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SavienneniaiNeontrolfé Life Support Systems
| ECLSSs)
-

_ EId bl NOINEHEVWEM SSPIECE IMISSIONS

- B Ineluce Elr, Mter termal anadl ether associated
SYSIEMSNENMEata MOonItoring)

ECanNENsIEVILY/aCeElEration sensitive due to the

fldsPaEsEstaneE)/or solids/particulates contained in
these systens, their size/capacity, etc.
Close ties to fiuidl physics, heat transfer and other science
disciplines
These systems must be designed to be “gravity-
insensitive™ and/or be thoroughly analyzed/tested to

ensure operation across gravity levels
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SUIMEVAEESIOIESEIERtfiIC Interest for Flight
EXPERIMENtS

w Palatad flignt 9xperds &s 0 Understand basic
IREPIESRUEERGWERBIRPatIal=gravity: may Iinclude:
= Cogriple iltids
Sefimetereals Wherelintermolecular forces and interfacial
PHERGINENENPIaY aHaIgE role

- Examplés: eamsy liquidicrystals, granular media

Ipitariziclzll Priggeienle

ElbidNnteractions fior liguid-gas and solid-liquid-gas systems

Exampless capillary’ phenomena, dropsiand bubbles,
Coaleseence andlaggregation phenomena

Biofluids

A cross between ! fluid physics and biology, and a new area of
emphasis

Examples: cell culture conditions, physiological systems (e.g.,
redistribution of fluid in the body)

B
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SEIMENAREESIORSEIEnLIlic Interest (cont'd)

1l Siczl o] .

@ g ENORCES alfiecting flow: instabilities change

& tengie
gHiterinduced fiows; thermocapillary: phenomena
JJ\/ and Heat Transfer

Iow fbid dymamics is strongly dependent on gravity or lack
sally there are;large density differences between the phases

ieégimes, condensation, pooll boiling
These sys ems are needed for future power system, thermal management
and life support designs

Futtire Exploration Systems Design

The conduct of résearch to obtain fundamental understanding and
achieve breakthroughs to enable safer, more efficient, more productive,
and more affordable human exploration programs

Examples: specific gravity-dependent phenomena (flows through packed
beds), dust behavior in extraterrestrial environments
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ivAVicre=andy/or Partial Gravity
HIEEXPE Iments

TOETNEARaSAVIEN r?earch/testlng IS required in the
Virenment oatealate simulation of this environment
=9 Jluﬁzgl vehicle), to (e.q.),
250 \/I)ormades didNRCErEaserlnderstanding related to basic fluid
IySIESAER R IaNSTES;, ELC,
LES Jgemr# gRsystem|(S)Iprioy to implementation on-orbit, to verify
the s SIERS) NP Lo flight, reduce on-orbit anomalies and
mgintenance/repalr, Validate planned operations, etc.

sUppert technelogy: development for future human and robotic
SPaCe MISSIONS, ete.

Examples:

For multiphase flows, the absence or reduction of gravity provides
that surface tension plays a more dominant role

For biological water recovery systems, it is unknown what affect
the microgravity or reduced gravity environment has on
m |Cr00rga n Isms NASA Johnson Space Center
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o Immob]l]z%VQ gherMicrogravity Water
S PeEESsIERSYstem (IMMWEPS) Flight
| A;ﬁXpe INENT

Internationl Space Station Water Recovery
Systen Conauctivity Sensor

Two-Phase Flows in Partial Gravities
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IinEIIZEERIYICIONE Microgravity
eI OEESSIRERSYSstem (IMMWPS)
SiElNEXPErment

UVMVESHSGRECHIO 90y, demonstiration of a primary
wrjcar groce@r sEsIgnpropesed! for future upgrades to
thENREMBuBRaINSpace Station (ISS) and/or other

:J:JJ‘, -

e everalipurpose off IMMWEPS s to evaluate the ability
Of microorganisms; to biologically' degrade wastewater

contaminantsSin armicrogravity: environment
utilizes a Microbiall Processor Assembly (MPA) inoculated with facultative
anaerobes to convert organic contaminants in wastewater to carbon dioxide and
biomass
Also includes a novel vortex separator, fluid bags and hoses, etc.; provides

for an interesting fluids management experiment as well
8
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IZEENVIICropE Microgravity Water
Frocessine) s ySLEN) IMMWPS) Flight
EXpEmeEnt (cont'd)
SIEEEYASc ENIE s n?e eI the flight unit was
PIEOSEGENIONIE (*om gied toer that off @ ground control
EXPENINET
INOES Jroc testing conducted to verify the performance

" ERaNePETations) pre-flight showed flaws in the design and
PIERNECREPEELBNS thatWere corrected (see Hurlbert et al.
(2002) fortull description)

The bielegical nature of the experiment results in
long| time-constants, thus driving the need to
eventually' completeran orbital flight experiment

STATUS: IMMWPS is'now in bonded store awaiting a
flight opportunity (originally designed for testing in
the Space Shuttle Mid-Deck)
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VIVVIPS limages

AVIONICS BAY 2
SLEEP STATIONS

AVIONICS BAY 1
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LOCKERS
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IEiiieionaliSpace Station
WELEIRIRECOVEN/ System
QYRS NeBRENCEIVity: Sensor

ISOISAVENE md f& the Water Processing Assembly (WPA)

Ie 5 ]
B [rie oritnzry pur@e IBIRUIESEISENS0rS Was te imsure the quality of
W etEIRCOmI NG HE PIOCESSING| SYStEm
= ElgnIRIEd MWEEIRISIAEtEcted by the sensor downstream of the ion
S EYGIENEENIED Na 3EWaY solenoid valve activates and returns it to the
PHOCESSIENGD]Y
Grounditestingrsiowed that the sensoer did not work in every orientation
relativerto 1-g

Operation’ off the sensor was assisted by buoyancy (i.e., the
tendency/ off a bedy: te float or rise when submerged in a fluid;
resultant upward force equal to the weight of the fluid displaced
by the body)

Buoyancy is a gravity effect and will not be present in zero-g

STATUS: the sensor was re-designed for “flow through” to
accommodate operations with two-phase flow
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MVeEPhiESE Flows
e el Gravities

B Tyo-Phiase Flows zre dEiined a5 having
LENIGIERETIE N B POIPIIEEES 01 alWOrKing
fw OWINGRGEENEINI 2 SYStEm.

SIGRIHEE i AVEIEPESNON Space
Systems desIgniGanrve; iealized

heat canibe added or subtracted at a
constantitemperature

up to an 80%: savings In; system power and
mass for thermal controll systems (Ungar
(1993))

use of bioreactor-based water reclamation
and recycling system can reduce mass,
power, volume and complexity (Hanford

( 199 7)) NASA Johnson Space Center
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IVVOERIRASE FIOWS
IaEehtigiNEEVities (cont'd)
b
- A grouncﬁ‘g SulicyAWas, funded through a grant

WisameENURIVersity el Houston under the
dVeeERNiErSUpport Program

”»

IISAWaSIEENSE stldy: that investigated two-
PRESENIOWIdYNamICS andl scaling with validation
datal across eur gravity: levels (i.e., Earth, Mars,
Mooen and Microgravity)

Data collected in ground testing (i.e., lab) and
using the NASA KC-135 aircraft

NASA Johnson Space Center
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m A very challericine tase |
o
an\Vifenrriant ir taa KC=

- |
mrmd‘] FaC|I|ty QNSNS -

riclucle Y
’ SiZe gf irle carcfo dyor,

INtEHORWIGENGIRIE cabin, N low
Velfleltiorn Ir) celgln) @eggloeirelitlfe) : ) |:

arta

and . : 7 - - . | | Sravitg.r | \.-
short tmerdiiEbion of the
rFedlced gravity periods.

Operations Issuesiinciude
weather,
pilot’s skills,

45° noge 45° nose

high

altitude (k)

aircraft equipment,

response of your research
equipment, and

the well-being of the test crew.
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I GEEHESEREBIWASEaIING Across Gravity

_

gsemployearusing the Buckingham Pi Theorem,

Asimplificdhse aly gPapproaeimwas realized by using the same working

e e ENSEIENPPEaug temperature and pressure, and matching
the geometnys

The final scaling relationship. for this study was:

Eu Ifn(S,Frf)
or

Eu ] fn(Fr,)

NASA Johnson Space Center
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Figure 6.10 Eug versus Frgfor 2000 and Previous Data for AN-Type and AN-Transition Data with S < 100
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SHEItRINEIGRETEsting &
ouheREelaboration?

Off MICro= and/or partial-g may be much

- U0 prié-test off orbital hardware, studies
( .d., allowsifor system stability), etc

AIMENLS andiareas of research are ready for
NEXNSIG Stepy, and some require human

idetion that can be accommodated on proposed
vehicles

Early testing| can lead to characterization of test
enviromments (e.g., 3-axis accelerations, ops) and
development/evaluation, of standardized services
(e.g., payload rack(s), power conditioning)
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PERINERLS/SUPPERAIEEWaTE Can! 19e
ez)cljed Or € 2EslVACEVEIoped should
cpo SOISIISNSEEEINIEIaVailaldlE

Experienceaieng J eers an@scientists may be t

availalsleereonsulting and/or provision of
SEIVICES '

Suberbital experience may support future
orbital implementation and ops

CHECK OUT:

http://www.nasa.gov/centers/johnson/engineering/main/index.html
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