Lisa McGilll

John Springmann

Alternate Flyer
Lowell Farrell

Ground Crew
Andrew Elizondo
Jason McDowell
Eric Liegel
Adam Helgren
Alyssa Skulborstad
Curtis Laluzerne
Alex Robinson
Stephen Bonney
Keith Rein

Pete Penegor
Meg Reinbold
Ben Longmier
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7. Experiment Description/Background

Please see Sections 1, 2, and 3.1 for a complstgipiton and background of our
experiment.

8. Equipment Design

Please see Section 3.2 for our experimental design.
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9. Structural Design

In this section we will analyze the structural gmments of our experiment and
explain the calculations used to find them. Th&poontainment box we are using was
previously used in the past two NASA RGSFOP expenitst The only difference will
be the inner test components that we use. Theledtmns for the structural design will
be very similar to the previous year’s.

9.1 Overview

Our experiment has been carefully designed to alas$ the G-load requirements
of NASA’s Reduced Gravity Flight Program. Calcidas to find the center of gravity
were determined first. Next we used the centgravity to calculate how the box will
function under different G-loads. We will secune box to the floor of the plane by
using two 2-inch wide cargo straps. Our experimahtbe subject to loads of 9 G’s
forward, 3 G’s aft, 6 G’s down, 2 G’s up and 2 Giteral. These G-loads have been
used to determine if the cargo straps will be sidfit to hold the experiment in place.
The structural analysis of the inner box has shthvahthe components will remain
isolated from the fuselage of the aircraft. Theeincomponents have been analyzed to
show that they will remain in the outer containmieox. The G-loads and critical factors
of safety (FS) are included to show that the expenit is safe for the aircraft and all
passengers. For our calculations, the right sidieeoexperiment is toward the front of
the C-9B aircratft.

9.2 Centers of Gravity

The 3-D right-hand coordinate system shown to efie |
will be used. The origin will be the lower-leftarecorner of
the outer containment box’s aluminum frame. Altloé
components weights and relative centers of grawitiis point

x  will be used to calculate the center of gravityed whole
system. All of the measurements are in inches.
= Under normal gravity conditions (1 G), the inner
components have a weight of 50 Ibs. The video casneach weigh 5 Ibs. for a total of
10 Ibs. The actuator weighs 5 Ibs. The aluminlatepneighs 15 Ibs. The two inner
tanks weigh 10 Ibs. each, totaling 20 Ibs. Theersrof gravity can be found because
they are all relatively symmetric. To simplify thalculations for the inner tanks and the
video camera, they will each be treated as one Uie center of gravity can be found
easily because of the symmetry of the system ofcasnor tanks.
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Object X (in) Y (in) Z (in) Weight (Ibs)
Inner Tanks 25.0 7.5 15.25 20

Video Cameras 9.5 4.5 13.5 10
Aluminum Plate 15.25 2.0 15.25 15
Actuator 25.00 17.0 15.25 5

The center of gravity of the inner components camooind using the table above.

CG = (20*25 + 10*9.5 + 15*15.25 + 5*25.0) / 50 = 18.9
CG, = (20*7.5 + 10*4.5 + 15%2.0 + 5*17.0) / 50 = 6.20
CG, = (20*15.25 + 10*13.5 + 15*15.25 + 5*15.25) / 504.90

The center of gravity of the inner component is (18.97, 6.20, 14.90)

Next, the center of gravity of the whole box hasetb calculated by combining the
inner components and the outer box. This will bedulater for G-load forces. The box
has dimensions of 30.5 x 24.5 x 30.5. Since theidoelatively symmetric in all
directions the center of gravity is the centerha&f box (15.25, 12.25, 15.25).

CGy = (40*15.25 + 50*18.97) / 90 £7.32
CGy = (40*12.5 + 50*6.20) / 90 9.00
CG, = (40*15.25 + 50*14.90) / 90 5.06

The center of gravity of the whole systemis (17.32, 9.00, 15.06)
9.2.1 9 G’s Forward

When this system is under an induced gravity Gf®in the forward direction,
the weight can be calculated by multiplying thegteiat 1 G by a factor of 9. Thus the
induced weight is 9*90 = 810 Ibs. The cargo stiaestioned earlier will counter this
weight. They will each have to supply a force 054bs in the negative X-direction.
Each strap can supply a max force of 5000*cos(72p45 Ibs. The safety factor is
1545/405 = 3.81. Taking the moment about poin@(@,5.25) shows that the reaction
moment for each strap needs to be 810*15.06 / Dg9%Gn-Ibs. The straps can produce
a moment of 5000*sin(72)*5=23,780 in-lbs. Thisulkksin a factor of safety of 23708 /
6099 = 3.89. This shows that the straps will d&@ent to prevent rotation or
translation under 9 G’s forward.

9.2.2 3 G’s Aft

The equipment will experience an induced gravit 6d Ibs. (90*3), which will
be countered by the same cargo straps. Eachwiitdave to provide a force of 135 Ibs.
Each are capable of producing a force of 5000*@@3 £1545 Ibs. The horizontal safety
factor is 1545/ 135 11.44. Taking the moment about position (30.9,525) it can be
seen that each strap needs to create a reactioemofi270*15.06 / 2 = 2033 in-Ibs.
Each strap is capable of producing 5000*sin (72,720 in-lbs. The safety factor for
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this is 23708 / 2033 = 11.67. The two straps olld the system static during 3 G’s
backwards.

9.2.3 6 G's Down

Under an induced gravity of 6 G’s down, the apperatill experience an induced
weight of 540 Ibs. The area of the bottom of theipment is 30.5 X 30.5 in or 6.46.ft
The max in flight stress on the fuselage will b& 56.46 = 83.6 Ibs. /4t The max
allowable stress on the floor is 200 Ibs?/ fThe factor of safety is then 200 / 83.6 =
2.39. Our experiment does not need to provide #boring to satisfy the G-load
specifications in the 6 G’s down situation.

9.2.4 2 G’s Lateral

Under an induced gravity of 2 G’s lateral direntithe equipment will experience
a weight of 180 Ibs. To avoid translation in tha@irection, the box will have to be
ratcheted down with enough force so that the biwl force between the box and the
aircraft foam is much greater than 180 Ibs. Indase of rotation, the straps would have
to supply a force to counter the moment about 8520). The moment that needs to be
balanced is 140*17.32 / 2 = 1559 in-Ibs. The teftep going over the top of the outer
frame would need to produce a force of 1559/ 3033.1 Ibs. The strap is able to
produce a force up to 5000 Ibs, which yield a yaflettor of 97.83. Therefore, the two
straps will be sufficient to keep the system ircplduring 2 G’s in the lateral directions.

9.25 2G’sUp

With the entire system under an induced gravitg &'s up, the induced weight
of the equipment is 180 Ibs. Forces from the straii counter this weight over the top
of the outer frame. Each strap can produce a f@ir&00*sin (72) = 4755. This creates
a safety factor of 52.8. The two straps will b#isient to keep the system static in 2 G’s

up.
9.3 Summary
The above calculations prove that the systemettntainment box and inner

components will remain in static equilibrium fol @-load cases. The two cargo straps
are sufficient restraints.

Case Force (Ibs.) Force FS Moment (in-Ilbs.) MomerS
9 G’'s Forward | 405 3.81 6,099 3.89

3 G's Aft 135 11.44 2,033 11.67

6 G’s Down 270 2.39 N/A N/A

2 G’s Lateral 90 need more info| 1559 97.83
2G'sup 90 52.8 N/A N/A

Fig. 9-1. Summary of the FS calculations for fastening theaagtus under all G-load
situations. Forces and moments shown are thewaadhat need to be provided by

one cargo strap
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10. Electrical System

Our simplistic electrical system will involve vefgw components. An electric
actuator will be wired to a control box and the ryppiate fuses to move the sliding
wedge piece up and down.

To record the experiment, two standard video cadersrwill be used to
videotape the wedges and the measuring tubescarheorder will run off of battery
power.

We will mount an accelerometer in our outer conteent box and hook it up to a
laptop computer. This will enable us to view théo&e on the plane so that the
researchers know when to begin the experiment. athelerometer and laptop will be
wired into an analog to digital converter (ADC).

The actuator, control box, and ADC will all needomwired to a power strip.
The power strip will have a breaker switch in caka malfunction, enabling us to kill
the power.

DC Voltage | Max Current
Name (V) (A) Function
Accelerometer 5 0.1 | Collect Data
ADC 5 0.2 | Measure G-forces
Interface between PC &
Laptop* 12 2 | accelerometer

Fig. 1C-1: Electrical Components

AR} Conirol fox

Accelerometer

Video Camera Flashlights | To C-9
Power Supply

Fig. 1C-2: Schematic
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11. Pressure/Vacuum System

Although our experiment does not contain any comneptintended to operate at
an altered pressure, it does contain a rigid, fedigled fluid containment tank that could
be considered a pressure vessel if the plane wédosé cabin pressure. Our innermost
layer of containment has an airtight seal. We aregithe same inner containment box
from last year, and consequently already have predssted it. However, we will
perform the tests again and also to the othericEtontainment box, so that it will
withstand a pressure of up to 5 psi. Also, a dirakctional relief valve is set to release at
a pressure of 3 psi, allowing the tank pressuegtealize well before its rated strength.
The valve will be located at the top of the tanktsat liquid cannot leak out. In addition,
the tank will contain only air, deionized waterdamater/glycerin mix, none of which are
toxic or corrosive. Both the water and the watgdegrin mix will be confined to the
bottom of the tank in a sponge.

12. Laser System

Our experiment does not involve the use of lasers.

13. Crew Assistance Requirements

Crew assistance is requested for loading the exygerti onto the plane and proper strap
attachment. In flight crew assistance is not resplir

14. Institutional Review Board

The experiment does not involve human or animalsigisjects or biological material.
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15. Hazard Analysis

Hazard Number: 1
Hazard Description: Tank leaks
Hazard Causes:
1) Cracks/fractures develop as a result of strdssesthe experiment
2) Tank dislocates and hits another object whieatas a crack/fracture
Hazard Controls:
1) The two sides, top, and bottom are made of ¥ktaAluminum, the front and
back are made of very strong clear polycarbonate
2) During preflight, the tank will be examined vadly for cracks/fractures
3) Only water with a food coloring dye will be usedhe tank
4) Tank will be firmly bolted to the aluminum plati

Hazard Number: 2
Hazard Description: Actuator comes in contact with the water or watgogrin mix
Hazard Causes:
1) Top of the tank breaks due to stresses durie@xiperiment
Hazard Controls:
1) Actuator is splash resistant
2) Will have fuses and a master kill switch to tthie power off
3) Top of tank is made of ¥4” thick aluminum
4) The actuator will only provide a force of <2%lhwhich is not sufficient to damage
any components of the experiment
5) During preflight, tank will be carefully inspect visually

Hazard Number: 3
Hazard Description: Sliders are jammed
Hazard Causes:
1) Dirt/foreign objects on the poles
2) Actuator does not work properly
3) Control box fails to work properly
Hazard Controls:
1) Power will be turned off by the master kill se¥it
2) During preflight, we will test the motion of tiséders to make sure that they work
properly and examine the poles to make sure theejree of dirt and any foreign
objects
3) We will verify that the actuator works propedyring the preflight check

Hazard Number: 4
Hazard Description: Too much current runs through the actuator
Hazard Causes:
1) Current regulator for actuator does not funcpooperly
2) Insulation of wire is worn
3) Control box malfunctions
Hazard Controls
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1) Actuator will use a small amount of current

2) Will have a fuse to turn off the power in cas@@urrent overdraw

3) Will have a master switch to turn all power off

4) During preflight check, we will verify that allires and connections work properly

Hazard Number: 5
Hazard Description: Malfunction of control box
Hazard Causes:
1) Sliders jam causing the actuator to not worlpprty
2) Wires are damaged or worn
3) Electrical malfunction or shortage
Hazard Controls:
1) If the control box does not function properlyeyenting the actuator from working
properly, no damage to the experiment or operatiboacur
2) The actuator is properly contained
3) A master kill switch will be available
4) See Hazard Control Number 3: “Sliders are janimed
5) Prior to flight, the box will be tested to madeére it works properly and the wires
will be carefully examined to ensure that thereaslamage.

Hazard Number: 6
Hazard Description: Malfunction of camera
Hazard Causes:
1) Camera is not connected properly
2) Camera is damaged
3) Electrical malfunction or shortage
Hazard Controls:
1) We will test electrical parts
2) Before take-off, we will make sure the cameraks@roperly

Hazard Number: 7
Hazard Description: Damage to experiment equipment
Hazard Causes:
1) Experiment becomes detached from the platform
2) Fluid comes in contact with the electronics
Hazard Controls:
1) Components will be firmly bolted to the aluminyatform
2) Outer containment box will control any free fiog parts
3) All sides and corners of outer containment bdklve padded with closed cell
foam
4) A master kill switch will be available for alleetronics
5) See Hazard Number 2: “Actuator comes in contattt the water or water/glycerin

HWLL

mix

Hazard Number: 8
Hazard Description: Electrical shock of operator

29



Hazard Causes:

1) Worn or damaged wire

2) Overload of current

Hazard Controls:

1) Before take-off, all wires will be checked

2) A master kill switch will be available

3) See Hazard Number 4: “Too much current runsuilinche actuator”

Hazard Number: 9
Hazard Description: Damage to DC-9
Hazard Causes:
1) Experiment detaches from the floor of the pldne to a failure of stowage
restraint, which could cause damage to the calidrceaw
Hazard Controls:
1) Outer containment box will be made from polycarhte with aluminum on the
edges
2) All edges and corners of the outer containmertwaill be padded with closed cell
foam
3) Outer containment box will be restrained wittags rated to a maximum tensile
strength of 5,000 Ibs.
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16. Tool Requirements

We will limit the amount of tools we bring. Stamddools will be borrowed from
Ellington Field’s tool chests. Any tools we dorgiwill be controlled in accordance
with Naval Aviation practices to minimize any FO§sues.

Tools that may be needed include:
Flat-head screwdriver set

Phillips screwdriver set

Standard wrench set

Standard socket set

Duct tape

Electrical tape

17. Ground Support Requirements

Power Requirements
A standard 120 VAC 60 Hz power source is requicetst the equipment.

Hazardous Material Storage
Storage of hazardous materials is not required.

Building 993 Access
Access to building 993 is only required during nafnvorking hours.

Loading/Unloading

A forklift or pallet jack is requested to move tleperiment to and from the
storage area and aircraft.
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18. Hazardous Materials
Glycerin and water will be used as testing mediwntls the experiment.

Material Safety Data Sheet [6]
Glycerin
ACC# 10440
Section 1 — Chemical Product and Company ldentitioa
MSDS Name:Glycerin
Catalog NumbersS71228, S71229, S74606-1, S746061, BP229-1, BP2&A-H3-
1, G153-4, G30-20, G30-200, G30-4, G31-1, G36-287-20, G37-200, NC9484773
Synonyms:Glycerol; 1,2,3-Propanetriol; Glycyl alcohol; 1,2ZI8hydroxypropane
Company Identification:
Fisher Scientific
1 Reagent Lane
Fair Lawn, NJ 07410
For information, call: 201-796-7100
Emergency Number:201-796-7100
For CHEMTREC assistance, call:800-424-9300
For International CHEMTREC assistance, call: 703-527-3887

Section 2 — Composition, Information on Ingredients
CAS# Chemical Name Percent EINECS/ELINCS
56-81-5 Glycerin 100 2289-5

Section 3 — Hazards Identification
EMERGENCY OVERVIEW
Appearance: Clear Liquid.
Caution! This is expected to be a low hazard for usual itfciirandling. May
cause eye and skin irritation. May cause respiyaod digestive tract irritation.
Target Organs:None known.
Potential Health Effects
Eye: May cause eye irritation.
Skin: May cause skin irritation. Low hazard for usualustrial handling.
Ingestion: Ingestion of large amounts may cause gastroinedstiitation. Low
hazard for usual industrial handling. May causadaehe.
Inhalation: Low hazard for usual industrial handling. Inhadatof a mist of this
material may cause respiratory tract infection.
Chronic: No information found.

Section 4 — First Aid Measures
Eyes:Flush eyes with plenty of water for at least 15 ua@s, occasionally lifting the
upper and lower eyelids. If irritation developst gedical aid.
Skin: Flush skin with plenty of water for at least 15 oties while removing
contaminated clothing and shoes. Get medical ardtétion develops or persists.
Ingestion: Never give anything by mouth to an unconsciousgerd®o NOT induce
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vomiting. If conscious and alert, rinse mouth @ndk 2-4 cupfuls of milk or water.
Get medical aid if irritation or symptoms occur.

Inhalation: Remove from exposure and move to fresh air immelgialf not
breathing, give artificial respiration. If breatgirs difficult, give oxygen. Get
medical aid if cough or other symptoms appear.

Notes to PhysicianTreat symptomatically and supportively.

Section 5 - Fire Fighting Measures
General Information: As in any fire, wear a self-contained breathingaapfus in
pressure demand, MSHA/NIOSH (approved or equivaland full protective gear.
During a fire, irritating and highly toxic gases yriae generated by thermal
decomposition or combustion. Use water spray epKee-exposed containers cool.
Vapors may be heavier than air. They can spreatyahe ground and collect in low
or confined areas. Containers may explode whetetiea
Extinguishing Media: Use water spray to cool fire-exposed containerse &bent
most appropriate to extinguish fire. Use wateagpdry chemical, carbon dioxide,
or appropriate foam.
Flash Point: 193 deg C (379.4 deg F)
Auto ignition Temperature: 400 deg C (752.00 deg F).
Explosion Limits, Lower: 1.1.
Upper: Not available.
NFPA Rating: (estimated) Health 1 ; Flammability 1 ; Instability

Section 6 — Accidental Release Measures
General Information: Use proper personal protective equipment as ineticiat
Section 8.
Spills/Leaks:Absorb spill using an absorbent, noncombustiblesnedtsuch as earth,
sand, or vermiculite. Avoid runoff into storm sewand ditches which lead to
waterways. Clean up spills immediately, obsenprecautions in the Protective
Equipment section. Remove all sources of igniti®movide ventilation.

Section 7 — Handling and Storage
Handling: Wash thoroughly after handling. Remove contaminatething and wash
before reuse. Do not get on skin or in eyes. Dang#st or inhale. Keep container
tightly closed. Use with adequate ventilation.
Storage:Store in a tightly closed container. Store in alcdry, well-ventilated area
away from incompatible substances. No specialgutsans indicated.

Section 8 — Exposure Controls, Personal Protection
Engineering Controls:There are no special ventilation requirements.
Exposure Limits
Chemical Name ACGIH NIOSH OSHA - Fah PELs
Glycerin 10 mg/in none listed 15 mg/MTWA total dust;
5 mg/MTWA respirable fraction

OSHA Vacated PELsGlycerin: 15 mg/m TWA total dust; 5 mg/ TWA
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respirable fraction

Personal Protective Equipment

Eyes:Wear appropriate protective eyeglasses or chemsataty goggles as described
by OSHA;s eye and face protection regulations iCZF®R 1910.133 or European
Standard EN166.

Skin: Wear appropriate gloves to prevent skin exposure.

Clothing: Wear appropriate protective clothing to minimizetaet with skin.
Respirators: Follow the OSHA respirator regulations found in@BR 1910.134 or
European Standard EN 149. Use a NIOSH/MSHA or EeainStandard EN 149
approved respirator if exposure limits are exceemtatlirritation or other symptoms
are experienced.

Section 9 — Physical and Chemical Properties
Physical State:Liquid
Appearance:Clear.
Odor: Faint odor
pH: Not available.
Vapor Pressure:.0025 mmHg @ 5.
Vapor Density: 3.17 (air=1)
Evaporation Rate: Not available.
Viscosity: Not available.
Boiling Point: 290 deg C.
Freezing/Melting Point: 20 deg F.
Decomposition Temperature:290 deg C.
Solubility: Miscible in water. Insol. In chloroform,
Specific Gravity/Density: 1.2610g/cm @ 20
Molecular Formula: CsHgO:s.
Molecular Weight: Not available.

Section 10 — Stability and Reactivity
Chemical Stability: Stable.
Conditions to Avoid: Incompatible materials, ignition sources, excest.he
Incompatibilities with Other Materials: Acetic anhydride, potassium
permanganate, strong acids, caustics, isocyaradielizing agents, aliphatic amines..
Hazardous Decomposition ProductsCarbon monoxide, carbon dioxide, irritating
and toxic fumes and gases.
Hazardous Polymerization:Will not occur.

Section 11 - Toxicological Information
RTECS#:
CAS#56-81-5: MA8050000
LD50/LC50:
CAS# 56-81-5:
Draize test, rabbit, eye: 126 mg Mild; Draize teabbit, eye: 500 mg/24H Mild;
Draize test, rabbit, skin: 500 mg /24H Mild; In&ibn, rat: LC50 = > 570
mg/m3/1H; Oral, mouse: LD50= 4090 mg/kg; Oral, iightD 50 = 27 gm/kg; Oral,
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rat: LD 50=12600 mg/kg; Skin, rabbit: LD 50 = >10g.

Carcinogenicity:

Glycerin: Not listed by ACGIH, IARC, NTP, or OSHA.
Epidemiology: No information available.
Teratogenicity: No information available.
Reproductive Effects:No information available.
Mutagenicity: No information available.
Neurotoxicity: No information available.

Other Studies:No data available.

Section 12 — Ecological Information
Ecotoxicity: Cas# 56-81-5: LC50 (96 Hr.) rainbow trout = 50r6@/L; 12 deg C LC
50 (96 Hr.) goldfish = >5000mg/L.
Environmental: No information reported.
Physical: No information available.
Other: None.

Section 13 - Disposal Considerations
Chemical waste generators must determine whettisscarded chemical is classified
as a hazardous waste. US EPA guidelines for tissifilzation determination are
listed in 40 CFR Parts 261.3. Additionally, wastmerators must consult state and
local hazardous waste regulations to ensure complel accurate classification.
RCRA P-Series:None listed.
RCRA U-Series:None listed.

Section 14 — Transport Information
US DOT: No information available
Canada TDG:No information available

Section 15 - Regulatory Information
US FEDERAL
TSCA
CAS# 56-81-5 is listed on the TSCA inventory.
Health &Safety Reporting List
None of the chemicals are on the Health &Safetyoren List.
Chemical Test Rules
None of the chemicals in this product are undeharical Test Rule.
Section 12b
None of the chemicals are listed under TSCA SedRin
TSCA Significant New Use Rule
None of the chemicals in this material have a SNIdRer TSCA.
CERCLA Hazardous Substances and corresponding RQs
None of the chemicals in this material have an RQ.
SARA Section 302 Extremely Hazardous Substances
CAS# 56-81-5: chronic.
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Section 313No chemicals are reportable under Section 313.

Clean Air Act:

This material does not contain any hazardous diutants.

This material does not contain any Class 1 Ozopé&t®s.

This material does not contain any Class 2 Ozopéetias.

Clean Water Act:

None of the chemicals in this product are listetHazardous Substances under the
CWA.

None of the chemicals in this product are liste@asrity Pollutants under the CWA.
None of the chemicals in this product are listed@sic Pollutants under the CWA.
OSHA:

None of the chemicals in this product are consui@ighly hazardous by OSHA.
STATE

Glycerin can be found on the following state riglhknow lists: PA, MN, MA
California Prop 65

California No Significant Risk Level: None of thkamicals in this product are listed.
European/International Regulations

European Labeling in Accordance with EC Directives

Hazard SymbolsNot available.

Risk Phrases:

Safety PhrasesS 24/25 Avoid contact with skin and eyes.

WGK (Water Danger/Protection)

CAS# 56-81-5: 0

United Kingdom Occupational Exposure Limits: CAS# 56-81-5: OES-United
Kingdom, TWA 10 mg/m3 TWA (mist)

Canada — DSL/NDSL

CAS# 56-81-5 is listed on Canada's DSL List.

Canada - WHMIS

This product has a WHMIS classification of Not qotied.

This product has been classified in accordance théthazard criteria of the
Controlled Products Regulations and the MSDS costall of the information
required by those regulations.

Canadian Ingredient Disclosure List:Not listed

Section 16 — Additional Information

MSDS Creation Date:7/20/1999
Revision #4 Date2/20/2002
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19. Procedures

19.1 Pre-Flight

We will conduct a pre-flight checklist before edtght to ensure our experiment is
ready for flight. The checklist includes:

1) Outer Containment Box Integrity: Examine the outer box for cracks,
misalignments, or other abnormalities.

Reaction Plan:Replace with alternate outer box that has no s;atksalignments,
or abnormalities.

2) Inner Tanks Integrity: Examine both inner tanks for cracks, misalignments
other abnormalities that may cause leaks.

Reaction Plan:Replace one or both tanks with alternate tankhhatno cracks,
misalignments, or abnormalities.

3) Actuator/Motion of Poles: Run actuator and ensure motion along sides and tha
the polycarbonate wedges move smoothly and arestiuaied.

Reaction Plan:Remove any obstructions, clean, and lubricate ngpparts as
needed. Check electrical connections on actuator.

4) Sponge/Liquid Check:Ensure sponges contain correct amounts of water or
water/glycerin mix and that water has sufficieradaoloring for better visibility.
Reaction Plan:Replace one or both sponges with sponge contagungct
amount of liquid and add food coloring to watenasded.

5) Accelerometer: Verify that the accelerometer is working propexhd that the
laptop is receiving data from it.

Reaction Plan: Examine all the electrical connections betweenattcelerometer
and laptop.

6) Video Cameras:Ensure video cameras are working properly andidthteries
are new and fresh tapes are in them.

Reaction Plan:Replace batteries/tape as needed and check edcwitnections
on video cameras.

7) Computer Software: Validate that all electrical systems are operagirgperly
and communicating with the laptop.

Reaction Plan: Check all connections and restart the laptop.

Following a successful review of the checklist,esflFlight Director will help
fasten the apparatus to the floor and finish opinesflight procedures.

19.2 Overview
When the plane enters microgravity, we will stamducting the experiment. The

actuator will be controlled by switches activatédaious times throughout the flight. In
case of any emergencies, there will be a manuaépsetut off.
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19.3 In-Flight

1) The video cameras are mounted to the appasatiiare turned on before the
parabolas start.

2) Once microgravity begins, one of the reseachalt activate the actuator,
which will move the wedges towards their respectipenges. The liquid in each
sponge will climb up the angles of the wedges aret t the other side into a
collection tube.

3) Once normal gravity begins, the liquid in tbbds will drop to the bottom,
enabling a measurement to be recorded by the vae®ras.

4) Then aresearcher will push a button to moeeattiuator and wedges back up
so the liquid can return to the sponge for the tréait

5) Repeat steps 2 through 4 for every parabola.

6) After the last parabola is completed, the actuand video cameras will be
turned off.

19.4 Data Collection
The video cameras will start recording before thst parabola. The cameras will
record the liquid moving up the wedges and thellet/éhe liquid in the collection tubes

before the actuator moves along and the liquidmstto the sponge. The data will be
saved for future analysis.

19.5 Post Flight
We will unload our apparatus at the end of thenfligvideo camera batteries and

tapes will be replaced for the next flight. Afesach flight, an overview of our pre-flight
checklist will be conducted again to ensure theaagips is ready for the next flight.
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[1l. Outreach

20 Outreach Plans
20.1 Outreach Goals:
1 Target students with under-represented backgrotmiés them know more about
engineering, science, and math fields
2 Share our experience of microgravity and NASA vgithaller cities that are not
usually reached by similar initiatives so that talf learn more about the
science and engineering opportunities at the usitves as well as at NASA
3 Inspire elementary, middle, and high school stuslemaittend college and to get
involved in engineering and science
4 Show the exciting opportunities provided by the wénsity of Wisconsin and
NASA to young students and community members
5 Encourage students and the public to be involvestience and engineering
events happening in their state and universities
6 Inform students and the public about our capiletion research, why we are
studying it and the critical role that NASA playsthis research
We have chosen the following outreach initiatives to achieve our goals:

20.2 Hmong Population Outreach Initiative:
Background:

During the Vietham War, the Hmong were allies t® thited States. They
rescued down American pilots, disrupted the Comstismsupply lines, and protected the
U.S.’s radar base. When the U.S. pulled out oftlszmst Asia, many Hmong fled to the
refugee camps in Thailand and then eventually imategl to the U.S. as well as other
countries in order to escape prosecution from th@unists taking revenge on them.
More than 100,000 Hmong died due to the war. Tpdhgut 250,000 Hmong live in the
U.S. Wisconsin ranks third with the largest Hmguogulation.

20.2.1 Hmong Academy Charter School

Hmong Academy Charter School is in Minnesota, wisctime state with the
second largest Hmong population. Hmong Academyt€nh&chool has students from
grades 9-12. One of its main goals is to prepamdesits for college. Physics teacher,
Sheila Sullivan, contacted our team member, MaiCkang, to give a presentation about
our microgravity experiment to her students. Etreugh St. Paul, MN is far from
Madison, she has agreed to give a presentatiomvihhabclude our microgravity
research, engineering, science, and math majoegicarand the various opportunities
that NASA offers such as the co-op and internshggr@ams. She is a current NASA JSC
Co-op Student. Since she is Hmong, she will be &btelate to them directly, and she
plans to continue doing this again in the future.

20.2.2 FutureHmong Magazine

FutureHmong Magazine is based in Appleton, WI amoliphes monthly,
distributing across the nation. Many young Hmoeadrthis magazine. FutureHmong’s
mission is to further Hmong advancement in the BySeducating them about various
issues in American society as well as issues witierHmong community. Team
member Mai Lee Chang has contacted them to skeyifwill be interested in running a
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story about our microgravity experience.

20.2.3 Hmong National Radio

Hmong National Radio serves as a voice for the Hdts mission is to inform
and educate the Hmong community through broadeastirrent news events as well a
sharing ideas and thoughts through debates. Madleng has spoken with them, and
she has been scheduled for a one-hour talk shdw.sigeaks Hmong well and will be
able to explain our research to the entire Hmomgroanity. In addition, she plans to
talk about engineering, science, and math majaestcs, and NASA'’s internship and co-
op programs hoping to inspire the young ones tomecinterested. Since 95% of the
Hmong population listens to this radio, we’ll bdeato accomplish our goal of reaching
out to them.

20.2.4 Oshkosh Hmong Local Channel 2

This news station has a one-hour evening segmeny duesday, Thursday, and
Saturday that presents community and general netwgtHmong community in the
Winnebago County area in Wisconsin. One goal af ¢haannel is to present educational
materials and opportunities to the Hmong childrethe community. Mai Lee Chang
contacted them already, so she will be presentimgapillary experiment while
specifically reaching out to the children to ingpihem to consider careers in science and
engineering. Since we are scheduled to have tive @me-hour segment, we will be
showing video clips of our flight as well as wedl laer experience as a NASA JSC Co-op
thus far.

20.2.5 Hmong American Student Association

The Hmong American Students Association (HASA)nsaative organization on
UW-Madison’s campus that consists of about 40 aatrembers. Mai Lee Chang is also
a member of HASA and after conducting our microgyaproject, we will share our
results with the HASA members by giving a preseaiain hopes to spark interest in the
science and engineering majors.

20.2.6 Hmong Association of Engineers

Hmong Association of Engineers (HAE) is a newlyrfdad organization on
campus that serves as a networking and supporpgrglai Lee Chang is one of the
founders. One of the main objectives of the orztion is to make aware of all the
support and opportunities that UW-Madison's CollefEngineering provides for
students and to encourage them to take advantaberaf After conducting our
experiment, she will give a presentation to theugrto share our research findings and
hands-on engineering opportunities that the unityeas well as NASA has available for
undergrads to get involved in.

20.3 Other Targeted Population Outreach Initiative
20.3.1 Expand Your Horizons

Expand Your Horizons is a one-day career conferémateinvites up to 400 6th,
7th, and 8th grade girls from Southern Wisconsioame to the UW-Madison campus to
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experience a variety of math and science relategeca This year, team member Meg
Reinbold is volunteering as a science activity égamh November 11, 2006. She will
discuss the concepts of microgravity, share widmthwhat it is like to experience
microgravity, and explain how the microgravity prag fits into a career in science.

20.3.2 Society of Hispanic Professional Engineers

The UW-Madison chapter of the Society of Hispamaoféssional Engineers was
established in 1991 to advance its mission by sgrthe Hispanic student body. Today
SHPE is involved with numerous activities that andler-represented students in
achieving academic excellence. One of the progthatsSHPE has become a part of is
tutoring and lecturing the students of Madison Elgh School. The program entails
members of SHPE going to the high school and tugathie students struggling in areas
such as: conversational English for non-nativeestts] math, world history, biology,
pre-engineering, etc. Members also present arkectu different areas of engineering in
a pre-engineering class where students are inteatitacthe various fields of engineering.
It is SHPE’s goal to increase the number of unéerasented students in universities,
especially at the UW-Madison. Andrew Elizondogarh member as well as an active
member of SHPE, plans to volunteer as well as shidhethem the uniqueness of the
microgravity program.

20.3.3 Asian and Pacific American Council (APAC) P rodigy Newsletter

The APAC Prodigy Newspaper serves the Asian andi®aenerican student
population of the University of Wisconsin-MadisoAbout fourteen Asian student
organizations such as Filipino, Hmong, Laotian, &alan, Hawaiian, Viethamese, and
Indonesian are a part of APAC. The Newsletten ithe process of writing a story about
our capillary experiment. Our story in this newtsewill be able to reach out to the
Asian and Pacific American students to let thenvkabout our microgravity experience
and the vital role that NASA plays.

20.3.4 Leaders in Engineering Excellence and Diver  sity (LEED)

LEED is an organization for under-represented sitglim the College of
Engineering and any undergraduates interestedsersiiy. Even LEED is open to all
students, it is competitive to become a schold&ED also provides academic and career
goals support by holding a meeting each month fmivers to get to know each other
more and network, to know about available scholpsshutoring services, internship/co-
op opportunities, and other opportunities thateeualable. Mai Lee Chang is an active
LEED Scholar. A picture of her conducting our d¢lapy action during flight will appear
in the LEED brochure. The team also plans to gipeesentation to the group during
one of the meetings to share why we are studyipdlagy forces in microgravity and
NASA's Co-op and Internship programs.
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20.4 Youth in Science and Engineering Initiative:

20.4.1 Engineering Saturdays for Tomorrow's Engine  ers at Madison
(ESTEAM)

ESTEAM is a bi-annual, daylong program that invii@s-performing Wisconsin
high school juniors and seniors and their paremtatnpus. In the past, team member
Keith Rein met with groups of high school studdotsabout 15 minutes each. During
that time, he gave an overview of the RGSFOP, daragravity experiment, and
explained how a microgravity environment is achéevén addition, he answered
guestions about what the students could expeleeyf tlecided to pursue an engineering
mechanics degree from UW-Madison. Keith plansaiatioue participating again this
year and will share with them his direct experieatbeing in microgravity as well as the
results of our capillary experiment.

20.4.2 Madison Neighborhood House

Neighborhood House is an after school programtimtents K-12 that can not go
home right after school due to harsh situatiorteate. Since it is located very near
campus, it is easy for us to reach out to them rofiem, and it is so important that we do
reach out to them. Mai Lee Chang is a volunteereth The team plans to create a
mentor/mentee program with the children so thag ttea get to know each other on a
personal level with a focus on encouraging and sixggothem to engineering and
science.

20.4.3 Science Olympiad

Science Olympiad is a competition that is createget K-12 students interested
in science by showing them that it can be fun, texgi and challenging. Students
compete in various tournaments involving discipdiioé biology, earth science,
chemistry, physics, computers, and technology.iriguhe year, students work hard to
prepare for the competitions. We plan to help émdp mentors and work with the
Madison Public Schools. This mentoring relatiopshill give us the chance to expose
them more to science and engineering.

20.4.4 Hometown High School Presentations

Many of the members are planning to give indiviquasentations at the high
school that they graduated from and also other safiools in their hometown to the
physics classes. Besides presenting about thegnarity program, the team's
experiment, and the opportunities available in eegiing, math, science, and
technology, they will also be focusing on the intpace of teamwork.

20.4.5 Madison Memorial High School

Madison Memorial High School is a local school thas a high number of
students who are interested in science and engmgeefeam member Ben Longmier has
given classroom presentations to Memorial High 8thd\erospace class and
Astronomy classes on our past experiments. Aftetsyaseveral students that are very
eager to setup programs at their future univessheve contacted him, and the class in
general was very pleased with the content and @ibthie presentation. There was even a
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comment that “this was by far the best presentahanl have had all year in any class.”
This was thought to be an ideal audience for thragravity topic both because of the
unique science being done and the novel aerospgegience. Due to the interest of
students, we plan to continue to give more presentathis year.

20.4.6 Madison East High School

Madison East High School is also a local schodhwitdiverse student body that
includes many low income and minority students. Wilegive presentations to the
freshman integrated science class and advancedcpltyass by using hands-on
activities, video footages, and demonstrationsyve them a better understanding of our
microgravity experiment. In addition, we plan tedliss different opportunities available
to them in engineering, science, and technologyesmudurage them to pursue college
after graduation.

20.4.7 Wednesday Night at the Lab

The Science Alliance, the Wisconsin Alumni Assdoiatand the UW-Madison
Osher Lifelong Learning Institute sponsor Wedneddait at Lab. Presenters give a
35-40 minute talk and then engage with the paditip in a discussion. The
demographics of the participants are about 50%eacttirees with some families and
50% students. Ben Longmier has given a presentédimusing on our ZeroG team's past
and current experiments and the critical contrdoufrom NASA.

20.5 Other Outreach Activities:

20.5.1 Science Alliance

Science Alliance is a very popular annual eventtdiees place on UW-
Madison's campus to give the public the opportutatiynow more about students’ and
faculties’ work/research. This event attracts 300-students from ages 8-15 and
interested adults. We have always participatesicience Alliance in the past and will
continue to do so. We will set up an exhibit of maro gravity research that includes
pictures, videos, and our experiment. We will akphow and why we are conducting
our experiment as well as majors/careers in engimgand science, and the
opportunities that NASA has available

20.5.2 UW-Madison's Engineering EXPO 2007

On April 19-21, 2007, UW-Madison's College of Erggning will be hosting
Engineering EXPO 2007 which is a huge event thdesgned to showcase the exhibits
of students, faculty and staff to K-12 students @nedgeneral public. Out of the 10,000-
15,000 attendees, the majority of them are K-18esits from around Wisconsin, and for
many, it is their only or first experience with lsge engineering. We will be there to
present our zero gravity research, explaining wity llow we are studying dynamic fluid
flow due to capillary forces in microgravity, anesview of the RGSFOP, and
opportunities with NASA such as the Co-op and imééip programs. Our exhibit will
include pictures and videos of our present and @gstriences with weightlessness and
visits to NASA in Houston. In addition to the elitj we plan to give underrepresented
students a more personal learning experience bipgngaome of our team members be
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their mentors and guide small groups through thebets and around the campus.

20.5.3 CAP ZeroG Website

The CAP ZeroG website (http://homepages.cae.@dsé-rmzerog/) is designed
to let the general public know about our reseaschvall as a place for our members to
find more information such as the proposal, picuesnd useful links. This website plays
a vital role because others interested in our rekd@ave contacted us after looking
through our website such as Sheila Sullivan, aipeysacher at the Hmong Academy
School, and new team members.

20.5.4 WI Engineer Magazine

The WI Engineer Magazine is a part of the Engimgp€ollege Magazines
Association and is student run. It is publishadl fiimes a year. Team member Pete
Penegor is on the photography staff, so he spottethe editor. The magazine will
publish an article about our microgravity experendVe will use this as a tool to
encourage more student and faculty involvementedkas to generate funding for next
year’s project.

20.5.5 Wisconsin International Scholars Program (W ISc)

The Wisconsin International Scholars Program gwedergraduates the
opportunity to add an international dimension witeducation while they undertake
their regular degree program. Scholars must ajopilye program when applying for
admission to the university as a freshman, sodbmpetitive to get in. The program
provides many international academic and co-cuarcactivities including studying
abroad. One of the activities is to share amohglacs what extracurricular activities
each person is involved in on campus. Mai Lee Ghaitl share with them the
importance of our capillary research experimentigmdpplications.

20.5.6 American Institute of Aeronautics and Astro  nautics (AIAA)
Presentations

Most of our team members are a part of the localesit chapter of AIAA. At the
monthly meetings, we will update everyone on tlatust of our experiment progress as
well as provide the opportunity for our memberslisruss the implications of our
research in greater detail. Two members, Mai Llean@ and Lisa McGill, will be
presenting our first capillary experiment in thesen called "Future Exploration
Leaders Networking Event" at the AIAA Exploratioo@erence in Houston on
December 5, 2006.

20.6: Community Outreach Through the Media:

20.6.1 Badger Herald

The Badger Herald was started in 1969 as an alternative voice on aamp
Currently, it is the largest independent daily casipewspaper in the nation. We will be
able to reach the majority of the University of \4asin student population through this
newspaper. After conducting our experiment, wendtto write an article for
publication inThe Badger Herald with a focus onncreasing non-engineering students’
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participation in microgravity research.

20.6.2 The Daily Cardinal

The Daily Cardinal has been around since 1892. It is an award winstingent
newspaper that is published weekdays and circutat#8,000 people including the UW-
Madison and the surrounding community thus allowisdo reach a more diverse
audience. Once we have completed our experimentyiwsubmit our findings to the
paper with the intention of getting more studefasulty, and community members to
become interested in zero gravity research asasalinderstanding the significance of
this kind of research.

20.6.3 Madison Observer

The Madison Observer is an independent, student-run publication thstritutes
on a bi-weekly basis on campus and in the Madisea. aHistorically, Madison residents
have a strong interest in science and academiaviiVeontact The Madison Observer in
hopes of submitting an article for publication. iSThewspaper will allow us to reach out
to the greater community and not just the studantsfaculty on campus. Again, we
hope to increase the campus’s and community’sasteén microgravity research.

20.6.4 The Wisconsin State Journal

The Wisconsin Sate Journal is Wisconsin'’s official state newspaper and is
distributed throughout Wisconsin. In the past,ribe/spaper’s reporters have traveled
with us to Houston during our flight week. Respesgegarding the articles
demonstrated thathe Wisconsin Sate Journal is an excellent way for reaching to areas
across the state thaight not otherwise be aware of the NASA opporiesiavailable to
students. We would like to continue to share oseagch findings with the public by
planning to work closely witfthe Wisconsin State Journal this year.

20.6.5 FutureHmong Magazine
As described in Section 20.2.2.

20.6.6 Hmong National Radio
As described in Section 20.2.3 .

20.6.7 Oshkosh Hmong Local Channel 2
As described in Section 20.2.4.

20.6.8 Asian and Pacific American Council Prodigy (APAC) Prodigy
Newsletter
As described in Section 20.3.3.

20.6.9 WI Engineer Magazine
As described in Section 20.5.4.
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V. Administrative Requirements

Letter of endorsementandStatement of Supervising Facultyto be included in mailed

hard copy.

21. Funding/Budget Statement

Funding/Budget Statement

Iltemized Budget Table
Materials
Inner containment tank

materials
Bolts, connectors, etc.
Total
Chemicals
De-ionized water
Dyes
Total
Electronics
Resistors, breakers, etc
Actuator
Actuator controls and
connectors
Video Camera
Total

Travel
UW Fleet Vehicle
Added mileage costs
Hotel in Houston
Food

Total

Project Total

Current Sources of
Funding

$100/ea
$0.50/ea

$10/liter
$5/0z

$2/ea
$200/ea

$100/ea
$350/ea

$27/day
$.16/mile

$125/night
$100/person

30

10

H

10

2600
10
8

Wisconsin Space Grant Consortium (Travel

Costs)

UW Space Science and Engineering

Center

$100
$15
$115

$10
$5
$15

$20
$200
$100

$350
$670

$270
$416

$1,250

$800
$2,736

$3,536

$2,000

$2,000
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UW Engineering Physics Department $500
UW Mechanical Engineering
Department $500

Total $5,000

22. Experiments Involving Animals

Our experiment does not involve animal test subject

23. Parental Consent Forms

All team members are over the age of 18 at the tipoposal.
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