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Nearly all water processing equipment aboard spacecraft is to a large extent controlled by capillary forces
arising from substrate wetting conditions. Superhydrophobic wetting conditions provide an essentially passive
means to keep water away from certain substrates providing a level of no-moving-parts phase separation and
control. This work presents a host of non-wetting aqueous microgravity capillary fluidics phenomena arising
from interactions with easily fabricated superhydrophobic substrates. The value of such phenomena for
potential life support applications aboard spacecraft is clear, especially for substrate properties that are
thermally robust, corrosion resistant, and self-cleaning for both long- and short-term applications. Large length
scale low-g demonstrations of the phenomena are provided in HD video format for the extensive drop tower
tests conducted. The broader crosscutting impacts to numerous fluids processing operations for life support
are discussed. Current practical applications addressed in light of superhydrophobicity include urine-
processing, water recovery, fire safety, and others.

I. Introduction

In the absence of significant gravitational acceleration, multiphase fluid phenomena is controlled largely by surface
tension and wetting conditions. The latter are characterized by the contact or wetting angle. Non-wetting conditions
have not been exploited significantly aboard spacecraft to date despite their potential to passively repel and thus
passively position liquids in highly advantageous ways. In this paper we provide a brief review of the literature
regarding the terrestrial applications of superhydrophobic surfaces, including mention of examples found in nature
and several theoretical foundations. We then provide a brief review of facile methods for producing such
superhydrophobic substrates. Applications of such surfaces within the fluid systems aboard spacecraft are then
discussed following demonstrations of large length scale superhydrophobic capillary phenomena in low-gravity drop
tower experiments.

A class of substrates and surfaces that are strongly repellent to aqueous solutions are called superhydrophobic
surfaces. Over the past 20 years, research into production methods of superhydrophobic surfaces has received
significant attention for their use in a variety of applications including self-cleaning surfaces,'® drag reduction,” anti-
icing and anti-fog surfaces,'®!'* fouling-free surfaces,'>!” fluid separation such as oil-water,'>!° and corrosion
protection for metals.?>?! A special class of surfaces that are simultaneously repellent to aqueous solutions, oils, and
alcohols are called superomniphobic surfaces.??

The wettability of a substrate is defined by the equilibrium contact angle #, and the range of metastable contact
angles above and below 8 defined by contact angle hysteresis. Surfaces with contact angle above 150°, and low contact
angle hysteresis, < = 5°, are classified as super-repellent, superhydrophobic surfaces. Figure 1 provides a common
sketch for three equilibrium wetting conditions: wetting/partial wetting (6 < 90°), neutral wetting (6 = 90°), and non-
wetting (6 > 90°). A surface is considered superwetting when 8 = 0°. The equilibrium contact angle on a smooth
surface has been defined by Young’s relation

Ogy = O-SL+0-LVCOSG7 (l)

where a;, 05y, and ag;, are the surface tensions of the liquid-vapor, solid-vapor, and solid-liquid, respectively. Figure
2 illustrates the interfacial force balance at the liquid-solid-gas contact line. According to Young’s relation, to achieve
large contact angles, the free surface energy gg, must be proportionally small. Young’s relationship has an apparent
theoretical limit of ~ 120° for water.?>?** The maximum experimentally observed equilibrium water contact angle on
a smooth surface observed in practice? is 130°.

Despite this apparent limit, many surfaces exist in nature that are superhydrophobic, with contact angles greater
than 150°. The legs of water striders,?6-8 various plant leaves,?-3! the eyes and wings of numerous insects,?>~** and the
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backs of the Stenocara beetles®>-*® are all superhydrophobic. Oleophobic surfaces have also been observed in nature

on the shells of Tetrodontophora Bilanensis and Orthonychiurus Stachianus, both soil dwelling arthropods.*>*° The
common feature allowing all of these organisms the enhanced ability to repel fluids is the presence of micro/nano-
scale surface roughness. Wenzel*! was perhaps the first to consider surface roughness effects on contact angle

cos8* =rcosé, 2)

where 6" is the apparent contact angle and r is the roughness ratio defined as the ratio between the area of the rough
surface to the area of the projected surface with no surface roughness, 1 = A,y gn/Asmootn- Figure 3a provides a
schematic of a droplet on a rough surface in a Wenzel state. The Wenzel model considers a fluid that is in total contact
with all surface features. The roughness ratio for a smooth surface is » = 1, and for a rough surface » > 1. It is apparent
from Eq. 2, also known as the Wenzel model, that the roughness ratio enhances both wetting and non-wetting surface
characteristics. That is, if 8 < 90°, 8" < 6, but if 8 > 90°, 8" > §. The Wenzel model can predict droplet behavior in
certain circumstances, but has limited value in others. The Wenzel model does not imply any upper limit on the
roughness ratio, and does not take into consideration surface features of varying length scales.
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Figure 1: Liquid drop on a surface displaying (a) partial wetting, (b) neutral wetting, and (c) non-wetting states.
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A second Cassie-Baxter model** takes into account n different surface features

cos6* =1 ficosb,;, 3)

where f; is an interfacial area fraction and 6; the equilibrium contact angle predicted from Young’s relation. Eq. 3 is
a general form and can be simplified by recognizing that two characteristic interfacial area fractions exist such that
fiv + fisi=1, where f; 1, is the liquid-gas interfacial area fraction and f; s; is the solid-liquid interfacial area fraction.
Substituting cos 8; ;, = — 1, and assuming a homogenous material and a single characteristic roughness, the Cassie-
Baxter model simplifies to

cos8* = fg; (1 +cosB) — 1. 4)

Eq. 4 predicts the equilibrium contact angle of a droplet on a surface in the Cassie-Baxter state. The Cassie-Baxter
model, unlike the Wenzel model, assumes that the liquid does not occupy the surface features. Instead, the liquid is
only partially in contact with the solid. A liquid droplet in the Cassie-Baxter state is depicted in Fig. 3b. It can be
shown via Eq. 4 that a fractional value for f5; drastically increases the apparent contact angle. Surfaces that promote
the Cassie-Baxter state have been used to achieve highly non-wetting characteristics with contact angles > 150° with
low contact angle hysteresis < + 5°, since the liquid droplet is in large part in contact with completely non-wetted air.
Surfaces with more than one characteristic roughness feature are known as hierarchical surfaces, a feature that has
been used to generate super-repellant surfaces that are superomniphobic.*’

Thus, to achieve superhydrophobicity, a surface must have low surface energy, and must have at least one
characteristic surface roughness length scale. Contact angle hysteresis is also a critical parameter for characterizing
superhydrophobic surfaces. Contact angle hysteresis is defined as the difference in advancing, 8, and receding, 6,
contact angles on a solid substrate, 8, — 0. Shown in Fig. 4 is a stationary droplet on a tilted surface in a gravitational
field with advancing and receding contact angles labelled. A surface with low contact angle hysteresis has a small
difference between advancing and receding values. Droplets readily slide or roll across such surfaces with high contact
angle and low contact angle hysteresis, whereas droplets on surfaces with a high contact angle and large contact angle
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hysteresis move with an erratic stick-slip motion. Contact angle hysteresis arises from chemical and topographical
variability in a surface. To achieve super-repellent surfaces, homogenous surface roughness and chemical composition
are sought.
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Figure 3: (a) A droplet on a rough surface in the Wenzel state.
(b) A droplet in the Cassie-Baxter state on a hierarchically rough
surface with a large surface roughness and a smaller secondary
surface feature atop the larger surface roughness.

Figure 2: Force diagram of the three-phase
contact line and relevant parameters for
wetting.

Numerous advances have been made in the
manufacture of superhydrophobic surfaces. There is a
class of simple surfaces produced by chemical etch and
immersion methods that provide an inexpensive means
for producing superhydrophobic surfaces on metal
substrates.** Such methods have the potential for
production of superhydrophobic surfaces on complex
geometries. Zhang et al.*> developed an easy, one-step
manufacturing process for the development of
superhydrophobic surfaces on aluminum using a
hydrochloric acid (HCI), ethanol, and myristic acid

Figure 4: A droplet sliding on a surface with advancing

contact angle, 64, and receding contact angle, O. immersion method. The HCI chemically etches the

aluminum surface, producing a hierarchically rough
surface texture on the aluminum, while the myristic acid functionalizes the aluminum surface by depositing long chain,
low-energy molecules (-CH» & -CHj3 groups) on the surface, rendering the aluminum superhydrophobic and exhibiting
static water contact angles (SWCA) up to 160°. Wu et al.* highlight the increased reproducibility of aluminum
superhydrophobic surfaces produced by acid etch and chemical functionalization. The use of an oxalic acid and HCI

mixture for aluminum surface etching was found to produce a more homogenous microstructure. Li et al.*’

demonstrate added corrosion resistance to aluminum superhydrophobic surfaces by employing a potassium
permanganate passivation step after acid etch and before an immersion coating step wherein the substrate is immersed
in a solution of ethanol and 20 mM trichlorosilane. A superhydrophobic surface with SWCA of 153.5° and corrosion
resistance to saltwater was produced. Other studies have employed modified versions of acid etching and surface
functionalization seeking improved non-wetting capabilities as well as other unique substrate surface properties. Facile
fabrication of aluminum surfaces with anti-icing characteristics,*®->? surfaces functionalized using stearic acid for
fluorine-free superhydrophobic surfaces relevant for environmentally friendly marine applications,’>** and surfaces
that are thermally stable,*® and others’7 have been developed using this method.

Facile coating methods have been employed for fabrication of superhydrophobic surfaces on various host
substrates. Nanoparticles suspended in solutions that functionalize particles with low-energy coatings have been
applied using curtain-coating,*® electrospinning,™ spin coating,®® and dip coating methods.®"*> Li et al.®*> produce
superhydrophobic surfaces by brush coating a solution of titanium oxide nanoparticles modified in an ethanol-
triethoxyoctylsilane solution. Gao et al.* produce superhydrophobic cotton surfaces by dip coating cotton in a solution
of titanium oxide functionalized by n-octyltriethoxysilane. Spray coating methods have also been investigated for easy
fabrication of superhydrophobic surfaces.®%7 Li et al.®® construct superhydrophobic surfaces on various substrates by
spray coating a solution of amorphous silica nanoparticles, ethanol, and Trimethoxypropylsilane, achieving SWCA of
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158.5°. Qahtan et al.* spray coat candle soot immersed in various solutions of acetone, isopropyl alcohol, and ethanol
to produce superhydrophobic surfaces on metal substrates. Hancer & Arkaz’® achieve SWCA greater than 178° on
various substrates using a spray coated solution of silicon dioxide nanoparticles, functionalized by
perfluorodecyltrichlorosilane, in a poly silicon matrix. Wei et al.”! spray coat a mixture of silica nanoparticles,
Methyltriethoxysilane, 3-[(Perfluorohexylsulfonyl) amino]-propyltriethoxysilane, and water on aluminum and glass
substrates, producing syperhydrophobic surfaces that are also omniphobic, with SWCA of 158° and static contact
angles of 148° and 134° for glycol and hexadecane, respectively. Chemical vapor deposition processes have also been
studied for production of easy to produce superhydrophobic surfaces.’>”>

Nearly all fluid systems aboard spacecraft are dominated by interfacial fluid phenomenon, which is to a large
extent determined by substrate wetting conditions. Superhydrophobic surfaces have numerous applications for
spacecraft water systems. Anti-fouling surfaces for fluid transport, liquid-gas and liquid-liquid passive phase
separation, condensing heat exchanger surfaces,’® and urine-water recovery are a few such applications. Herein, only
facile methods for the production of superhydrophobic surfaces are outlined. Capillary fluidics experiments,
conducted in the microgravity environment of a drop tower, demonstrating phenomenon arising from interactions with
easily fabricated superhydrophobic surfaces are presented. Current applications of superhydrophobic surfaces for use
in spacecraft fluid systems are discussed.

II. Experimental

A. Drop Tower and Function
A drop tower”’ is employed in this work to simulate microgravity conditions. An image of the facility is shown in

Fig. 5. A touch screen computer
allows a single operator to safely
operate the drop tower assisted
primarily by automated functions
for quick experiment turn around,
up to 20 drops per hour. An
experiment rig is installed into a
drag shield and released into
freefall for 2.1 s. Figure 6 shows an
example of an experiment rig inside
the drag shield. The experiment rig
and drag shield are released
simultaneously. The drag shield is
guided by two non-contacting
cables. Two metal fins mounted to
the sides of the drag shield pass
through permanent magnets at the
base of the tower. The relative

- - —_— . motion between parallel magnetic
Figure 6: An experiment rig hanging fie]ds and drag shield fins generate
inside the drag shield of the drop tower. eddy currents in the fins that resist
: Both the experiment rig and the drag i(he motion and decelerate the
Figure 5: The 2.1 s drop ghijeld are released at the same time. The falling masses which come to rest
tower. Image from Wollman experiment rig is allowed to fall freely ., foam pads. See Wollman” for
and Weislogel.” inside the drag shield. Image from frther details.

Torres.*
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B. Production of Super-Facile Superhydrophobic Surfaces

Superhydrophobic surfaces requiring the most elementary of methods and materials for production have been
developed and utilized in these studies. We define such surfaces as ‘super-facile’ surfaces. Superhydrophobic surfaces
with SWCA of > 150° and roll off angles < 5° have been produced by spraying commercially available Dome Magic™
Polytetrafluoroethylene (PTFE) spray on sand paper of varying grit sizes (200-2000 grit). The PTFE spray is applied
in three lapping passes 15 cm away from the substrate.

Cytonix WX2100™ one-step superhydrophobic spray is a commercially available product that is a fluorine-based
spray that creates nanometer sized surface features. Shown in Fig. 7a is a scanning electron microscope (SEM) image
4
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showing the surface with nanometer-scale features. Rust-Oleum Neverwet™ spray is another commercially available
solution, a silicon-based spray that also forms nanometer-scale features, as shown in Fig. 7b. Both sprays provide
similar ease of application and performance for purposes of the present demonstrations.

A super-facile production method of a thermally stable superhydrophobic surface has been employed for high-
temperature applications. A surface is coated with candle soot until completely blackened. The surface is then sprayed
with Dome Magic™ PTFE spray in two to three lapping passes 15 cm away from the substrate. The PTFE spray acts
as a binder for the fragile soot producing a mechanically robust surface that is also thermally stable. This surface has
been repeatedly used in experiments where surface operating temperatures exceed 220°C with negligible losses in
wetting characteristics.

ITI. Low-g Demonstrations and Applications

A. Liquid Rebounds from Superhydrophobic Surfaces

A host of drop tower experiments have been conducted demonstrating and investigating large length scale
interfacial fluid phenomenon arising from interactions with superhydrophobic surfaces. In a microgravity
environment, the length over which capillary forces are significant increases 1000-fold leading to enormous surface
tension-dominated phenomena dictated often by the nanoscale wetting conditions of the system. For example, Attari
et al.®! demonstrate that large droplets (puddles) deposited on superhydrophobic surfaces in a terrestrial gravity
environment spontaneously jump when experiencing a step reduction in gravity. This phenomenon has been coined
‘puddle jumping.” Figure 8 shows a
series of images of a 2 mL water puddle
jumping from a superhydrophobic
surface in the microgravity environment
of a drop tower. Upon experiencing a
step reduction in gravity (a) the puddle
reorients into a sphere, resulting in (b) a
collision of capillary waves, which
overcome the negligible adhesion forces
between the fluid and superhydrophobic
substrate, resulting in the puddle (c)
detaching from the surface with (d-e)

. 'mag ® HV + cur |det mode HFW ——300 nm—— % g ® HV curr  det mode HFW ——300 nm—
. 0000x 3.00kV 13 pA TL

100000 3.00kvV 13pA TLD BD  1.27 pm

2 LI, S constant velocity despite a variety of
Figure 7: SEM images of (a) Cytonix WX2100™ and (b) Rust-Oleum ¢ ijjation modes.

surface coatings.

Neverwet™

t=0s 0.05 0.13 0.23 0.37
Figure 8: (a) A 2 mL puddle of water flattened under the force of gravity. (b) The droplet reorients into a sphere
in microgravity. (c) Collision of capillary waves due to droplet reorientation propel the droplet off the surface
with constant velocity and vertical modes of oscillation (d) & (e).%!

Puddle jumping phenomenon is a convenient droplet deployment method that has been applied in numerous
microgravity experimental works including quantifying electrostatic forces on droplets®® and droplet impact
experiments,’® such as dynamic Leidenfrost impacts.®! However, droplet oscillations produced during the puddle
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jumping process are undesirable for experiments sensitive to droplet oscillation modes at impact. A microgravity,
oscillation-free, droplet generator, referred to as a ‘Logan Shooter,’ is a device that was developed for passive non-
oscillating drop deployment.?%8485 Figure 9a shows a schematic of the shooter. The Logan Shooter consists of two
superhydrophobic surfaces forming a wedge. A volume of water is dispensed near the narrowest point of the wedge.
Large liquid volumes form puddles. At initiation of the drop tower test the ‘puddle’ jumps from the surface in an
attempt to establish a sphere. However, the water is confined by the wedge which induces a capillary pressure gradient
in the confined droplet that drives it out of the wedge. Oscillations in the drop are substantially damped during the
ejection process. Figure 9b shows a Logan Shooter with 5° wedge half-angle ejecting a 10 mL droplet of water free
of oscillations. Figure 10 shows a 30 Hz image overlay of a 1 mL droplet of water ejected between two parallel
superhydrophobic plates using a Logan Shooter. The plates are separated by a distance of 13.5 mm, with overall length
of 127 mm. The droplet has an
initial velocity of 31.9 cm/s and
final velocity of 23.2 cm/s. The sum
of incident and reflection angles,
6; + 6,., increase from 93° to 100°
over the course of five bounces.

Jet  impacts on  super-
hydrophobic surfaces in
microgravity have been studied
extensively.®*%° Figure 11 shows an
V= 10mL image of a large jet impacting a
a=5.0 superhydrophobic  surface  in
©) ; microgravity. The 6 mm diameter

jet impacts with a Weber number
Figure 9: (a) A schematic of the Logan Shooter with half angle, @, and a  jcfined as the ratio of inertial to
droplet confined between two superhydrophobic plates. A capillary ¢ iface tension forces We =
pressure gradient arising from the disparity in posterior and anterior radii ,),2p /5 = 214 and a Reynolds
of curvature, R1 and Rq, respectively, forces the droplet out of the wedge ,,,mber defined as the ratio of
with a velocity, u. (b) A Logan Shooter with 5° half-angle ejecting a 10-mL

droplet of water.%

inertial to viscous fluid forces Re =
puD/pu = 3005. The incoming
impact angle is 17.6° resulting in a
perpendicular Weber number of
1 ol 1.9. The jet is flattened upon

~ g |_1/ A ' \ % ‘. impact due to inertial forces and
il 5 \IV_’I rebounds into a cylindrical jet due

Figure 10: A 30 fps overlay image of a 1 mL water droplet ejected with a to surface tension forces. In effect,
Logan Shooter between two superhydrophobic plates. Plates are separated the jet bounces off the surface.
by a distance of 13.5 mm with total length of 127 mm. The droplet velocity Such impacts have been studied

decreases from 31.9 cm/s to 23.2 cm/s and 6; + 0,. increase from 93° to 100° extensively,*® mapping stable and
over the course of five bounces. unstable impact regimes.

Figure 11: A large 6 mm jet impacting and rebound from a superhydrophobic surface in a low-gravity
environment. Image from Cardin.%

B. Inhibition of Surface Fouling During Microgravity Transport of Aqueous Fluid Streams
The wetting characteristics of many aqueous solutions on superhydrophobic surfaces are often similar to those of
pure water. Figure 12 provides a plot of contact angles for water, urine, and aqueous solutions of 25 g/L NaCl, sugar

6
International Conference on Environmental Systems



and KCl on a superhydrophobic surface
consisting of candle soot and Dome Magic™
PTFE spray applied to an aluminum substrate.
All of the liquids exhibit contact angles > 150°
and are within the standard error of water contact
angle measurements.

Transport of waste-water streams in
microgravity has proven a challenging problem
due to biofouling surfaces on system
components and plumbing; i.e., urine streams.”"-
%2 The non-wetting characteristics of urine on
superhydrophobic surfaces offers attractive
opportunities for applications of non-wetting
surfaces to separate, contain, and transport urine
streams in microgravity. As an example, an
experiment modelling the current operating
conditions of the urinal funnel and hose system
of the ISS potty was conducted.”>”” Two half-
sections of 5.08 cm ID polyvinyl chloride (PVC)
pipe were used in the tests. The inside of one
half-section was coated with a
superhydrophobic coating. Figure 13a provides
a schematic of the experiment. A 100 mL
volume of urine is poured into the half-pipe at a
flowrate of 1 Lpm. The experiment is repeated
every two to three hours for over one month.
Figure 13b shows an image of the
superhydrophobic half-pipe interior (above) and
the non-hydrophobic half-pipe interior (below)
after the first day of experimentation. A red box
over a region on the non-hydrophobic half-pipe
(Fig. 13b, bottom) shows initial signs of dry
discolored urine residue on the non-hydrophobic
pipe. Figure 13c shows an image of the same
pipes after 31 days of testing. Discoloration of
the uncoated pipe appeared at the first day of
testing. The first signs of contamination for the
superhydrophobic half-pipe were not detected
until the 31* day of testing (see red boxes). Mass
measurements of the PVC pipes over the span of
42 days of experimentation show an average
increase in mass of 3.1 mg per experiment for
the non-hydrophobic half-pipe, and an average
increase in mass of 0.5 mg per experiment for
the  superhydrophobic  half-pipe. = These
preliminary results demonstrate what might be
crudely approximated as 30-fold increase in
surface life for the superhydrophobic surface
compared to the non-hydrophobic surface.

C. Non-Contact Distillation

A novel, non-contact, heat-driven distillation
method has been investigated to address
NASA’s water recovery challenge.”® The
method exploits the Leidenfrost phenomenon to

ror ® Water
Urine
m 25 o/ KCI-Water
165 x 25 g/l NaCl-Water
+ 25 g/L Sugar-Water
= i
L 160 | I u
> i I t
< e
3 i s
= I
= 1551 i
S
© R T [ ]
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150 4
145 ' ' : . .
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Figure 12: Contact angle results for water, urine, and aqueous
mixtures on a superhydrophobic surface made of candle soot
and Dome Magic™ PTFE spray.

(@)

0> 150°

0 < 80°

Figure 13: (a) Sketch of tests where urine is poured at 1 Lpm
into a tilted PVC pipe. Images of the superhydrophobic (above)
and non-hydrophobic (below) interior surfaces of PVC pipes
after (b) 1 day and (c) 31 days of exposure. Red boxes highlight
buildup of dry urine residue.
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perform distillation of droplet streams of waste-water. When a substrate’s temperature is significantly higher than the
liquid’s boiling temperature, a droplet dispensed on the substrate will not undergo nucleate boiling, but will instead
levitate on a layer of its own vapor. This vapor layer insulates the droplet from the heated substrate, reducing heat
transfer to the liquid drop by orders of magnitude. Levitating droplets are not in contact with the surface, eliminating
nucleation sites for bubble formation. This contact-free mode of distillation has potential utility for addressing the
urine water recovery challenges in a fouling-free system.

The Leidenfrost distillation method is enhanced by superhydrophobic surfaces. Superhydrophobic surfaces have
been shown to dramatically decrease the Leidenfrost point temperature of water.”* Dynamic Leidenfrost impact
temperatures have been observed to decrease from 206°C on an aluminum surface to as low as 130°C on a
superhydrophobic surface.”® Figure 14 shows a series of 15 Hz images taken of a 1.3 mL water droplet in microgravity
impacting a superhydrophobic substrate held at 140°C. A Logan Shooter is used to eject the water droplet free of
oscillations toward the heated substrate with a normal velocity of 13.0 cm/s and a perpendicular Weber number of 3.1.
The droplet impacts the substrate and elastically rebounds without undergoing nucleate boiling. The reduction of
Leidenfrost temperatures helps reduce energy consumption required for essentially non-contact Leidenfrost
distillation. Superhydrophobic surfaces in conjunction with the Leidenfrost vapor layer separation provide an

additional protection against contact between fluid and substrate.®

Figure 14: A sequence of 15 Hz images of a 1.3 mL water droplet impacting a planar superhydrophobic surface
held at 140°C in a low-g drop tower test. The droplet is ejected using a passive Logan Shooter free of oscillations
and normal to the substrate at 13.0 cm/s with a normal impact Weber number of 3.1.%

IV. Conclusion

The recent advances in easy-to-fabricate superhydrophobic surfaces are readily applicable for low-g
demonstrations leading to practical applications in fluids handling aboard spacecraft. Such surfaces requiring simple
production methods have gained significant attention in the past two decades. Desirable surface properties include
thermal stability, corrosion resistance, wear resistance, bio-compatibility, and chemical stability, among others.
Because such surfaces offer the potential for low-contact or even contact-free fluids handling aboard spacecraft,
significant decreases in surface contamination might be achieved prolonging design life while reducing spares, mass,
volume, costs, and crew time. Superhydrophobic surfaces offer a host of valued characteristics for spacecraft fluids
systems including increased thermal stability, corrosion resistance, resistance to mechanical abrasion, and more. The
use of superhydrophobic surfaces in a selection of demonstrative drop tower experiments have been briefly presented
herein which identify a variety of large length scale interfacial microgravity fluid phenomenon ranging from jumping
puddles, to rebounding droplets, to bouncing jets, to non-contact low-g distillation exploiting superhydrophobic
surfaces at or above the Leidenfrost temperature. Such demonstrations suggest that current life support system
applications susceptible to biofouling plumbing may benefit greatly from the immediate deployment of such surfaces.
The utility and potential performance improvements of fluid-based systems for these surfaces is high per unit design
effort. Further low-g demonstrations are encouraged as well as the development of a suite of flight certified
superhydrophobic substrates that might be employed in the life support systems aboard spacecraft.
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