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This paper describes the Capillary Structures for Exploration Life Support (a.k.a. 

Capillary Structures, or CSELS) ISS experiment developed to study the use of container 

geometry to passively manage fluid and gas mixtures in the microgravity environment aboard 

the International Space Station. The payload evaluates capillary structures relevant to (1) 

evolve water recycling and (2) carbon dioxide removal technologies, benefiting future efforts 

to design lightweight life support systems with increased reliability for future space missions. 

The water recovery system evaluated is called the Capillary Evaporator demonstration 

focuses on the nature of capillary wicking, stability, and evaporation for single and 

multicomponent mixtures simulating spacecraft waste water streams (i.e., brine) required of 

life support equipment. Specifically, the impact of pore size, shape, connectivity, and contact 

line length on drying performance is evaluated from both scientific and engineering 

demonstration perspectives.  The carbon dioxide removal system evaluated called the 

Capillary Sorbent demonstration and experiments, concerns CO2 removal from air using a 

regenerable liquid sorbent. The science component of the Capillary Sorbent experiments 

evaluate passive open parallel capillary channel flows of poorly wetting liquids while the 

technology demonstrations prove sub-scale system performance for non-toxic viscous ersatz 

fluids. 
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I. Introduction 

arly 2016, the NASA Johnson Space Center (JSC) awarded a fast-to-flight project to develop an experiment to 

study capillary-based technologies aboard the International Space Station (ISS). IRPI and JSC personnel partnered 

to plan and design a simple, single-crew member tended experiment that would provide significant data to further life 

support technologies associated with water recovery from brine and removal of carbon dioxide (CO2) from air. The 

flight experiment was entitled Capillary Structures for Exploration Life Support (CSELS). Because CSELS 

investigates two separate technologies, the experiment was broken into two parts: (1) Capillary Evaporator (CapEvap) 

focuses on the fluid mechanics of a water-from-brine recovery system, and (2) Capillary Sorbent (CapiSorb) centers 

on the microgravity fluidics of a CO2 adsorption/desorption system for the removal of CO2 from the air. CSELS was 

originally allotted approximately 10hr of crew time with a flight hardware on-dock date of end of December 2016 and 

operations scheduled and initiated in mid-2017. 

Figure 1 shows the 6 kits 

delivered as part of the CSELS 

payload.  The top row shows the 

kits flown to evaluate Capillary 

Evaporator technologie.  These 

are a Capillary Evaporator 

Science kit, and 2 demonstration 

kits to evaluate two different 

concepts.  The bottom row shows 

the kits flown to evaluate the 

Capillary Sorbent technologies, 

the CapiSorb Science kit, and 2 

demonstration kits evaluating 

different aspects of a CO2 
removal technology concept. 

Three experiments, denoted 

by the green shaded tittles, were 

completed aboard the ISS by the 

time of this writing—six more 

are planned: (1) the first 

operations of Capillary Sorbent 

Engineering demonstration 

(7.5hr crew time), (2) the first 

operation of Capillary 

Evaporation tests (2.5hr), and (3) 

the first operation of the Capillary Sorbent Viscous engineering/science demonstration (3hr). Three experiment 

operations have been performed thus far by crew members Peggy Whitson and Jack Fischer. Following a hiatus, 

further experiments are planned and under pursuit by mid-2018. Brief summaries of these operations, implications, 

and directions are provided below following a review of the CSELS experiments. 

II. CSELS Capillary Evaporation Experiments and Demonstrations 

The Capillary Evaporation experiment is made up of two distinct sub-experiments referred to as Capillary 

Evaporation Science and Capillary Evaporator Technology Demonstration. Evaporation on earth is in part controlled 

by buoyancy induced by gravity, particularly for mixtures that form precipitates. The focus of Capillary Evaporation 

Science is to quantify the evaporation rate of target liquids at ambient temperature, pressure, and relative humidity in 

a microgravity environment. The goal of the Capillary Evaporation Technology Demonstration is to show how the 

capillary fluidics of a sub-scale portion of the Capillary Brine Residual In Containment (BRIC) system would function 

in low gravity1,2. Figure 2 shows the 6 different Capillary Evaporation Science articles, each with common features 

that allow them to snap into the test stand and be easily grasped by the crew member. The test articles are 3D printed 

via SLA in Somos 10122 (a transparent resin), hand-finished, and clear coated with polyurethane. Each article is 

approximately 10cm wide, 5cm deep, and 1.6cm tall with a unique set of open structure liquid containers, also referred 

to as ‘pores.’ The design of the different pores affects how liquid passively evaporates from them and comparison to 

ground testing will aid in isolating the effect of microgravity on the evaporation rate. 

E 

 
Figure 1. Summary of the CSELS Experiment Kit 

Capillary Sorbent 
Science Kit 

Viscous Flow 
Demonstration

Series Contactor 
Demonstration

Capillary Evaporator Test Kit

Capillary Evaporator 
Science

Capillary Evaporator 
Demonstration

Foam Infill 
Demonstration

Capillary SorbentTest Kit



 

 

International Conference on Environmental Systems 

3 

The final test stand design, which was completed together with a design team at NASA, allows for 4 test articles 

to be snapped in at any given time. Limiting the test stand (and thus the field of view of the camera) to 4 test articles 

ensures a resolution of 10 to 20px/mm image resolution. This spatial resolution is important for identifying the 

differences in the liquid surface profile for each time-lapsed image. Having 6 test articles and 4 test spaces requires 

selecting a set of primary articles to be tested first, with many combinations available for extra science runs. The 

articles of Fig. 2a, 2b, 2c, and 2d are the primary test articles. 

The test article of Fig. 2a has 8 different pores that are filled with liquid, each pore having the same cross-sectional 

area and height, and initially filled with the same volume of liquid flush to the pinning edge. The two sets of joined 

pores (set of three and set of two) investigate the effects of heat conduction through the sidewalls of the pores. The 

liquid in the pores will decrease in temperature as evaporation occurs and heat will be transferred in from the 

surroundings. Pores with common sidewalls will be more thermally insulated, which might be expected to slow 

evaporation. The three pores on the right of this test article have different interior geometries: a square (90° interior 

angle), an equilateral triangle (60° interior angle), and a right circular cylinder (no interior angle). The cross section 

geometry impacts the liquid free surface shape (dominated by surface tension in a microgravity environment) and in 

turn the rate at which liquid evaporates from that surface. The test article of Fig. 2b has five different pores. The three 

pores on the left of the article all have the same cross-sectional areas and heights, but vary the perimeter or contact 

line length. Because the liquid film is thinnest at the contact line, aiding evaporation, the pore with the longest contact 

line length, at least initially, experiences a faster evaporation rate. Liquid free surface area initially increases as the 

surface establishes a maxmimum constant curfvature from the initially flat confill configuration. The pores on the 

right of this article all have the same cross-sectional area and perimeters, but are different heights. With the same 

volume of fluid deposited in each of these pores, the initial position of the liquid free surface will be effectively 

‘deeper’ in the tallest pore and the liquid vapor will have to diffuse through a longer distance to escape the pore, 

slowing the evaporation rate.  

A test article that holds a highly-wetting foam block (foam not pictured) is shown in Fig. 2c. In this case, the liquid 

container is the foam and not an integrated part of the article (ref. Fig. 3). Using cleverly designed foam patterns as an 

evaporator has been a disruptive idea, but no known quantitative demonstrations of evaporation from a porous media, 

such as foam, have been conducted to our knowledge in low gravity. Figure 3 shows a 4cm by 4cm by 1cm foam 

block that comes equipped with a short piece of clear Tygon tubing extending from one side. The foam is placed 

between the prongs of the test article and saturated with liquid (~16mL) using a plastic syringe with tip. The short 

piece of tubing is removed from the foam, filled with the syringe, and gently secured back on to the foam so a full 

slug of liquid fills the tube making a continuous liquid connection with the foam. As liquid evaporates from the foam 

block the wetting foam draws in fluid from the tube and the meniscus recedes. A series of time-lapse images gives a 

clear measure of the initial evaporation rate from the foam. Figure 3 shows five images of liquid receding during a 

terrestrial benchtop evaporation test to verify this foam evaporation method, and a plot comparing the measured liquid 

mass using a scale and from image analysis. 

The test article of Fig. 2d is a mixed article with pore features of both of the articles in Figs. 2a and 2b. This article 

type is adopted so that a different fluid can be tested during the same run and direct comparisons made between similar 

pores. Figure 2e shows a test article with 8 inter-connected pores. This design improves evaporation performance and 

is a sub-element of one such cell which is a candidate for an advanced spacecraft system design. The test article of 

Fig. 2f shows a holder that is a mirror of the article in Fig. 2c, which can hold either a foam block or a 64-pore woven 

cell.  

Figure 4 shows images of a 1-go benchtop evaporation test using 3 of the 4 primary Capillary Evaporation test 

articles. The top two images are taken a short time after the beginning of the test, designated as time t = 0 h, and the 

bottom two images are taken approximately 8 hours later. The greyscale images on the right are the same as the color 

images on the left, but have undergone a processing step to detect edges. A white box on the greyscale images 

highlights and enlargens one pore on the top right test article, and red arrows show how the liquid interface recedes 

into the pore as evaporation occurs. 

Figure 5 shows a plot of the mass of liquid remaining in the pore that was highlighted in Fig. 4 during the first 16 

hours of the benchtop evaporation test. The total area of liquid bounded by the edges was tracked frame-by-frame. 

Assuming homogeneity of the liquid interface for the depth of the pore (in and out of the image plane) and a liquid 

density of water, the mass of liquid is calculated with time. From these data, the evaporation rate for each individual 

pore is determined. Extensive 1-go benchtop evaporation tests are conducted in similar ambient conditions for a set of 

comparative data that could identify potential differences in microgravity and terrestrial passive evaporation rates. 
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Fig. 2. CAD images of the 6 final test article designs for the Capillary Evaporation Science experiment. Each 

test article probes the effects of different factors on evaporation rates such as a. heat conduction and interior 

angle, b. contact line length and height to free surface, c. evaporation from foam (article holds a foam 

block/sponge), d. mixed pores for alternate fluid, e. interconnected pores, and f. evaporation from an array of 

interconnected pores. The articles of a., b., c., and d. are chosen for primary testing. 

 

 

 

Fig. 3. A 4cm by 4cm by 1cm foam block with tubing attached to be used in the Capillary Evaporator Science 

experiment (upper right), a sequence of images showing liquid being drawn into the foam block during a 

benchtop evaporation test (upper left), and a plot of the liquid mass evaporated as measured by analytical 

balance and post-process via image analysis. 
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Fig. 4. Two sets of images taken 8 hours apart during a benchtop evaporation test using 3 of the 4 primary 

Capillary Evaporation Science test articles. The red fluid is a red sports drink and the green fluid is a PTAU 

brine ersatz developed by a team at NASA. Greyscale images on the right are post-processed versions of the 

color images on the left and show how edges are detected for image analysis. A white box highlights one pore 

and a red arrow shows the change in position of the liquid interface as evaporation occurs. 

 

 
Fig. 5. Plot of liquid mass remaining in the test pore highlighted in Fig. 4 during a benchtop evaporation test. 

The mass is extrapolated from tracking the area of liquid bounded by the pore walls and the liquid/air interface 

frame-by-frame.  

 

III. CSELS Capillary Sorbent Experiments and Demonstrations 

The second thrust of the CSELS experiment is called Capillary Sorbent. While the Capillary Evaporation portion 

of CSELS investigates technology relating to water recovery from brine in low-gravity, Capillary Sorbent focuses on 

technology that removes carbon dioxide from air in a microgravity environment. The carbon dioxide removal process 

occurs in a continual loop and begins when CO2 is chemically absorbed in an air-liquid sorbent contactor. The CO2 is 

desorbed from the liquid sorbent in a degasser at elevated temperature and pressure. A large amount of liquid/gas 

surface area is required for the chemical exchange to take place efficiently, thus the contactor and degasser elements 

are designed to break the fluid into multiple parallel channels, each channel only exposing a small area of the liquid 

t = 0 h

t ~ 8 h
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sorbent. The size of the system can then be tightly controlled by adjusting the number of channels. The first goal of 

the Capillary Sorbent experiment is to study the microgravity fluidic functions of a loop system that bifurcates flow 

into a few parallel open channels and successfully re-collects the liquid. The second goal is to demonstrate the 

microgravity fluidics of a sub-scale portion of a CO2 absorption system that splits the flow into many paths with liquid 

flowing across each path, and does this again in series; modeling the fluidics of the actual CO2 recovery system. A 

third goal adds the demonstration of capillary flow bifurcation with a test fluid that has thermophysical properties 

more similar to an actual, say ionic liquid, CO2 sorbent. The chemically active sorbent absorbs CO2 and water vapor 

during the absorption process, leaving a more viscous fluid at the outlet of this step. To meet this goal, a more viscous, 

non-toxic sorbent ersatz is used to demonstrate flow bifurcation. Meeting these three goals requires an experiment in 

three parts: one science objective and two demonstration objectives. The science objective involves four Science 

Wedges that are configured in parallel. The Science Wedges are larger; this allows for clear visualization of the fluid 

interface with the resolution available to extract detailed surface profiles from the imagery. The first demonstration 

objective involves the viscous sorbent ersatz flowing in two parallel Science Wedges. Because the main point of this 

experiment is to understand the effects of different fluid properties, the Science Wedges allow a test platform that has 

been benchmarked with an aqueous fluid for direct comparison. The final demonstration objective is made up of two 

test articles in series: a degasser and a contactor. The degasser and contactor split the flow into many channels and 

recollect them, modeling the fluidics of a liquid sorbent CO2 scrubbing system when operated in series.  

A. Capillary Sorbent Science Objective and Viscous Demonstration 

The Capillary Sorbent test stand approach separates test articles, valves, liquid conduit, and test stand into distinct 

pieces. This approach has the benefit of using replaceable tubing harnesses pre-configured with fittings and valves 

that can be used for multiple runs and/or be scrapped for a new set without spending precious crew time on cleaning 

the tube sets. Figure 5 shows a simplified test stand with separate Science Wedges, a peristaltic pump, and the 

placement of fittings for connecting clear tubing.  

 
Fig. 5. Initial Capillary Sorbent Science test stand layout with four Science Wedges, peristaltic pump, and 

fittings for connecting clear tubing (not shown). Flow splits evenly twice to deliver equal amounts of fluid to 

each wedge. 

 

Space is reserved under the stand for backlighting the wedges, and sidewalls have open space for attaching fluid 

reservoirs via hook and loop fasteners. Higher pressure liquid from the pump flows from left to right and is bifurcated 

twice to have equal fluid delivery to the inlet of each wedge. Fluid is recollected in like manner at the outlet of the 

wedges, being driven across the wedges by a gradient in capillary pressure. Figure 6 shows the next design iteration 

for the Capillary Sorbent Science test stand. Turning the stand upright to have the wedges, pump, and liquid reservoirs 

(60 mL plastic syringes) all visible to the camera allows better visualization of the entire experiment with more room 

for lighting options. The overall dimensions of the Science test stand are 40cm by 32cm by 7.5cm, and red lines show 

tubing routing between the pump, reservoirs, and test articles. The test stand is 3D printed with integrated tubing clips 

to hold the tubing harnesses in place and for easy removal and replacement. Luer-Lock connectors are used to attach 

tubing to test articles and reservoirs. Tubing pinch valves (shown as black dots) are located on each inlet and outlet 

tubing leg of the wedges for running liquid through a single wedge, two wedges, or all four wedges at once. 

27cm

Peristaltic pump

(4) Removable 

wedges
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Fig. 6. Next iteration of the Capillary Sorbent Science test stand design for holding Science Wedges. A 

peristaltic pump circulates fluid through clear tubing (shown by red lines), wye fittings, and test articles. 60 

mL syringes act as fluid reservoirs to adjust the liquid volume in the system and pinch valves at the inlet and 

outlet of all wedges are used to divert flow to a single wedge, two wedges, or all four wedges at once. 

 

Figure 7 shows a detailed view of a single Science Wedge. The wedge is 3D printed in Accura 60 and is symmetric 

about a mid-plane cross-section (i.e., the inlet and outlet are the same), with small transition zones from the circular 

inlet/outlet tubing to the wedge cross section that aid in even fluid disbursement. The interior length of the wedge test 

section L, height from the vertex to the opening H, and the included angle of the wedge 2α are all important geometrical 

parameters that affect the capillary-driven flowrate through the wedge. For the Science Wedge, these parameters are 

L = 10cm, H = 3cm, and 2α = 15° (α = 7.5°), respectively. 

 
Fig. 7. CAD images of the Science Wedge. The wedge is 3D printed via SLA in the transparent Accura 60 

material with an interior length of 10cm, height from vertex to opening of 3cm, and an included angle of 15°. 
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The Concus-Finn condition4 sets the geometrical and wetting limits for capillary flow in a wedge and is given by 

 < /2 – , where  is the equilibrium contact angle of the liquid on the wedge material. The analytical, steady state 

solution for the height of the surface from the vertex h along the length of the wedge z is given by5 

ℎ = 𝐻1 (1 −
𝑧

𝐿
+ (

𝐻2

𝐻1
)
3 𝑧

𝐿
)

1/3

, 

where H1 and H2 are the prescribed heights of the surface at the inlet and outlet, respectively. The liquid flowrate 

through the wedge �̇� under these steady state conditions is 

�̇� =
𝜎𝐹𝑖𝐹𝐴 sin

2 𝛼𝐻1
3

3𝜇𝐿𝑓
(1 − (

𝐻2

𝐻1

)
3

), 

where σ and μ are the surface tension and dynamic viscosity of the fluid, respectively, 𝐹𝐴~ tan𝛼 is the cross-sectional 

area function, Fi ~ 1/7 is a flow resistance coefficient, and f = sin/(cos − sin) is a geometric function serving as a 

measure of meniscus curvature. Figure 8 shows two ~ 7μL droplets of fluid, one of water and one of the viscous 

sorbent ersatz. The equilibrium contact angles of each fluid on clear-coated Accura 60 are determined using the tangent 

method and are approximately 60° and 30°, respectively. The ersatz has a viscosity of μ ~ 45 ± 5 cP, about 40 – 50 

times more viscous than water. 

 

 
Fig. 8. Two microliter sized droplets of water and viscous sorbent ersatz on a clear-coated Accura 60 substrate. 

The equilibrium contact angle is extracted from the image using the tangent method as ~60° for the water and 

~30° for the sorbent ersatz, which is 45 times more viscous than water. 

 

Fig. 9 shows a plot of the theoretical, capillary-driven maximum flowrates through a Science Wedge for three 

different contact angles as a function of increasing viscosity. These are essentially ingestion-limit flowrates, the point 

at which air would be ingested at the wedge outlet, where H1 ~ H and H2 ~ 0 in the equation above. For a perfectly 

wetting fluid with a viscosity similar to water, the maximum flowrate through a Science wedge is ~ 10 mL/s. As the 

fluid viscosity increases, the maximum flowrate decreases significantly. For the sorbent ersatz with θ ~ 30  and μ ~ 

45 cP, the maximum flowrate is approximately 0.2 mL/s. For an aqueous fluid with wetting properties and viscosity 

similar to water, the maximum flowrate is ~ 4 mL/s. In addition to knowing the liquid flowrate by understanding and 

characterizing the peristaltic pump, post-experiment image analysis of the surface profile in the wedge will verify 

flowrates through individual wedges. This will be helpful in experiments involving two or more wedges in parallel 

where the system flowrate is known, but how the flow divides to each wedge in a multi-path, capillary system is yet 

to be fully understood. 

B. Capilary Sorbent Contactor Demonstration 

The final objective of the Capillary Sorbent experiment is to demonstrate a series contactor system that resembles 

the fluidics of an actual liquid sorbent CO2 scrubbing system. To do this, the flow must be split into multiple channels 

where it contacts air, and is then driven to a degasser where it splits again into multiple channels before being 

recollected. A pump sends the fluid from the outlet of the contactor to the inlet of the degasser, which is at a slightly 

elevated pressure (a few inches of water in this case), which is the driving force for circulating the liquid back to the 

inlet of the contactor; capillary pressure drives the liquid across the channels. Figure 10 shows the initial design for a 

contactor complete with an inlet and outlet manifold and 16 parallel channels. Each channel is connected upstream to 

the inlet manifold and downstream to the outlet manifold by narrow, enclosed conduits. The cross section of each 

channel is a wedge with H = 1cm, L = 1cm, and α = 5°, giving a maximum flowrate of ~ 0.75 mL/s per channel for 

water, or ~ 12 mL/s for all 16 channels in parallel. The degasser is shown in Figure 11 and is similar in design to the 

contactor with sixteen parallel channels and inlet and outlet manifolds. The degasser wedges are slightly larger with 

parameters H = 1cm, L = 2cm, and α = 7.5°, giving a maximum flowrate per channel of ~ 0.75 mL/s, equal to that of 

~60 
~30 

Water Sorbent Ersatz

Accura 60
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the contactor. The degasser is equipped with a lid and gasket to seal the unit allowing a pressure slightly above 

atmospheric to build when fluid displaces the gas inside the manifolds and channels. 

 
Fig. 9. Plot of the analytical solution for capillary-driven flowrate through a wedge with L = 10cm, H = 3cm, 

and α = 7.5° (Science Wedge dimensions) versus fluid viscosity for three different contact angles. A contact 

angle of θ = 0° is a perfectly wetting fluid with ~ 10 mL/s through the wedge for a 1 cP viscosity fluid. For a 

fluid with properties similar to water, ~ 4 mL/s is the maximum. 

 
Fig. 10. Initial Capillary Sorbent contactor design with overall dimensions of 13cm by 4.2cm by 1.6cm thick. 

Sixteen parallel channels are fed by a 0.5cm diameter inlet manifold that is mirrored at the outlet. Channels 

are wedges with dimensions H = 1cm, L = 1cm, and α = 5°.  

 
Fig. 11. Initial Capillary Sorbent degasser design with overall dimensions of 13cm by 8.2cm by 1.6cm thick. 

Sixteen parallel channels are fed by a 0.5cm diameter inlet manifold that is mirrored at the outlet. Channels 

are wedges with dimensions H = 1cm, L = 2cm, and α = 7.5°. A lid is sealed to the degasser with four captive 

thumb screws and a silicone rubber gasket to allow pressure to build to a few inches of water above 

atmospheric. 
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IV. Preliminary Results From Space Experiments on ISS 

A. Summary of first CSELS-Capillary Sorbent Operation GMT 191 (7/10/2017) 

During this operation the crew shared the activities between US Astronauts Jack Fischer and Peggy Whitson (a 

7.5hr crew involvement). A 3 hour notification was provided prior to the initiation of the task-listed CSELS operations. 

IRPI LLC supported the operations from the NASA/Portland State University Control Center. Fischer was fluent in 

all procedures at many stages of the set-up and prime steps ahead of the ground team. This led to unrestrained plunging 

of the liquid into the feed lines of the plumbing circuit, which entrained bubbles in the lines and blew liquid and gas 

past the pump which did not seal against the liquid as planned. Thus, we inadvertently created an uncontrolled two-

phase fluid system. However, we proceeded with the prime steps with Fischer innovating a method to eliminate 

bubble-slug trains by simply disconnecting lines and bleeding bubbly liquids into a towel. This worked well and we 

were able to prime all tubing and contactors as desired. With the contactor successfully primed, Fischer went on to 

prime the degasser. He then set up for the contactor-only test, turned on the pump, and demonstrated perfect operation. 

He then cycled through several highly stable flow rate settings, turned on the fan, zoomed in to display complete 

stability, and turned off the pump to move on to further tests. 

For the degasser test, Whitson replaced Fischer. She turned on the pump at relatively high but expectedly stable 

pump setting. We did not aptly warn her to slow or shut off pump in event of bubble ingestion and when she turned 

on the pump the nearly immediate ingestions went unchecked until again the system was riddled with bubbles. The 

pump was turned off and with several essential pauses to assess the situation we realized our impromptu degasser 

priming method had trapped bubbles in many of the feed lines to the channels of the degasser leading to embolisms 

in about half of them and ingestions in about the other half. We continued using a number of methods to clear the 

lines, which were many times instructive. Fischer returned to the operations replacing Whitson. He recovered the 

desired fluid configuration during an LOS and established a system steady state at high flow rate. Fischer proceded  

directly to successfully complete both the degasser demonstrations as well as the serial degasser/contactor 

demonstrations. When we had completed all nominal demonstrations we drove the system to ingestion (~ 100-fold 

the design operating flow rate for the system) and observed that the degasser limited the total system performance, 
but the contactor continued to function even with high rate two phase flow. We immediately reconfigured the system 

back to the contactor only flow and collected numerous stable flow conditions through the contactor with all channels 

flowing, varying fill level and flow rate. We observed the spontaneous adjustment of the system, passive bubble 

separations, and passive redistribution of liquid during embolism and ingestion events. We expressed our gratitude to 

Fischer and Whitson and proceeded to teardown the equipment. The tubing was discarded, but the test cells were 

drained and dried for reuse at a later date.  

A summary of successful demonstrations for the nominal operations includes System fill, Single Open Contactor 

operation (with stable flow in presence of fanned air flow), Single Closed Contactor operation, Serial Contactor 

operation (with limits of operation identified). Extra Science demonstrations were also completed including: Open 

Contactor ingestion limits, stable steady two phase flow demonstration, and passive bubble separations. Other events 

included several recovery of adequate system prime from multiphase bubbly state, successful open contactor priming, 

Passive redistribution of liquid in open- and closed-contactors following ingestions and embolisms, and flow rate 

limits predicted reliably from calculation and ground tests, confirmed by low-g tests. The results from these operations 

immediately inform the capabilities of passive capillary containment in parallel capillary channels for applications 

such as CO2 scrubbing. 

B. Summary of Second CSELS Capillary Evaporation Science Operation, GMT 199 (7/18/2017) 

Again, the crew shared all activities between Fischer and Whitson (a ~ 2.5hr crew involvement). Whitson selected 

Capillary Evaporation Science from the task list. We opted to begin tests using pure water and test cells sponge, woven 

cell, inline cell, and mixed science unit. Whitson set up the system on MWA and filled the units with clean water. The 

test cells filled uneventfully except for the uncoated woven cell which was not coated with the wetting film (an 

oversight). The cell also did not fit easily on the stand. It was difficult for Whitson to fill it and only about 60-70% of 

the individual cells were filled when we instructed her to move on. The foam filled easily and the tube in the foam to 

measure evaporation rate filled and performed well. She then transported the device into the JEM where Fischer had 

set up the still camera and lighting.  

We were able to collect all GMT, US Cabin Temperature, Pressure, and water partial pressure data. We also 

received all JEM data and are thus able to compute relative humidity at the location of the experiment. Camera battery 

changeout and test cell refills meant that multiple experiments could be performed over a multiday period. We received 
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word from crew within 24 hours that the cells were dry. We immediately sent a crew note to top off dry cells with 

additional water without disturbing the camera. We were able to more than double the amount of data collected.  

Successful demonstrations for nominal operations included test article fill, stable fluid contents in test articles 

demonstrated by shaking in various directions following fluid fill, camera set up and initiation of 10, 5, and 2 minute 

intervalometer settings, rapid drying observed by astronauts leading to immediate crew notes for extra science ranging 

from simple refills to test article replacement, fill, and test. 

 

C. Summary of Third Operation of Capillary Sorbent Viscous Demonstration, GMT 208 (7/27/2017) 

Whitson with set-up assistance from Fischer completed the Sorbent Viscous Demo OP of the Capillary Sorbent 

experiment. She again sped through the setup, prime, fill, single and parallel stable flow demonstrations, and though 

we could have completed our operations 45 minutes early, the cadre allowed us to utilize the full time allotted within 

which we achieved multiple steady states for varying pump speeds for both channels in series and in parallel, and for 

the ingestion rate for both single and parallel configurations. The flow rates were higher than achieved on earth and 

differed from each other by a factor of ~2. This result implies that for bisecting channels the parallel configuration 

max flow rate is approximately n-times the single channel flow rate, as has now been demonstrated in space. Much 

performance data was collected: transients, images, interface profiles, recovery from ingestion, and bubble 

bifurcations and trajectories were recorded, which also indicated a nearly perfect balance of flow rates between 

channels. At conclusion of the experiments, Whitson simply pulled out the tubing, cells, and syringes and discarded 

them, then stowed the base. Data from these and subsequent operations will be provided in a forthcoming report. 
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