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Constraints of water cooling loop design concept edized in Columbus, a manned science
laboratory on the International Space Station (ISS)impede flexible water loop temperature
regulation and cabin air humidity control. These castraints, non-modeled system behavior,
and changing environmental conditions require the daption of operational products which
generally involves cost- and time intensive folloven analysis and developments. In this
paper, enhancements for active condensate controhd condensate storage are presented as
a first step towards an integrated and station-widehumidity control concept accounting for
more flexible heat exchanger inlet temperature regation and automated and configurable
condensation control. The advanced design is basegon the current pump-driven single
water loop concept of the laboratory. Operationally gained temperature and humidity
readings are presented to explain the interactionbetween the inlet fluid temperature of the
cabin heat exchanger and the relative air humidityin varying environmental conditions.
Conditions for a different condensing mode are defied based upon the analytical results. An
inlet temperature range between 5 and 12.8C is suggested as an operational envelope to
maintain a humidity range between 30 and 45%. It ismainly concluded that the
enhancements will be a cost-effective solution andill create less operational efforts.
Further analysis is still required to investigate h which conditions the heat exchanger can be
operated in the no-condensing mode and if the opeianal envelope of 5 to 12.5°C is
acceptable with the overall TCS functionality.

Nomenclature

air temperature [°C]

relative humidity [%]

dew point temperature [°C]

delta temperature (dew point - CHX inlet tempere) [°C]
CHX coolant water inlet tempature [°C]

low water inlet temperature of heat exchang®t$ [

CHX,in
LT

[. Introduction

PERATIONAL experiences gained with a thermal andiremmental control system of a current manned
space flight mission revealed the necessity to avgithe design concept for active thermal contnal mter-
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module air-conditioning The interchanger to extract humidity from theinadnd to control cabin temperature in
the GLumBUS module, also referred to as condensate heat egehd@HX), was initially designed to operate
continuously at a fixed operating point, and comigaremoving the collected condensate to the |SBout own
intermediate storage capability. This design anel fbreseen operational modes, however, turned @ubet
inconsistent with changing operational needs amit@mmental conditions for which a mission analyisisione for

3 different cases: loss of waste water storagelilitya vehicle docked operations and Russian ar®ldégment
condensing interactions (see chapter IV.A). Thezeforeseen operational requirements evoked a eost-time-
intensive workaround development since the calierdghanger was not designed for the required mauksither
from technical nor from operational point of vielhe objective of the present paper is thus to dgvel new
concept that accounts for flexible fluid temperat@nd automated condensation control based upuMBUS
active thermal control system. The new conceptipesed to be part of an integrated humidity rerhowsacept
with intermediate condensate storage capabilitye Tdllowing chapters give a briefdCumBus mission outline,
followed by an overview description of its thernaald environmental control system, an analysis eraponally
gained temperature and humidity readings to exglarinteractions between fluid inlet temperaturd eelative air
humidity, and the description of the final layoditloe advanced design concepts.

Fluid Biolab European European European
. CoLumsus mission outline = S aate LT
The OLumBUS module is the biggest
contribution of the European Space Agency (ESA)
the ISS. The purpose of the European laboratoty it
serve as a unique platform for different fields « rootrestans
research: Human physiology, biology, fundamen
physics, material sciences and fluid physic
Furthermore, external experiment facilities alldve t
long-term and non-perturbed observation of thetEa
and the universe. The European laboratory is opere
by the @LumBus Control Center at the Germal .
Space Operations Center nearby Muhich
On February 11, 2008, four days after its laun
from Kennedy Space Center, the station's robotit ¢
moved ®LUMBUS from the space shuttle's cargo bz
to the starboard site of Node 2 to which it wi
mechanically attached by two astronauts duringsa fi |
extra vehicular activity. About 6 days later, th e e aomtn o e Mo tes ol tete
CoLuUMBUS activation and commissioning phase wi ks i e et
accomplished and the laboratory was ready Figure 1 Internal and external configuration of the
nominal operations. The external and interrCoLUMBUS module before its attachment to the star-
configuration of the module is illustrated by Fig.A board side of NODE 2 of the ISS (from Ref. :
comprehensive description of the activation andmo@sioning phase can be found in Ref. 2.

lll.  CorLumBus Thermal and Environmental Control System

CoLumBus' thermal control system consists of active andspasthermal controlThe active thermal control
system (ATCS) is based upon a pump-driven singtemtaop concept with a low and medium temperasaation
The low temperature (LT) section cools and dehufiesliair via the CHX for which the inlet coolantriperature
must be kept below the cabin air dew point tempeeatThe medium temperature (MT) section collegtsess heat
of system equipment on cold plates and payloadBdrso-called plenum and transports it to the I8&riace heat
exchangers that provide heat rejection capabiitthe ISS external TCS loops. To prevent any cosatém in the
MT section the water temperature must be kept ableweabin air dew point temperatureLOMBUS is attached to
NODE?2 of the ISS whose ACTS is based upon a punvestidual loop concept with two independent wabepks:
a low temperature loop (LTL) and a medium tempeeatoop (MTL). CoLUMBUS' air is therefore additionally
conditioned by the thermal and air-conditioningtegs of NODE2 and the other modules. These intemastwill be
further discussed in chapter IV. Fig. 2 illustratibe single water loop concept and the water looptrol
mechanisms of @QLumBus’ ACTS. Ref. 1 and 2 give a more detailed explaratf the control mechanisms. Ref. 3
provides principles of pumped fluid loops.
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Three active water loop control
laws are required to regulate
plenum p, CHX inlet and plenum
temperature. To controlp a water
W W2 pump assembly (WPA) adjusts the

® pump speed such that the over
the plenum always remains within
a control range of a default set
value. For p-control, the readings
of delta pressure sensor blocks
(DPSB) are used. CHX inlet and
plenum temperatures are controlled
by water modulating valves
(WMV) that mix the cold water

WTSB1 WTSB2

warm / bypass

==
| 1=

: ket with the water coming from the
S MTHX |

] , warm by-pass. Water temperatures

| | wea 2z 83 are measured by selected sensors
Figure 2. CoLumBUS Active Thermal Control System with its twc Of wet temperature sensor blocks
temperature sections (from Ref. 1) (WTSB).

The primary function of the
CoLumBus environmental control and life support system (BS).is the Ventilation and Air-Conditioning (VAC)
that comprises cabin air & inter-module ventilatiair filtering, air temperature control as welltagmidity and air
composition monitoring Inter-module ventilation (IMV) is maintained blyet IMV supply (ISFA) and return fan
assembly (IRFA). Additional intra-cabin air circtitan is achieved by a cabin fan assembly (CFA).fliw sensors
(AFS) are used to measure the total air flow. TiXQonsists of a cooled and a non-cooled transfee and a
condensate water separator assembly (CWSA). Theelbraf the non-cooled core is the warm bypass tothe air
streams by a flap or so-called thermal control @g[VCV) that directs the incoming air stream eithrre to the
cold or more to the warm block. A

Heat

C
cabin temperature control unij Moz %; ISFA % ] %ch Coret [~ 1|
(CTCU) controls the TCV andfsiar | O b AoV 1&@ cwsm@ =
uses 3 cabin temperature sensc z DPS %ﬂ
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against a set value. The CWS, ; @ i !
separates the water from the air b~ | B ke C L0 L]
centrifugal force. Its outlet ; /'*“'c "‘:‘,\ i“'\ Ve

! : Cabin F; Cabin T t abintoop
pressure pushes the condensate : Pt el i GRSk
the condensate line to an interfac - [crcu 1] Gy
where it is further processed by th ; %LE:I_I—|
water  recovery managemen i MReturn creu 2]
Used Air} 5| CTS HS TPS PPCS
SySte.m of .the . us .Segmem Return! N ql sn1&z 6 12 1-4 112
Relative humidity is monitored by : RFA|_ 0|
Air}

humic_iity sensors (HS). A detailec s [
description of the VAC and of the : @
remaining ECLSS functions is_| sLsov ) .

provided by Ref. 1. Figure gFigure 3. CoLumBus Environmental Control and Life Support Systen
illustrates the design concept c(from Ref. 1)

the GLumBus ECLSS.

Filter

IV. Analysis

A. Mission Analysis

During the first four years of @ umBuUS Operations a number of different events lead teratonally adapting
the ECLSS CHX function to the respective situatéord constraints. To summarize, the following typeents
occurred which lead to a temporary required changlee configuration:
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Russian and US segment condensing interactions

Before getting the current US waste water regeimgratystems in work the produced water was primaril
utilized in the Russian segment. This impacted ihedlve available crew time as they had to manuailyve the
filled water bags from the US to the Russian Sednemavoid this workload @ .umsus Control Centre was asked
to reduce condensate production in the module. Wais achieved by defining a new operational setpaiirthe
CHX inlet temperature. The original setpoint of & Wwas increased to 7 °C to allow less condensationnd the
ambient due point temperature. Therefore, this operational mode is called low condensing mode otiginal
setpoint is called high condensing mdde.

This request was challenging to be handled intiead operations as the system was not designedifferent
set-points or operations ranges but jut for oneps@tit. It put a high load on engineering to conpeas quick as
possible with a proposal on how to achieve NASAguest as there was continuous impact on crew tirhe.
achieved resolution in the end did also not conabfettop the condensation iroGumBuUS but reduced the amount
only. More reduction would have been possible \iittther analysis but the system by itself is aisuited by its
design: periodically short wet cycles of the CHXe®cannot be completely avoided as per engineanagysis to
protect the sensible coating on the heat exchanger.

This shows that in case the interfaces in such raptex environment are not defined sufficiently brefo
development and launch or if the requirements atéda® narrow there are only limited operationarkesounds
possible dependent on if the system “by chancedwall a different operational handling than it wagioally
designed for. This temporary change was actuadystierred into a new operational baseline whicapiglicable
since then.

Loss of waste water storage capability

Mainly triggered from the discussion of the aboeduced condensate collection requirement from NABA,
was further assessed what cases exist that regairenly a reduction but a complete stop of thedemsation
production in @LuMBUS for some time. There are many potential eventlwisan lead to such a scenario. To
name some: failure of the condensate line shutabiev(CLSOV) (see Fig. 3) which can stop the rerhmfa
condensate from the laboratory to the adjacent BQDfailure of NASAs water processing assembly|jackage
inside the condensate lines and other events.

The identified scenarios were analyzed dependeth@motential duration of the events, the longeicandensate
collection possibility is available the more concplied the situation gets. After a long iteration ppbducts
following in depth engineering analysis two reactiavere defined: a short term response and a kg tesponse
to a loss of waste water storage scenario. The shon response deals with the first 13 hours Yol an event.
The taken actions are minimizing the operationgldnt but already now crew presence ibL@vBUS should be
reduced to the minimum required. This case is a@ernmediate scenario where it is hoped that the eosate
collection capability can be re-gained in this tifreme. The second case deals with a configuratitme failure
cannot be undone within the first 13 hours of ommce. The impacts in this case are much more sevet do not
allow further changes in the TCS configuration doen increased CHX inlet temperature to 10 °C tisball
completely stop any condensation on the heat exghiasurfaces. This drastically impacts scienceatjwars in and
general usage ofdumBuUS in case of such a failure. This limitation howeigpnly in place because the set point
of 10 °C has not been qualified as an operatioraking point for the overall TCS and ECLSS and thal
robustness of the system in this situation is mawn. It has to be noted also that during this andensation
scenario the IMV and with this the air exchangéhtorest of the station is deactivated.

This scenario proves that there will be bigger intpan @LUMBUS operations than necessary purely because of
lack of design flexibility and missing analysis. 8o during @LUMBUS operations such a scenario happened once:
a false rapid depress event which shut down afl f&% wide and a subsequent false Columbus finetdtreggered
by floating dust particles) was the origin of predols with the NASA waste water processing which leathe
CoLumMBUS Systems engineer on console to perform the irstighs of a loss of waste water storage loss puoeed
NASA recovered their equipment luckily within a g@bei of hours following the failure which preventédther
impacts in this case.

Vehicle docked operations

During Shuttle docked operations the requiremeeganmding the condensation iroWmBUS and station wide
changed again: NASA requested that all modulescardigured to high condensing modes to produce ashm
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condensate as possible: on the one side there mvere crew members on the station during this tinteckhy
required more humidity removal to keep the overathidity levels in the station acceptable, on ttreepside it was
desired to benefit from the amount of additionaiduced humidity and by this the possibility to pod as much
condensate during the docked phase on statiore(rdtan in the Shuttle).

Operationally this was easy to be accommodated @antbus was then simply configured to the high
condensing mode from Shuttle hatch opening to céosthis mode is the original nominal working poaitthe
CHX so that no additional engineering confirmat@mranalysis was required and the change could pemented
by coordination of the NASA and ESA flight conttebms.

Observing the above described scenarios it gets that a more integrated design approach of thmeidity
control and condensate collection systems on aesgtation is preferred which allows more operatidleaibility.

B. Data Analysis
For this study a whole year obOUMBUS in orbit operations has been analyzed. As it istmecent data and as

there occurred many different interesting operai@tenarios the year 2011 was selected. In sumtoagnsider
the changes in crew numbers on board the statiene twere the 3 final Shuttle missions to the 188 @ visiting
Soyuz spacecrafts delivering new long term crew bemito the station and returning back to Eartlis @ibes not
consider the Progress, HTV and ATV dockings whiotvéver are not of relevance for this analysis dudé focus
on the changing amount of persons on the statitga ifvteresting to note is that there was a Pragiasch failure
in 2011 which subsequently delayed further Soyighfs and resulted nearly in an unmanned configamatf the
station. This configuration was lengthily prepatezlvever luckily not required as there was a sudokSoyuz
launch right before the remaining crew on boardsta¢ion had to leave soon after. Luckily for tlaes of station
utilization, however it would have been an addisibinteresting configuration for analysis. Due lie tinavailability
of the Soyuz spacecraft (and the Shuttle beingeditihere was more than usual lengthy 3 crew gardiion in the
second half of the year.

The following data is analyzed:
- Cabin temperature: This temperature is a contrdiedperature and was nearly always 23 +/- 1 °C. The
readings are based on an average of 3 sensorsnéismee in chapter IIl.
- Humidity: HS1 & HS2 calculate the humidity. The sers measure the air temperature and the temperatur
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Figure 4 Columbus Air Parameters Overview 1.1.201% 31.12.2011
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on a cooled mirror at the point of time when thessarts condensing on it (measured by a laseoatidal
sensor). l.e. it actually measures the dew poirtmRthese values it calculates the relative humiditthe
air. The relative humidity in @.umBUS varies dependent on the air exchange with Nodge®y members
inside @®LUMBUS and their physical stress level and on the peréoice of the heat exchanger. In average it
is assumed that a human being generates‘®@der/day by exhalation and sweating.

- Dew point: as the dew point reading from the hutgyidensors is not available in downlink, the hutyidi
and cabin temperature readings are used to deurieictual dew point by using an equation, e.gviged
by Ref. 1:

; (1)

- The CHX inlet temperature is the water temperatréhe inlet of the Condensing Heat Exchanger (CHX)
It defines the actual condensing mode mL@vBUS. For the time of this analysis it was either colid to
5o0r7°C.

- The NODE2 LTL temperature is the water temperattr¢he entry of the common cabin air assembly
(CCAA) which is defining the condensation mode indd 2.

Figure 4 plots cabin temperature, relative humjditgw point and CHX inlet temperature for the whpdar
2011. Notable is the sudden drop of the HS1 readimdylay 2011. This drop resulted from a sensoraiyp which
has been resolved by power cycling the unit. It feaiod, the calculations and analysis were baséely on the
remaining healthy sensor.

To perform a
meaningful analysis it is
required to differentiate
between different
operational scenarios. In
the figure the times are
marked where there are
either 3 or 6 crew
members on board ISS and
it also shows the times
when Shuttles  were
docked to the station. Then
there are times where
CoLuMBUS was
configured to low
condensing mode and
times where ©OLUMBUS

Figure 5. Condensing modes with 3 crew members, 18huttle docked (2011) was configured to high
condensing mode. In
Figure 5 and Figure 6 the
four following modes are differentiated:
- Mode A. Low condensing mode with 3 crew membersramdisiting Shuttle
- Mode B. High condensing mode with 3 crew membedsranvisiting Shuttle
- Mode C. Low condensing mode with 6 crew membersrendisiting Shuttle
- Mode D. High condensing mode with 6 crew membedsramvisiting Shuttle
Comparing the 4 cases differences are more obViowsver still tiny. It can be clearly seen thatréhis a lower
humidity level for the high condensing mode (37998 crew members, 38.32% 6 crew members in avesagkn
higher humidity level at low condensing mode (382948 crew members, 39.69 % 6 crew members). Iteaalso
observed that the average humidity is slightly bighith 6 crew members.
In the whole analysis it has to be considered tioatonly GLUMBUS removes condensate but it is also done in
the following modules: LAB, NODE2, NODE3, JEM and the Russian segment of the space station atircerta
times with certain set points. In the whole US Segtrthe condensate removal works on the same plénand is
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Figure 6 Condensing modes with 6 crew members, noh@tle docked
(2011)

result if the CHX inlet temperature is subtractexhf the dew point temperature

# o sws

controlled with alternating LTL
temperature settings in the
internal TCSs (ITCS). Looking
at the dew point we see a clear
correlation to the humidity as
the cabin temperature is nearly
constant at 23 °C. A clear
difference can be observed
between the low and high
condensing modes as well as
between 3 and 6 crew
configurations averaging over
the whole year: 4 (Mode A)
=7.87 °C, 4 (Mode B) =7.38
°C 4 (Mode C) =8.52 °C, 4
(Mode D) =7.93 °C.

By comparing the dew
point with the actual CHX inlet
temperature it can be observed
that there is mostly a positive

&)

The results are presented in Fig. 7. This indicatesys continuous condensation in the heat exarandlote
that this does not include sensor and dew poimuéation accuracies. During high condensing modeGHRIX is
effectively always condensing, during low condegsimode the CHX is more often not condensing orectasnot

condensing.

The average over the whole year for the different nsdde).83 °C for Mode A), 2.43 °C (Mode B), 1.48 °

(Mode C) and 2.97 °C (Mode D).

Figure 7. Difference between dew point and CHX intetemperature ()
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To investigate the relation between CHX inlet terapgre and cabin humidity the following assumpti@me

made:

- The humidity follows due to the adapting dew poiv actual heat exchanger temperatures.

- 2 cases are considered for the humidity calcuatidoLumsus isolated and NODE2 and OCCumMBUS

together isolated from the rest of the station.

The dew point will drop while the heat exchange®s drying the air until the air is too dry to condate at a
given CHX
temperature. In case
the current dew point
is below the

CHXI/LTL
temperature the dew
point temperature

will rise again
dependent on the
water vapor

introduced into the
cabin by the
astronauts due to
breathing and
sweating. This
assumes a controlled
and constant ambient
air temperature.
Figure 8. Predicted vs. actual humidity (L:Jc?r(]j;:ions the tlc?gkfien

humidity can be estimated by resolving using Eyf¢t :

0t ' 3)

For the calculation4 has been replaced byr which reflects either the average of the NODE2 Land CHX
inlet temperatures or theoCumBuUS CHX inlet temperature only. The results are phbbiteFigure 8.

As we are dealing here with several ECLSS systentegdcting with each other (IMV between the station
modules was active almost permanently in 2011) gliserving one heat exchanger does not give a wmdtion
between an individual heat exchanger temperatudetla@ humidity, but the combined analysis considgthe
interchanger settings in NODE2 and COLUMBUS alresdgws that the prediction based upon above asgmpt
is closer to the actual achieved humidity valuedy@onsidering the GL.umsus CHX for the analysis the humidity
prediction is not as precise which shows how mueh @LUMBUS air is influenced by the air exchange with
NODE2.

V. Possible Advanced Thermal and Air-Conditioning Contol Concepts

To improve the single-loop ATCS and air-conditignisystem presented in chapter 3 w.r.t. condemsataotrol
and condensate storage the following enhancementuggested:
1. A storage tank allowing for intermediate Columbusl &S Segment condensate storage in case of storage
problems in the water processor assembly in thedd@ent
2. An automated, configurable and dew point based eosation control accounting for local and station-
wide changing humidity conditions and condensatexuirements. As a centralized condensate collectio
concept is realized in the US und Russian segnientdesirable to have a more integrated solut@on t
locally control heat exchanger settings. Howevecal condensation control mechanisms are a fiegt st
towards this integrated solution. The proposedrobiiaw is considered to be an addition to the taxis
condensation configuration settings.
In the following the enhancements are explainetdne detail.
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A. Storage Tank

The CLSOV can be
modified, e.g. in the course
of a life extension scenario
with new hardware which

allows additional
functionality to minimize
operational impacts in

scenarios as described i

chapter IV. A. The additional

hardware foreseen are a

way valve condensate line

control valve, (CLCV),a

condensate intermediate

storage tank (CIST) and ¢

condensate line flow senso

(CLFS) detecting the total

amount of produced i )

condensate flowing either Figure 9. Condensate storage concept configurations

from CoLumBUS to Node 2

or vice versa. Additionally, it will require somecting, potentially a connection to the Nitrogerst®yn resources, a
connection to the @ umBUS data management system (DMS) and a power connedifese connections can be
established utilizing the standard utility panelJES interfaces, which are anyway never fully ocedpiif a
dedicated power line is not possible or too expenskigure 9 demonstrates the different configoretiof the
proposed condensate storage concept: A = nominafigcwation, B = intermediate storage foro@MBUS
condensate, C = emptying intermediate storage @nkntermediate storage foroCumBus and US condensate.

B. Dew Point Based Condensation Control

For active condensation control an additional cdritw is suggested which controls the CHX inlehperature
based on a configurable delta § to the actual dew point temperature. The dewtpeimperature can be derived
from the actual cabin humidity and temperatureyoalseparate dew point reading e.g. from an enlaad&sensor.

It is suggested to use as freely selectable command input for the opetatallow full flexibility in condensation
modes. The control law shall then calculate andheeCHX inlet temperature inside the proposed kempeesof 5 to
12.5 °C. Based upon the analytical results pregdentehapter 4, the proposed ranges forare proposed for low,
high and no condensing modes.
1. The high condensing mode is defined to ensure mootis condensation. The control law sets the CHX
inlet temperature below the ambient dew point leRebposed range: >2°C.
2. The no condensing mode is defined to prevent caatem in the CHX. The control law sets the CHX
inlet temperature above the ambient dew point Iéeeposed range: < -2 °C.
3. The low condensing mode defines the intermediatgeabetween no- and high condensing. It is
suggested to be maintained within -2 °C  to +2 °C.

Additionally to the freely selectable , values can be pre-defined for automatic Failuegettion Isolation and
Recovery (FDIR) reaction to allow a for quick cagnufration changes following a failure.

As the dew point follows the CHX inlet temperat(see Figure 8), can only be maintained inside a certain
timeframe before the CHX inlet temperature reactmes boundaries of the proposed envelope, consiglexin
isolated module; with active IMV and matching consiaion modes in the other modules however the CatXbe
kept in a defined condensation configuration as lmarseen in Figure 4. To avoid an over sensiblérgbof the
CHX inlet temperature a dead band needs to be atbfinside which the CHX inlet temperature will stay
unchanged.

The proposed ranges for need to be verified and further thermal analysisequired to support the concept
accounting for a working TCS and also cabin airgerature control. To allow fine adjusting of thépgents a clear
feedback of the actual condensate flow is suggestien) a flow meter (see also V.A Storage Tank).

Air exchange with Node2 by active IMV will keep teavironmental conditions indLumBus relatively stable
even considering water vapor introduction by cravCoLUMBUS assuming a humidity level constantly below 45%
(maximum seen humidity in nominal operations in 201  43% (see Figure 4 Columbus Air Parameters
Overview). This excludes temporary humidity incesaduring CHX dryout operations) which relates ttes point
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of 10.5 °C. Adding the minimum proposed for a no condensing mode (2 °C) we get a CHX otimperature of
12.5 °C which defines the upper range of our predo€HX inlet temperature envelope. This temperatsre
assumed to be low enough to avoid conflicts withglenum temperature control law . Therefore it sarexpected
that a further increase of the CHX inlet tempermtainove the dew point will clearly bring the CHXdra stable no
condensing configuration.

In the current applied ops
philosophy the no-condensing
mode is only considered ir
failure cases (see IV.A
Mission Analysis); the no-
condensing mode presente
here shall be useable at an
desired time. This will ensure
a much broader adaptation c
the @LumBUS ECLSS to the
changing station requirements
Figure 10 depicts the
schematic design of the
enhanced control loop conceg
consisting of the additional
condensation control loop in
addition to the 3 existing loops
described in chapter 3. The_. - .
Data Management ComputeFlgure lO_Enhanced control loop concept consisting of the adtbnal
(DMC) calculates the currenicondensation control loop
dew point temperature from the air temperature lanmdidity readings provided by the CTCU and HS.eltds the
CHX inlet temperature setpoint via the DMS to theAVdepending input described above. The WPA controller
will then change the inlet temperature until thigemt is reached by utilizing the already existibgX temperature
control law. The DMC software has to be changechsiat ground control is able to command a deditate
condensing mode or that an FDIR reaction can triggg. a no-condensing mode following a loss ofdemsate
collection scenario.

VI. Conclusion

The proposed enhancements for active condensatiminot and condensate storage are a first steprésaan
integrated and station-wide humidity control cortcegpo which the proposed local condensation cdrdomcept
can easily be integrated.

The proposed improvements forolwMBUS create less operational efforts, provide a highperational
flexibility and are a very cost-effective solutisimce they mainly need the manufacturing of a Ca8@ CLCV, an
update of the DMC controller software as well asuglate of ground operations procedures and TMlalisp
systems. All other hardware components are alraadiable on the ISS.

Outstanding is still a further analysis to investiyif the @LumBus CHX can be operated for a longer time in
the no-condensing mode without degradation angeifoperational envelope of 5 — 12.5°C is an acbéptange to
avoid conflicts with the medium temperature loop.

Availability of more ISS environmental data canused to further analyze the interactions betweatiostwide
and local humidity conditions to optimize the desif the integrated and station-wide humidity cohttoncept.
For this analysis only the NODE 2 LTL data was klde, however more information on the condensirgles,
humidity levels and actual condensate productidinénother modules will allow much more detailedlgsis.

Although the dual-loop concept seems to be theebstilution regarding humidity and condensationtrabras
the single loop design has considerable interastigimich have to be considered between LTL and Mé&dtien, the
proposed enhancements can be used for the desigfutifre ACTS with automated and configurable emrs@tion
control if a single-loop concept is required.
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AFS
ATCS
CCAA
CFA
CHX
CIST
CLCcv
CLFS
CLSOovV
CTCU
CTS
CWSA
DMS
DMC
DPSB
ECLSS
ESA
FDIR
HS
MV
IRFA
ISFA
ISS
ITCS
LT
LTL
MT
MTL
NASA
SUP
TCV
VAC
WMV

Appendix A

Acronym List

Air Flow Sensor

Active Thermal Control System
Common Cabin Air Assembly

Cabin Fan Assembly

Condensate Heat Exchanger
Condensate Intermediate Storage Tank
Condensate Line Control Valve
Condensate Line Flow Sensor
Condensate Line Shut Off Valve

Cabin Temperature Control Unit

Cabin Temperature Sensor
Condensate Water Separator Assembly
Data Management System

Data Management Computer

Delta Pressure Sensor Block
Environmental Control and Life Support System
European Space Agency

Failure Detection Isolation and Recovery
Humidity Sensor

Inter Module Ventilation

IMV Return Fan

IMV Supply Fan

International Space Station

Internal Thermal Control System

Low Temperature

Low Temperature Loop

Medium Temperature

Medium Temperature Loop

National Aeronautics and Space Administration
Standard Utility Panel

Thermal Control Valve

Ventilation and Air Conditioning

Water Modulating Valve
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WPA Water Pump Assembly
WTSB  Water Temperature Sensor Block
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