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(54) LAUNDRY BAGS AND SYSTEMS

(57) A laundry bag (1100) for a spacecraft laundry
system (100), can include a bag body (1101) defining an
inner volume, a resealable opening (1103) defined by or
disposed on or in the bag body, the resealable opening
configured to allow insertion of one or more articles of
laundry into the inner volume of the bag body, and a quick
disconnect (QD) flow adapter (1105) disposed through
the bag body and sealed to the bag body. The QD flow
adapter is in fluid communication with the inner volume
at a first end (1105a) and is configured to connect to a
mating connector at a second end (1105b). The laundry
bag can be configured to sealably contain one or more
articles of laundry and washing fluid within the inner vol-
ume when the resealable opening is sealed and the QD
flow adapter is disconnected.
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Description

TECHNICAL FIELD

[0001] This disclosure relates to laundry systems.

BACKGROUND

[0002] Astronauts exercise for about two hours every
day, but there are no laundry capabilities up in space yet.
About 2 to 4 lbs. (e.g., 20-40%) of the trash created every
day on the international space station (ISS) is fabric
based that can be rewashed and reused. It costs about
$2000/lb to send something to the ISS, and is about ten
times that or more to send something to the Moon, Mars,
and beyond. Also, on long range missions, the resupply
time can be about 1 to 2 years. About 160 pounds of
clothing per crew member per year are launched to ISS
currently.
[0003] Such conventional methods and systems have
generally been considered satisfactory for their intended
purpose. However, there is still a need in the art for im-
provements. The present disclosure provides a solution
for this need.

SUMMARY

[0004] In accordance with at least one aspect of this
disclosure, a laundry bag for a spacecraft laundry sys-
tem, can include a bag body defining an inner volume, a
resealable opening defined by or disposed on or in the
bag body, the resealable opening configured to allow in-
sertion of one or more articles of laundry into the inner
volume of the bag body, and a quick disconnect (QD)
flow adapter disposed through the bag body and sealed
to the bag body. The QD flow adapter is in fluid commu-
nication with the inner volume at a first end and is con-
figured to connect to a mating connector at a second end.
The laundry bag can be configured to sealably contain
one or more articles of laundry and washing fluid within
the inner volume when the resealable opening is sealed
and the QD flow adapter is disconnected.
[0005] The bag body can include a rectangular shape,
for example. In certain embodiments, the QD flow adapt-
er can be disposed at a corner of the bag body. The QD
flow adapter can be disposed at an opposite end of the
bag body relative to the resealable opening, for example.
[0006] The resealable opening can include a zip fas-
tener or a pinch fastener, for example. Any other suitable
mechanical seal is contemplated herein. In certain em-
bodiments, the QD flow adapter can be configured to
connect to a pump system configured to pump washing
fluid into and/or out of the inner volume. In certain em-
bodiments, the bag body can be made of a clear plastic.
In certain embodiments, the bag body can have one or
more (e.g., a plurality of) bump features on an interior
surface thereof
[0007] In accordance with at least one aspect of this

disclosure, a laundry system can include an agitator, and
a laundry bag. The laundry bag can include any suitable
laundry bag disclosed herein, e.g., as described above,
for example. The laundry system can include a pump
system configured to connect to the QD flow adapter and
configured to pump washing fluid into and/or out of the
inner volume. The pump system can include a hand si-
phon pump. The hand siphon pump can be connected
to a first line that connects to the QD flow adapter, and
a second line that connects to washing fluid source or
sink to allow washing fluid to be forced into and/or out of
the inner volume by actuation of the hand siphon pump.
In certain embodiments, the laundry system can include
a pump system configured to connect to the laundry bag
while the laundry bag is within the agitator to allow input
and/or outlet out of the washing fluid to/from the laundry
bag while the laundry bag is within the agitator.
[0008] In accordance with at least one aspect of this
disclosure, a method can include inserting laundry into
an inner volume of a laundry bag via a resealable open-
ing, sealing the resealable opening to fluidly seal the inner
volume, connecting a pump system to a flow adapter of
the laundry bag which is in fluid communication with the
inner volume, pumping washing fluid into the inner vol-
ume of the bag, and agitating the laundry bag with the
laundry and washing fluid therein. In certain embodi-
ments, the method can further include disconnecting the
pump system from the flow adapter before agitating, and
reconnecting the pump system to the flow adapter after
agitating. The method can include pumping out the wash-
ing fluid from the inner volume after agitating. The method
can include separating water from the washing fluid after
pumping out the washing fluid from the inner volume.
[0009] These and other features of the embodiments
of the subject disclosure will become more readily ap-
parent to those skilled in the art from the following detailed
description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] So that those skilled in the art to which the sub-
ject disclosure appertains will readily understand how to
make and use the devices and methods of the subject
disclosure without undue experimentation, embodiments
thereof will be described in detail herein below with ref-
erence to certain figures, wherein:

Fig. 1 is a side elevation view of an embodiment of
a laundry system in accordance with this disclosure;
Fig. 2 is a perspective view of the embodiment of
Fig. 1;
Fig, 3 is a side elevation view of the embodiment of
Fig. 1, shown attached to one or more motive sourc-
es and having the agitation chamber connected to a
drying system;
Fig. 4 is a schematic plan view of the embodiment
of Fig. 1, shown attached to a treadmill exercise ma-
chine;
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Fig. 5 is a schematic plan view of the embodiment
of Fig. 1, shown attached to a rowing exercise ma-
chine;
Fig. 6 is a schematic plan view of the embodiment
of Fig. 1, shown attached to a cycle exercise machine
and mounted to a floor;
Fig. 7 is a schematic diagram of an embodiment of
a rotational agitation chamber in accordance with
this disclosure;
Fig. 8A is a schematic diagram of an embodiment of
a rotational agitation chamber in accordance with
this disclosure;
Fig. 8B is a cross-sectional view of the embodiment
of Fig. 8A;
Figs. 9A, 9B, and 9C show experimental results us-
ing the embodiment of Fig. 1, wherein Fig. 9A shows
a shirt stained with 5 ml of coffee, Fig. 9B shows the
results of a baseline test wash using a centrifuge
with 500 ml water and 15 ml of detergent, and Fig.
9C shows the results of a test using the embodiment
of Fig. 1 with 500 ml water and 15 ml detergent; and
Fig. 10 is a schematic diagram of an embodiment of
a fluid recovery system in accordance with this dis-
closure;
Fig. 11 is a schematic plan view of an embodiment
of a laundry bag in accordance with this disclosure;
Fig. 12 is a schematic diagram of an embodiment of
a laundry system utilizing the laundry bag of Fig. 11
in accordance with this disclosure; and
Fig. 13 is a schematic diagram of an embodiment of
a laundry system utilizing the laundry bag of Fig. 11
in accordance with this disclosure.

DETAILED DESCRIPTION

[0011] Reference will now be made to the drawings
wherein like reference numerals identify similar structural
features or aspects of the subject disclosure. For purpos-
es of explanation and illustration, and not limitation, an
illustrative view of an embodiment of a laundry system
in accordance with the disclosure is shown in Fig. 1 and
is designated generally by reference character 100. Oth-
er embodiments and/or aspects of this disclosure are
shown in Figs. 2-13. Certain embodiments described
herein can be used to provide laundry capabilities to iso-
lated missions (e.g., on spacecraft and/or planetary hab-
itats).
[0012] Referring to Figs. 1-3, a laundry system 100 can
include an input shaft 101, an output actuator 103, and
a motion converter 105 connected between the input
shaft 101 and the output actuator 103. The motion con-
verter 105 can be configured to convert rotational motion
of the input shaft 101 to linear motion of the output actu-
ator 103. The system 100 can include a laundry agitation
arrangement 107 connected to the output actuator 103
to be linearly actuated by the output actuator 103 to ag-
itate laundry, for example.
[0013] Referring additionally to Figs. 4, 5, and 6, the

system 100 can further include an exercise machine cou-
pling 409, 509, 609 (e.g., a shaft adapter and/or any other
suitable connection to connect to an exercise machine)
connected to or forming part of the input shaft 101 to
couple the input shaft 101 to an exercise machine 411,
511, 611 to be rotated by the exercise machine 411, 511,
611. In certain embodiments, the system 100 can include
the exercise machine 411, 511, 611. In certain embodi-
ments, the exercise machine 411, 511, 611 can be a
space station exercise machine (e.g., for use in space).
The exercise machine 411, 511, 611 can be configured
for any suitable spacecraft, planetary habitat, or other
suitable isolated mission, for example.
[0014] In certain embodiments, the laundry agitation
arrangement 107 can include a linear slide 113, and an
agitation chamber 115 operatively connected to the linear
slide 113 to be constrained to sliding motion. The agita-
tion chamber 115 can be configured to receive and retain
an item to be agitated (e.g., an article of clothing). In
certain embodiments, the agitation chamber 115 can in-
clude a door 117 that is configured to be opened to access
the interior volume of the agitation chamber 115. The
door 117 can be latched and hinged, and/or otherwise
removeably or moveably connected to a base portion of
the agitation chamber 115. In certain embodiments, the
agitation chamber 115 can be liquid sealed such that the
agitation chamber 115 can contain water and detergent.
In certain embodiments, an article of clothing can be
placed within a sealed bag with water and detergent, and
the sealed bag can be placed within the agitation cham-
ber 115.
[0015] In certain embodiments, the motion converter
105 includes an inline slider crank mechanism (e.g., a
two bar mechanism as shown). For example, in certain
embodiments, the motion converter system 105 can in-
clude a first bar 119 fixed to the input shaft 101 to rotate
with the input shaft 101. The output actuator 103 can be
pinned to the first bar 119 at a first end (e.g., at pin 121)
and pinned to the agitation chamber 115 at a second end
(e.g., at pin 123, e.g., attached to a post 125 extending
from the agitation chamber 115) such that rotation of the
first bar 119 causes linear motion of the agitation cham-
ber 115 on the linear slide 113. The agitation chamber
115 can include a skate 126 configured to slide and/or
roll on the linear slide 113.
[0016] In certain embodiments, the motion converter
system 105 can include a belt drive 127 (e.g., a wheel
with a belt groove or other suitable belt interface) con-
nected to or forming part of the input shaft 101 such that
the input shaft 101 is configured to be belt driven (e.g.,
as shown in Figs. 4, 5, and 6). The system 100 can include
an anchor 129 configured to be fixed to a floor (or other
suitable surface, e.g., a wall, a ceiling) and to allow the
input shaft 101 to rotate therein (e.g., on a bearing, a
race, directly, etc.).
[0017] Certain embodiments can convert rotary motion
to linear motion such that an agitation chamber slides
back and forth on a base and agitates clothes. In certain
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embodiments, the clothes can go in a bag that is placed
inside the chamber. The bag and/or the chamber can
have quick disconnects for pumping water in and out. In
certain embodiments, the clothes can go directly in a
sealed chamber with water and detergent. In certain em-
bodiments, the chamber and/or bag can be attached to
a drying system (e.g, as shown in Fig. 3) configured to
remove water content from the chamber and/or the bag
and/or provide heat thereto. For example, drying can in-
clude a partial vacuum system (e.g., utilizing space vac-
uum), and/or can include water recycling. Any suitable
drying system and/or mechanism is contemplated here-
in.
[0018] Embodiments, e.g., as shown in Fig. 1, can ag-
itate clothing by moving the chamber in a linear motion.
In gravity environments, the clothing can rub on the base
of chamber, for example. In micro-gravity environments
the clothing can move throughout the whole chamber,
for example. In certain embodiments, exercise machine
mechanical energy can be converted into electrical en-
ergy to power a motor to drive the system 100. In certain
embodiments, e.g., as shown in Fig. 3, the system 100
can be driven by spacecraft, general habitat, station, or
vehicle power, or by electrical energy produced by an
exercise machine.
[0019] However, in certain embodiments, exercise ma-
chine mechanical energy can be used to directly drive
the laundry system 100 which can be more efficient. In
certain embodiments, the system 100 can be configured
to be optionally driven by either a direct mechanical drive,
or by an electric motor powered by any suitable power
source (e.g., as described above).
[0020] For example, embodiments can be powered by
an exercise bike such as CEVIS or FERGO. Certain em-
bodiments can be powered by a motor. Certain embod-
iments can be powered by a treadmill such as COLBERT
via a connection to the main motor or a secondary shaft
(e.g., which can be mechanical, electromechanical, etc.).
Certain embodiments can be powered by a rowing exer-
cise machine (e.g., on the Orion spacecraft) via a con-
nection to the main shaft, or a flywheel, or a resistance
pulley (e.g., which can be a shaft attachment, direct pulley
and cable attachment for linear motion, electromechan-
ical, etc.). Embodiments can include a shaft adapter that
connects to the existing configuration of a treadmill (e.g.,
which can have a motor with two sprockets joined by a
chain similar to a bicycle setup).
[0021] Fig. 7 shows a schematic diagram of an em-
bodiment of a rotational agitation chamber 715 in accord-
ance with this disclosure. The chamber 715 can include
a spinning device with detached extrusions (e.g., bumpy
balls within the chamber). The chamber 715 can com-
prise a single drum that spins with input motion (e.g., any
suitable motive source disclosed hereinabove). The
chamber 715 can include a bumpy inner diameter sur-
face. As shown, an article of clothing can be stretched
out and flat, and attached to inner wall of the drum. The
article of clothing can be to a frame that allows agitation

against an inner surface. The frame can include wheels
(e.g., on a track of the inner wall of the drum) and can
moves as the drum rotates. One or more bumpy balls
can be placed in the chamber 715. In this regard, the
article of clothing can be rubbed on both sides, on by the
inner diameter of the drum, and one by the bumpy balls.
In such a spinning embodiment, the chamber 715 can
be directly driven in rotation by exercise equipment or a
motor, e.g., via a belt drive, for example.
[0022] Fig. 8A is a schematic diagram of an embodi-
ment of a rotational agitation chamber 815 in accordance
with this disclosure. Fig. 8B is a cross-sectional view of
the embodiment of Fig. 8A. The chamber 815 can include
a drum within a drum. The articles of clothes can be
placed between the inner and outer drum. Each drum
can have bumpy surfaces (e.g., the inside of the outer
drum, and the outside of the inner drum). In certain em-
bodiments, only the inner drum can be actuated (e.g.,
rotated) and the outer drum can be stationary. The re-
verse is contemplated. As shown, the inner walls of the
chamber can have agitating extrusions and the inner and
outer drum can rotate while the clothing sits in between
the two drums. In such a spinning embodiment, the cham-
ber 815 can be directly driven in rotation by exercise
equipment or a motor, e.g., via a belt drive, for example.
[0023] Figs. 9A, 9B, and 9C show experimental results
using the embodiment of Fig. 1. Fig. 9A shows a shirt
stained with 5 ml of coffee. Fig. 9B shows the results of
a baseline test wash using a centrifuge with 500 ml water
and 15 ml of detergent. Fig. 9C shows the results of a
test using the embodiment of Fig. 1 with 500 ml water
and 15 ml detergent.
[0024] In accordance with at least one aspect of this
disclosure, a method can include using a spacecraft ex-
ercise machine to manually power a spacecraft laundry
system. In certain embodiments, using the spacecraft
exercise machine can include converting rotational mo-
tion from the exercise machine into linear motion, and
linearly actuating an agitator. In certain embodiments,
the method can include adding water and an item of cloth-
ing to the linear agitator (e.g., in a bag or directly into a
chamber of the agitator). In certain embodiments, the
method can include removing the item of clothing from
the linear agitator after agitation. The method can include
any other suitable method(s) and/or portion(s) thereof.
[0025] In accordance with at least one aspect of this
disclosure, a spacecraft can include a laundry system.
The laundry system can be any suitable embodiment of
a laundry system disclosed herein, e.g., as described
above. The spacecraft can include an exercise machine,
for example, and the laundry system can be connected
to the exercise machine to be driven by the exercise ma-
chine.
[0026] Embodiments can reduce upmass and increase
astronaut comfort. Embodiments can include a small
(e.g., single article of clothing volume), mechanical, low-
power, and low-water-usage washing machine that can
interface with an exercise bike (or other equipment) to
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effectively multitask the required exercise and laundry.
The washer can be configured to wash at least one me-
dium-size t-shirt in less than 30 minutes, can use less
than 500 mL of water per wash, can be configured to
recover more than 90% of water usage (e.g., with a water
recovery system), can use less than 50 mL of detergent,
and can produce a shirt that is at least 80% clean, for
example. Embodiments can be used in microgravity en-
vironments or in environments that have little-to-no pow-
er or water. Embodiments can be used as a washer
and/or dryer, and can be primarily powered through ex-
ercise equipment. Embodiments can be capable of use
in gravity and micro-gravity, for example.
[0027] Embodiments of a method for using an embod-
iment, e.g., as shown in Fig. 1, can include opening the
door (5s), loading clothes into drum (15s), closing the
door (5s), adding water and detergent (e.g., automated
= 5s, manual = 30-60s), starting a wash cycle (e.g., 10-20
min), starting a dry cycle (e.g., vacuum, centrifugal,
wrung, bag) (0-10 min), and hanging clothes up to dry
completely (e.g., with ECLSS).
[0028] Embodiments can weigh less than 10 lbs, can
be able to wash at least 1 medium size cotton t-shirt in
less than 30 min, can have low volume (e.g., double EX-
PRESS rack locker dimensions (21.45 x 21.10 x 17.34
inches)), can use minimum power (e.g., less than 500
W), minimum water (e.g., less than 1 L of water per run),
and can use minimum detergent (e.g., less than 50 ml).
Embodiments can enable water recovery of greater than
90%. Embodiments can provide the ability to produce
about an 80% clean cotton t-shirt or higher cleanliness.
[0029] Embodiments can be 3D-printed out of glass
resin. Embodiments can use a bottle nipple for loading
water and premix. Embodiments can be lightweight and
durable, e.g., made using aluminum material which emits
no outgas and doesn’t corrode. For draining water,
dirty/soapy water can be put into a spacecraft conden-
sate system. A second rinse cycle liquid can become the
liquid solvent for the next wash. Certain embodiments
can utilize centrifugal drying.
[0030] Referring to Fig. 10, a fluid recovery system 900
for a laundry system (e.g., of a spacecraft) can include
a main line 901 having an inlet 903 configured to fluidly
communicate with a washing volume 905 within an agi-
tation chamber 907 to receive washing fluid from the ag-
itation chamber 907. The system 900 can include a vac-
uum source (e.g., pump 909 and/or vacuum outlet 911)
in fluid communication with the main line 901 to provide
a partial vacuum to the inlet 903 to cause washing fluid
in the washing volume 905 to at least partially evaporate.
[0031] The system 900 can also include a condenser
913 disposed on the main line 101 downstream of inlet
103. The condenser 913 can be configured to receive
evaporated washing fluid and to condense water in the
evaporated washing fluid. The system 900 can include
a separator 915 (e.g., a motorized gas/liquid separator)
downstream of the condenser 913 configured to separate
water and laundry effluent gas. The separator 915 can

include a water recovery output 917 configured to output
water for reuse (e.g., collection for analysis, storage,
drinking water, a spacecraft water supply).
[0032] In certain embodiments, the system 900 can
include an inlet valve 919 (e.g., a solenoid valve) between
the inlet 903 and the condenser 913 configured to allow
or prevent flow of evaporated washing fluid from the inlet
903 to the condenser 913. In certain embodiments, the
system 900 can include a filter 921 between the inlet
valve 919 and the inlet 913. The filter 921 can be config-
ured to filter and/or defoam the washing fluid upstream
of the condenser 913.
[0033] In certain embodiments, the condenser 913 can
be configured to fluidly connect to a spacecraft cooling
network 923 to cool the condenser 913 (e.g., a low tem-
perature loop (LTL) 925 or a medium temperature loop
(MTL) 927 of the international space station (ISS), for
example). As shown, the cooling network 923 can include
a cooling loop formed by a first coolant line 923a and a
second line 923b in fluid communication with the con-
denser 913. Each line 923a, 923b can include a valve
923c, 923d (e.g., a solenoid valve) to control coolant flow
on each line 923a, 923b. Any other suitable cooling
source for any suitable application is contemplated here-
in. In certain embodiments, the system 900 can include
a stand-alone cooling system associated with the con-
denser 913.
[0034] In certain embodiments, the separator 915 can
include a gas outlet 929 configured to output the laundry
effluent gas to a gas line 931. In certain embodiments,
the system 900 can include a hydrophobic filter 933 con-
figured to prevent liquid water from flowing to the gas line
931 (e.g., any remaining liquid water content that may
escape the separator 915). In certain embodiments, the
system 900 can include a regenerative mol sieve 935
configured to be in fluid communication between the vac-
uum source (e.g., pump 909) and the separator 915 to
receive laundry effluent gas from the separator 915 to
dry the laundry effluent gas.
[0035] In certain embodiments, the regenerative mol
sieve 935 can be configured to be thermally treated (e.g.,
via a heater device 937) to release water to be recovered
for reuse (e.g., drained to any suitable location, e.g., to
water recover output 917). In certain embodiments, the
system 900 can include a mol sieve valve 939 (e.g., a
solenoid valve) upstream of the mol sieve 935 configured
to allow or prevent the laundry effluent gas to flow to the
mol sieve 935.
[0036] In certain embodiments, the system 900 can
include a bypass branch line 941 upstream of the mol
sieve valve 939 (and/or the mol sieve 935) configured to
allow the laundry effluent gas to bypass the mol sieve
935. In certain embodiments, the system 900 can include
a bypass valve 943 on the bypass branch line 941 con-
figured to allow or prevent laundry effluent gas on the
bypass branch line 941.
[0037] In certain embodiments, the vacuum source
can be or include a vacuum pump 909 downstream of
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the mol sieve 935. In certain embodiments, the bypass
branch line 941 outlets downstream of the vacuum pump
909, e.g., as shown. In certain embodiments, the system
900 can include one or more outlet lines 945, 947 down-
stream of the separator 915 (e.g., downstream of the
vacuum pump 909 and the bypass branch line 941). In
certain embodiments, the one or more outlet lines 945,
947 can include a gas recovery outlet line 945 configured
to receive laundry effluent gas from the gas line 931 for
reuse of the laundry effluent gas (e.g., collection, analy-
sis, return to cabin, etc.). In certain embodiments, the
system 900 can include a gas recovery valve 949 con-
figured to allow or prevent laundry effluent gas on the
gas recovery outlet line 945.
[0038] In certain embodiments, the one or more outlet
lines 945, 947 can include a vacuum outlet line 947 con-
figured to be in fluid communication with an external vac-
uum 911 (e.g., a space vacuum, a spacecraft vacuum
source, a vacuum exhaust system (VES)). The system
900 can include a vacuum valve 951 on the vacuum outlet
line 947 configured to allow or prevent laundry effluent
gas on the vacuum line 947. In certain embodiments, the
system 900 can include a gas filter 953 upstream of the
one or more outlet lines 947, 945 configured to filter one
or more gaseous components of the laundry effluent gas.
[0039] In certain embodiments, the system 900 can
include a heater 955 configured to be in thermal commu-
nication with the agitation chamber 907 to provide heat
to the agitation chamber 907 during partial vacuum to
regulate the temperature of the agitation chamber 907
(e.g., to about 20 degrees C). Any suitable location for
the heater 955 (e.g., external to the agitation chamber
907, is contemplated herein. The agitation chamber 907
can be any suitable agitation chamber disclosed herein,
e.g., as described above with respect to Figs. 1-8B. Any
suitable motive system (e.g., a motor 957, and/or an ex-
ercise machine connection) to agitate the agitation cham-
ber 907 is contemplated herein.
[0040] Any of the valves, pumps, motors, cooling sys-
tems, heaters, and other components can be controllable
by a control module 959. In certain embodiments, the
system 900 can include a control module 959 operatively
connected to one or more (e.g., each) of the controllable
components in system 900 configured to control any suit-
able component of the system 900 (e.g., any and/or all
valves, heaters, cooling systems, motors, pumps, etc.)
for allowing water and/or gas recovery (e.g., and prevent-
ing damage to the system or a safety hazard). Connec-
tions to each controllable component are not shown for
clarity.
[0041] The system 900 can also include one or more
sensors (e.g., pressure sensors P, temperature sensors
T, Hall effect sensors H, current sensors I, force sensors
F, position switch sensors S) for providing information
about one or more portions of system 900. For example,
the control module 959 can be configured to control the
one or more controllable components based on the sen-
sor information. For example, the control module 959 can

be configured to regulate pressure drop produced by the
vacuum pump 909, and/or select whether to bypass the
mol sieve 937, and/or activate the heater 955 to prevent
freezing or excessively cold temperatures in the agitation
chamber 907. The control module 959 can be configured
to receive one or more manual commands from a switch
panel 961, e.g., as shown, and/or to indicate one or more
statuses on a display 963 (e.g., as shown).
[0042] In accordance with at least one aspect of this
disclosure, a laundry system (e.g., 100 as described
above) can include an agitation chamber 907, and a mo-
tive system (e.g., an electric motor 957) connected to the
agitation chamber 907. The laundry system can include
a fluid recovery system, e.g., the system 900 as disclosed
herein, operatively connected to the agitation chamber
907 to be in fluid communication with a washing volume
of the agitation chamber 907.
[0043] Embodiments include an automated system for
adding water and/or recycling/drying using partial vacu-
um to evaporate, collect, and recycle water. Embodi-
ments can be applied to space travel applications, and/or
to any other suitable application.
[0044] Embodiments can include a washing chamber
assembly powered by any suitable motive force. Embod-
iments can include a heater on the outside of the chamber
or elsewhere to use very little power and to keep the
chamber at a target temperature (e.g., 20 degrees C) as
the reduced pressure will reduce temperature. Embodi-
ments can include a vacuum pump that pulls a partial
vacuum to boil off water content inside washing chamber
(e.g., 0.25 psia target vacuum). Embodiments can in-
clude an optional water filter/defoamer to remove any
residual detergent foam or other non-steam/water con-
taminants. Embodiments can include one or more valves
to control of different stages and/or functions of the sys-
tem. Embodiments can include a condenser that con-
denses water, e.g., using a cooling source set to a tem-
perature to condense water at the operating pressure.
Downstream of condenser can be liquid water mixed with
other laundry effluent gas. Embodiments can include a
gas/liquid separator that separates water and other gas-
ses to allow for water recovery for any suitable use. Em-
bodiments can include a hydrophobic filter downstream
of the separator to prevent any liquid water from getting
into the gas line. Downstream of the hydrophobic filter
can be purely gas. Embodiments can include a regener-
ative molecular sieve which can sieve the gas to dry it
out, and can regenerate usable water from the mol sieve.
The remaining gas can be routed toward any suitable
reuse or waste location desired. Embodiments can in-
clude a bypass line and valve to allow gas to bypass the
mol sieve if no sieve is desired. Remainder gas can be
filtered and then collected/reused, and/or wasted.
[0045] Certain embodiments can include any suitable
computer hardware and/or software. Embodiments can
include any suitable computer hardware and/or software
module(s) to perform any suitable function (e.g., as dis-
closed herein).
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[0046] Referring to Fig. 11, in accordance with at least
one aspect of this disclosure, a laundry bag 1100 for a
spacecraft laundry system (e.g., as described above) can
include a bag body 1101 defining an inner volume. Any
suitable size bag body 1101 is contemplated herein (e.g.,
large enough to fit one or more of a shirt, pants, or other
suitable washable articles such as fabrics like clothing &
towels.
[0047] The laundry bag 1100 can include a resealable
opening 1103 defined by or disposed on or in the bag
body 1101. The resealable opening 1103 can be config-
ured to allow insertion of one or more articles of laundry
into the inner volume of the bag body 1101.
[0048] The laundry bag 1100 can include a quick dis-
connect (QD) flow adapter 1105 disposed through the
bag body 1101 (e.g., via a hole in bag body 1101) and
sealed to the bag body 1101. The QD flow adapter 1105
can include a valve component (not shown) such that the
valve component is closed when the QD flow adapter
1105 is disconnected from an external device (e.g., a
pump system disclosed below), and such that the valve
component is in the open position to allow flow through
the QD flow adapter 1105 when connected to an external
mating connector. In certain embodiments, a separate
valve component can be alternatively or additionally used
to selectively control flow through the QD flow adapter
1105 and from/to the inner volume of the bag body 1101.
The laundry bag 1100 can include any suitable number
of QD flow adapters 1105 (e.g., more than one).
[0049] The QD flow adapter 1105 can be in fluid com-
munication with the inner volume of the bag body 1101
at a first end 1105a (e.g., disposed on or extending within
the bag body 1101), and is configured to connect to a
mating connector (e.g., a similar mating QD connector)
at a second end 1105b (e.g., protruding away from the
bag body 1101. For example, the QD flow adapter 1105
can be adhered (e.g., via epoxy) to the bag body 1101
to provide a sealed relationship with the bag body 1101
(e.g., such that a selective flow path between the inner
volume of the bag body 1101 through the first end 1105a
to the second end 1105b is created). The laundry bag
1100 can be configured to sealably contain one or more
articles of laundry and washing fluid within the inner vol-
ume when the resealable opening 1103 is sealed and
the QD flow adapter 1105 is disconnected (from an ex-
ternal device such that the QD flow adapter valve com-
ponent is closed).
[0050] In certain embodiments, the bag body 1101 can
include a rectangular shape, for example, e.g., as shown.
In certain embodiments, the QD flow adapter 1105 can
be disposed at a corner of the bag body 1101, e.g., as
shown. The QD flow adapter 1105 can be disposed at
an opposite end of the bag body 1101 relative to the
resealable opening 1103, for example.
[0051] In certain embodiments, the resealable opening
1103 can include a zip fastener or a pinch fastener, e.g.,
as shown, for example. Any other suitable mechanical
seal is contemplated herein. The resealable opening

1103 can extend from one edge to another edge of the
rectangular shape as shown, for example. Any other suit-
able size and/or shape and/or construction of the reseal-
able opening to allow for laundry insertion and removal
is contemplated herein.
[0052] In certain embodiments, the QD flow adapter
1105 can be configured to connect to a pump system,
e.g., as disclosed herein, configured to pump washing
fluid into and/or out of the inner volume. In certain em-
bodiments, the bag body 1101 can be made of a clear
plastic (e.g., to provide sight into the bag body 1105) or
other suitable material.
[0053] In certain embodiments, the laundry bag 1100
can be manually agitated (e.g., by shaking, hand scrub-
bing motion, etc.) with the contents inside of the bag (e.g.,
dirty clothing and cleaning mix). In certain embodiments,
the bag body 1101 can include one or more bump fea-
tures on an inner surface thereof that can facilitate the
effectiveness of such manual cleaning or other agitation,
for example. Embodiments of manual agitation can be
combined with other embodiments of mechanical agita-
tion (e.g., a rotating or linear agitation for instance pow-
ered by exercise equipment or motors, etc.).
[0054] Referring additionally to Fig. 12, in accordance
with at least one aspect of this disclosure, a laundry sys-
tem 1200 can include an agitator 1201 (e.g., the same
as or similar to laundry agitation arrangement 107 dis-
closed above) and a laundry bag. The laundry bag can
include any suitable laundry bag disclosed herein, e.g.,
laundry bag 1100 as described above, for example.
[0055] The laundry system 1200 can include a pump
system 1107 configured to connect to the QD flow adapt-
er 1105 and configured to pump washing fluid into and/or
out of the inner volume of the bag body 1101. The pump
system 1107 can include a hand siphon pump 1109, for
example. The hand siphon pump 1109 can be connected
to a first line 1111 that connects to the QD flow adapter
1105, and a second line 1113 that connects to washing
fluid source or sink (not shown) to allow washing fluid to
be forced into and/or out of the inner volume by actuation
of the hand siphon pump 1109. Each end of each line
1109, 1111 can have a mating QD connector configured
to connect to the QD flow adapter 1105 (e.g., to switch
the direction of flow of the hand pump 1109), Any suitable
pump system, manual or automated, is contemplated
herein (e.g., a drying system, a fluid recovery system 900
disclosed herein).
[0056] In certain embodiments, referring additionally
to Fig. 13, a laundry system 1300 can include a pump
system 1307 configured to connect to the laundry bag
1100 while the laundry bag 1100 is within the agitator
1201 to allow input and/or outlet out of the washing fluid
to/from the laundry bag 1100 while the laundry bag 1100
is within the agitator 1201. For example, the pump system
1307 can be manual (e.g., a hand pump or other suitable
manually controlled system), and/or can be automated
(e.g., as disclosed herein). The pump system 1307 can
be any suitable pump system disclosed herein (e.g.,
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pump system 1107, a fluid recovery system 900 as dis-
closed herein). The laundry bag 1100 can be utilized with
any suitable laundry system (e.g., system 100) and/or
agitator assembly disclosed herein.
[0057] In certain embodiments, the laundry bag 1100
can have a plurality of QD flow adapters to be connected
to by the laundry system 1300. In certain embodiments,
the laundry bag 1100 can include one or more attachment
features, e.g., hook and loop fasteners (such as Velcro®

brand) that can attach the laundry bag 1100 to an inner
wall of the agitation chamber. Such attachment features
can provide some stability to the laundry bag 1100 by
adhering it to a stiffer structure (e.g., the chamber) while
the contents within the laundry bag 1100 are still free to
move as they are agitated.
[0058] In accordance with at least one aspect of this
disclosure, a method can include inserting laundry into
an inner volume of a laundry bag via a resealable open-
ing, sealing the resealable opening to fluidly seal the inner
volume, connecting a pump system to a flow adapter of
the laundry bag which is in fluid communication with the
inner volume, pumping washing fluid into the inner vol-
ume of the bag, and agitating the laundry bag with the
laundry and washing fluid therein. In certain embodi-
ments, the method can further include disconnecting the
pump system from the flow adapter before agitating, and
reconnecting the pump system to the flow adapter after
agitating. The method can include pumping out the wash-
ing fluid from the inner volume after agitating. The method
can include separating water from the washing fluid after
pumping out the washing fluid from the inner volume.
[0059] Embodiments can include a laundry bag that
can be used with any suitable washing machine and/or
can be connected to a water recycling system. Certain
embodiments can include a flexible bag that connects
via QD and/or some other tethering mechanism to the
inside of the laundry chamber to secure it to the inner
chamber wall and/or to connect to an external plumbing
system for any suitable purpose.
[0060] Certain embodiments can include a bottle nip-
ple style connector for loading water and washing fluid
premix. In certain embodiments, dirty/soapy water can
be directed into the ISS condensate system instead of
the WPS (waste processing system) since it can already
handle soaps/lotions that evaporate off human skin when
they sweat. Embodiments can include a method includ-
ing opening the bag, putting clothes into the bag, closing
the bag, connecting a siphon pump to the bag, connecting
the siphon pump to a water/detergent mix container,
pumping water and detergent into the bag, disconnecting
the siphon pump from bag and water/detergent mix con-
tainer, start a wash cycle (e.g., a manual shake/rub, or
using with a washing machine), connecting the siphon
pump to the bag or any other suitable micro-g fluid pump-
ing/drying system), connecting the siphon pump (or other
system) to a fluid processing/storage system, pumping
out/evacuating fluids from the bag, disconnecting the si-
phon pump (or other system) from the bag and fluid

processing/storage system, opening the bag, and re-
move clothing. Such a method can also include hanging
clothes up to dry any remaining dampness completely
with ECLSS (or any environmental control/humidity/en-
vironmental life support system). In accordance with cer-
tain embodiments, when a bag lifecycle is complete (after
a certain number of cycles), the bag can be used as trash
bag or storage, or used in a trash compactor (if made of
compatible materials), or otherwise disposed.
[0061] Embodiments can include a small, compactable
waterproof bag and siphon-style pump system (with an
easily connectable interface) that reduce upmass and
increase astronaut comfort. The bag can have a port to
input and output water/detergent/mixture. This port can
be connected to via a QD system. The bag can be man-
ually agitated or agitated by any other system to wash
the clothes inside of the bag. The bag can be connected
to a station or vehicle condensate/water processing sys-
tem/waste processing system and dirty water can be si-
phoned/squeezed out. The bag can be used in micro-
gravity environments or in environments that have little-
to-no power or water. Embodiments include a low total
weight of the device (e.g., less than 2 lb) and can be
configured to wash at least one medium size cotton t-
shirt in less than 30 min, for example. Embodiments take
up low volume, and are foldable and compactable. Em-
bodiments minimize water usage (e.g., less than 500 ml
per wash). Embodiments enable a high water recovery:
of greater than 90% for example and a low detergent
usage of less than about 50 ml. Embodiments can include
the ability to produce an about 80% clean cotton t-shirt
or greater.
[0062] As will be appreciated by those skilled in the art,
aspects of the present disclosure may be embodied as
a system, method or computer program product. Accord-
ingly, aspects of this disclosure may take the form of an
entirely hardware embodiment, an entirely software em-
bodiment (including firmware, resident software, micro-
code, etc.), or an embodiment combining software and
hardware aspects, all possibilities of which can be re-
ferred to herein as a "circuit," "module," or "system." A
"circuit," "module," or "system" can include one or more
portions of one or more separate physical hardware
and/or software components that can together perform
the disclosed function of the "circuit," "module," or "sys-
tem", or a "circuit," "module," or "system" can be a single
self-contained unit (e.g., of hardware and/or software).
Furthermore, aspects of this disclosure may take the form
of a computer program product embodied in one or more
computer readable medium(s) having computer reada-
ble program code embodied thereon.
[0063] Any combination of one or more computer read-
able medium(s) may be utilized. The computer readable
medium may be a computer readable signal medium or
a computer readable storage medium. A computer read-
able storage medium may be, for example, but not limited
to, an electronic, magnetic, optical, electromagnetic, in-
frared, or semiconductor system, apparatus, or device,
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or any suitable combination of the foregoing. More spe-
cific examples (a non-exhaustive list) of the computer
readable storage medium would include the following:
an electrical connection having one or more wires, a port-
able computer diskette, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash
memory), an optical fiber, a portable compact disc read-
only memory (CD-ROM), an optical storage device, a
magnetic storage device, or any suitable combination of
the foregoing. In the context of this document, a computer
readable storage medium may be any tangible medium
that can contain, or store a program for use by or in con-
nection with an instruction execution system, apparatus,
or device.
[0064] A computer readable signal medium may in-
clude a propagated data signal with computer readable
program code embodied therein, for example, in base-
band or as part of a carrier wave. Such a propagated
signal may take any of a variety of forms, including, but
not limited to, electro-magnetic, optical, or any suitable
combination thereof. A computer readable signal medi-
um may be any computer readable medium that is not a
computer readable storage medium and that can com-
municate, propagate, or transport a program for use by
or in connection with an instruction execution system,
apparatus, or device.
[0065] Program code embodied on a computer read-
able medium may be transmitted using any appropriate
medium, including but not limited to wireless, wireline,
optical fiber cable, RF, etc., or any suitable combination
of the foregoing.
[0066] Computer program code for carrying out oper-
ations for aspects of this disclosure may be written in any
combination of one or more programming languages, in-
cluding an object oriented programming language such
as Java, Smalltalk, C++ or the like and conventional pro-
cedural programming languages, such as the "C" pro-
gramming language or similar programming languages.
The program code may execute entirely on the user’s
computer, partly on the user’s computer, as a stand-
alone software package, partly on the user’s computer
and partly on a remote computer or entirely on the remote
computer or server. In the latter scenario, the remote
computer may be connected to the user’s computer
through any type of network, including a local area net-
work (LAN) or a wide area network (WAN), or the con-
nection may be made to an external computer (for ex-
ample, through the Internet using an Internet Service Pro-
vider).
[0067] Aspects of this disclosure may be described
above with reference to flowchart illustrations and/or
block diagrams of methods, apparatus (systems) and
computer program products according to embodiments
of this disclosure. It will be understood that each block
of any flowchart illustrations and/or block diagrams, and
combinations of blocks in any flowchart illustrations
and/or block diagrams, can be implemented by computer

program instructions. These computer program instruc-
tions may be provided to a processor of a general pur-
pose computer, special purpose computer, or other pro-
grammable data processing apparatus to produce a ma-
chine, such that the instructions, which execute via the
processor of the computer or other programmable data
processing apparatus, create means for implementing
the functions/acts specified in any flowchart and/or block
diagram block or blocks.
[0068] These computer program instructions may also
be stored in a computer readable medium that can direct
a computer, other programmable data processing appa-
ratus, or other devices to function in a particular manner,
such that the instructions stored in the computer readable
medium produce an article of manufacture including in-
structions which implement the function/act specified in
the flowchart and/or block diagram block or blocks.
[0069] The computer program instructions may also
be loaded onto a computer, other programmable data
processing apparatus, or other devices to cause a series
of operational steps to be performed on the computer,
other programmable apparatus or other devices to pro-
duce a computer implemented process such that the in-
structions which execute on the computer or other pro-
grammable apparatus provide processes for implement-
ing the functions/acts specified herein.
[0070] Those having ordinary skill in the art understand
that any numerical values disclosed herein can be exact
values or can be values within a range. Further, any terms
of approximation (e.g., "about", "approximately",
"around") used in this disclosure can mean the stated
value within a range. For example, in certain embodi-
ments, the range can be within (plus or minus) 20%, or
within 10%, or within 5%, or within 2%, or within any other
suitable percentage or number as appreciated by those
having ordinary skill in the art (e.g., for known tolerance
limits or error ranges).
[0071] The articles "a", "an", and "the" as used herein
and in the appended claims are used herein to refer to
one or to more than one (i.e., to at least one) of the gram-
matical object of the article unless the context clearly
indicates otherwise. By way of example, "an element"
means one element or more than one element.
[0072] The phrase "and/or," as used herein in the spec-
ification and in the claims, should be understood to mean
"either or both" of the elements so conjoined, i.e., ele-
ments that are conjunctively present in some cases and
disjunctively present in other cases. Multiple elements
listed with "and/or" should be construed in the same fash-
ion, i.e., "one or more" of the elements so conjoined. Oth-
er elements may optionally be present other than the
elements specifically identified by the "and/or" clause,
whether related or unrelated to those elements specifi-
cally identified. Thus, as a non-limiting example, a refer-
ence to "A and/or B", when used in conjunction with open-
ended language such as "comprising" can refer, in one
embodiment, to A only (optionally including elements oth-
er than B); in another embodiment, to B only (optionally
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including elements other than A); in yet another embod-
iment, to both A and B (optionally including other ele-
ments); etc.
[0073] As used herein in the specification and in the
claims, "or" should be understood to have the same
meaning as "and/or" as defined above. For example,
when separating items in a list, "or" or "and/or" shall be
interpreted as being inclusive, i.e., the inclusion of at least
one, but also including more than one, of a number or
list of elements, and, optionally, additional unlisted items.
Only terms clearly indicated to the contrary, such as "only
one of’ or "exactly one of," or, when used in the
claims, "consisting of," will refer to the inclusion of exactly
one element of a number or list of elements. In general,
the term "or" as used herein shall only be interpreted as
indicating exclusive alternatives (i.e., "one or the other
but not both") when preceded by terms of exclusivity,
such as "either," "one of," "only one of," or "exactly one
of."
[0074] Any suitable combination(s) of any disclosed
embodiments and/or any suitable portion(s) thereof are
contemplated herein as appreciated by those having or-
dinary skill in the art in view of this disclosure.
[0075] The embodiments of the present disclosure, as
described above and shown in the drawings, provide for
improvement in the art to which they pertain. While the
subject disclosure includes reference to certain embod-
iments, those skilled in the art will readily appreciate that
changes and/or modifications may be made thereto with-
out departing from the scope of the subject disclosure.

Claims

1. A laundry system, comprising:

an agitator; and
a laundry bag comprising:

a bag body defining an inner volume;
a resealable opening defined by or dis-
posed on or in the bag body, the resealable
opening configured to allow insertion of one
or more articles of laundry into the inner vol-
ume of the bag body; and
a quick disconnect (QD) flow adapter dis-
posed through the bag body and sealed to
the bag body, wherein the QD flow adapter
is in fluid communication with the inner vol-
ume at a first end and is configured to con-
nect to a mating connector at a second end,
wherein the laundry bag is configured to
sealably contain one or more articles of
laundry and washing fluid within the inner
volume when the resealable opening is
sealed and the QD flow adapter is discon-
nected.

2. The laundry system of claim 1, further comprising a
pump system configured to connect to the QD flow
adapter and configured to pump washing fluid into
and/or out of the inner volume.

3. The laundry system of claim 2, wherein the pump
system includes a hand siphon pump.

4. The laundry system of claim 3, wherein the hand
siphon pump is connected to a first line that connects
to the QD flow adapter, and a second line that con-
nects to washing fluid source or sink to allow washing
fluid to be forced into and/or out of the inner volume
by actuation of the hand siphon pump.

5. The laundry system of claim 1, further comprising a
pump system configured to connect to the laundry
bag while the laundry bag is within the agitator to
allow input and/or outlet out of the washing fluid
to/from the laundry bag while the laundry bag is with-
in the agitator.

6. A laundry bag for a spacecraft laundry system, com-
prising:

a bag body defining an inner volume;
a resealable opening defined by or disposed on
or in the bag body, the resealable opening con-
figured to allow insertion of one or more articles
of laundry into the inner volume of the bag body;
and
a quick disconnect (QD) flow adapter disposed
through the bag body and sealed to the bag
body, wherein the QD flow adapter is in fluid
communication with the inner volume at a first
end and is configured to connect to a mating
connector at a second end, wherein the laundry
bag is configured to sealably contain one or
more articles of laundry and washing fluid within
the inner volume when the resealable opening
is sealed and the QD flow adapter is disconnect-
ed.

7. The laundry system of claim 1 or the laundry bag of
claim 6, wherein the bag body has a rectangular
shape.

8. The laundry system or the laundry bag of claim 7,
wherein the QD flow adapter is disposed at a corner
of the bag body.

9. The laundry system or the laundry bag of claim 8,
wherein the QD flow adapter is disposed at an op-
posite end of the bag body relative to the resealable
opening.

10. The laundry system or the laundry bag of claim 9,
wherein the resealable opening includes a zip fas-
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tener or a pinch fastener.

11. The laundry bag of any of claims 6 to 10, wherein
the QD flow adapter is configured to connect to a
pump system configured to pump washing fluid into
and/or out of the inner volume.

12. The laundry bag of any of claims 6 to 11, wherein
the bag body includes one or more bump features
on an interior surface thereof.

13. A method, comprising:

inserting laundry into an inner volume of a laun-
dry bag via a resealable opening;
sealing the resealable opening to fluidly seal the
inner volume;
connecting a pump system to a flow adapter of
the laundry bag which is in fluid communication
with the inner volume;
pumping washing fluid into the inner volume of
the bag; and
agitating the laundry bag with the laundry and
washing fluid therein.

14. The method of claim 13, further comprising discon-
necting the pump system from the flow adapter be-
fore agitating, and reconnecting the pump system to
the flow adapter after agitating.

15. The method of claim 13 or 14, further comprising
pumping out the washing fluid from the inner volume
after agitating, and /or
further comprising separating water from the wash-
ing fluid after pumping out the washing fluid from the
inner volume.
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