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The Advanced Closed Loop System (ACLS) is currently under development by Airbus Defense and Space and 

is slated for launch to the International Space Station (ISS) in 2017. The addition of new hardware into an 

already complex system such as the ISS life support system (LSS) always poses operational risks. These risks 

can be mitigated through simulations prior to the installation of new hardware as possible issues can be 

identified before anything actually happens. In this paper the Matlab® based dynamic simulation tool Virtual 

Habitat (V-HAB) will be used to analyze the impacts of ACLS on other LSS and also crew time. V-HAB has 

been under development at the Institute of Astronautics of the Technical University of Munich (TUM) since 

2004 and in the past, has been successfully used to simulate the ISS life support systems. The amount of 

humidity that ACLS will release into the ISS atmosphere raises concerns on the impacts this will have on other 

systems and the required crew time. In a previous analysis, presented last year at ICES, ACLS was modeled 

together with the Air Revitalization System (ARS) of the ISS and a representation of the inter modular 

ventilation (IMV). Since the humidity is reprocessed by the water management systems of the space station it 

is necessary to include these systems in the analysis. Together with a new updated representation of the IMV 

this allows the prediction of where how much water will end up on the station. Additionally, the required crew 

time to empty water containers can be predicted as well. In order to get a better representation of the impact 

the humidity has on the carbon dioxide removal systems a new linear driving force model is used to include 

competitive adsorption of water and carbon dioxide. 

Nomenclature 

ACLS = Advanced Closed Loop System  

CCAA = Common Cabin Air Assembly  

CDRA = Carbon Dioxide Removal Assembly  

CFD = Computational Fluid Dynamics  

CHX = Condensing Heat Exchanger 

ESA  = European Space Agency 

FGB = Functional Cargo Block 

IMV = Inter-Modular-Ventilation  

ISS = International Space Station  

JEM = Japanese Experiment Module  

LDF = Linear Driving Force 

LSS = Life Support System 

OGA = Oxygen Generation Assembly 

PMM = Permanent Multipurpose Module 

SCRA = Sabatier CO2 Reprocessing Assembly  

SM = Service Module 

V-HAB = Virtual Habitat 

WPA = Water Processing Assembly  

q = Loading in [kg/kg] 

q* = Equilibrium Loading in [kg/kg] 

t = current time in [s] 

Δ𝑡 = time step in [s] 

km = adsorption kinetic factor in [1/s] 

 

I. Introduction 

N order for humans to survive in space they require reliable life support systems (LSS) which in general are complex 

systems with many dynamic effects that influence each other. Understanding and analyzing such systems is no 

simple task and since they are critical to the survival of humans onboard the space craft it is necessary to identify 

possible problems ahead of time. For that reason, computer simulations are often used to simulate LSS. One simulation 

tool for dynamic simulations is Virtual Habitat (V-HAB). The V-HAB Project was started in 2006 at the Institute of 

Astronautics of the Technical University of Munich1,2. It aims to provide a dynamic and modular framework for 

various LSS simulations. In a previous analysis a dynamic model of the Advanced Closed Loop System (ACLS) that 

is currently under development by Airbus Defense and Space in cooperation with the European Space Agency (ESA) 

and is slated for launch in 20173 was created. This model was then combined with a dynamic representation of the 

ISS atmosphere and life support systems to study the impacts ACLS will have on the atmosphere4. While other models 

of the ISS atmosphere with a more precise representation of the atmosphere exist5 these are currently separated from 
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the simulation of the LSS hardware. However, the atmosphere has a direct influence on e.g. the adsorption of CO2 for 

zeolite or the performance of a condensing heat exchanger. If the simulation of the LSS hardware assumes one ideally 

stirred volume for the ISS atmosphere the impact of local differences in the atmospheric composition will be 

completely neglected. On the other hand, a detailed computational fluid dynamic (CFD) model for the atmosphere 

requires too much computation time for a system level LSS simulation that has to simulate timeframes from days to 

months. However, since the atmospheric composition influences the LSS hardware and the LSS hardware in turn 

influences the atmospheric composition it is preferable to model both effects within one simulation to allow a direct 

coupling of these effects. Therefore, the model presented in this paper splits the ISS into ten discrete volumes and uses 

volumetric flow rate calculations for the Inter-Modular-Ventilation (IMV) flows. This enables the simulation to 

account for changes in the atmospheric composition as each module of the ISS has an individual atmospheric 

composition, while not requiring a full CFD simulation of the ISS atmosphere, thus achieving sufficiently low 

simulation times for a system level model. In the previous analysis the data used for the Inter Modular Ventilation 

(IMV) of the ISS was not up to date and since then the data for the current configuration6 could be obtained and 

implemented in the simulation. This paper will study the impact of ACLS on other systems in more detail including, 

to a limited regard, the Water Processing Assembly (WPA) and estimate the resulting additionally required crew time. 

For this purpose it was necessary to specifically track how much water each Common Cabin Air Assembly (CCAA) 

recoveres. Additionally, some changes to the dynamic behavior of the ACLS model were necessary to achieve a better 

representation of the actual dynamics instead of the worst case assumption used in the previous analysis4. Furthermore, 

a new model for the Carbon Dioxide Removal Assembly (CDRA) was implemented that uses a linear driving force 

(LDF) approach7 together with competitive Toth equations8 to calculate the adsorption reactions taking place within 

CDRA from a more fundamentally physical approach as the previous model. This allows a better predicition of the 

impact the humidity released by ACLS has on CDRA and also serves as a proof of concept for using such a detailed 

model in a simulation of the complete Air Revitalization System of the ISS.  

II. ACLS Model 

Since no new data aside from the ICES papers presented last year at ICES3,9 were available the Advanced Closed 

Loop System (ACLS) model did not undergo fundamental reworks like for example the CDRA model. The primary 

difference that will be noteable in the simulation results is the reduction of the humidity spikes that ACLS produces. 

This was achieved by implementing a better representation of the humidity desorption process in the ACLS absorber 

beds. While the preferred solution for both the adsorption and desorption processes within ACLS would be a model 

that uses the same basic approaches as described in this paper for CDRA the necessary data to implement such a model 

is not publicly available. Therefore, the ACLS model uses a simplified adsorption and desorption model which does 

not inject all of the water that was adsorbed during the CO2 desorption process at the state change of the bed. This was 

used as a worst case assumption in the previous model. Instead it now desorbes the water over the whole CO2 

adsorption time with a constant flowrate and therefore reduces the size of the humidity spikes significantly. Since the 

previous simulation was quite close to the daily values of humidity released to the cabin this paper will study a slightly 

different case. For this analysis the assumption was made that the condensing heat exchanger (CHX), which should 

recover water from the air outlet stream of ACLS, is not working as intended and does only recover water at the cycle 

change of the beds. At this time the super heated steam, that is currently within the beds, passes through the CHX. 

This is a realistic scenario as ACLS is supplied with medium temperature loop water that has about 17°C and the CHX 

for the air is located after the CHX of the Sabatier and the CO2 in the coolant water loop and therefore it is possible 

that the CHX cannot recover as much water as initially expected. With the water from the desorption process being 

desorbed over a longer time, the dew point temperature of the outlet stream might be lower than the coolant water 

temperature thus preventing water recovery. However, it should be noted that this is only a case used in this analysis 

for another “worst case” scenario, and is not the behavior described for ACLS in the available papers10. A comparison 

of the values for the water mass balance compared to the values released in ACLS papers is given in the table below. 
 

 

Table 1. ACLS Water Mass Balance Comparison. 

 Simulation (5 Day average) Mass Balance10 

Humidity Release 7.33 kg/day 4.9 kg/day 

Water Recovered from Air 0.11 kg/day 2.4 kg/day 

Water Recovered from Steam desorbed CO2 Stream 0.74 kg/day 1 kg/day 

Water Recovered from Sabatier 1.19 kg/day 1.2 kg/day 
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III. ISS Model 

The Inter Modular Ventilation (IMV) data that was used to calculate the ISS model previously was not up to date 

and since then the current configuration could be obtained and implemented in the simulation6. The new resulting 

configuration of volumes and volumetric flows is shown in Figure 1. Aside from this the simulation now includes an 

analysis of the interface flows from the Common Cabin Air Assemblys (CCAA) and ACLS to the Water Processing 

Assembly (WPA). This enables the simulation to track which CCAA recovers how much water and the differences 

between the cases with and without ACLS, enabling an estimation of the impact ACLS will have on the WPA and 

crew time. 

A. ISS Atmosphere Model and LSS Hardware Location 

 
The only differences between the IMV setup for the simulation as shown in Figure 1 and the actual IMV setup are 

the flowrates leaving the PMM and the Airlock as there is no specific IMV duct or fan to create these flows. Instead 

a fan pushes air into these modules and the backflow will take place through the hatch. As the model does not include 

a calculation for flowrates through hatches resulting from pressure differences or diffusion it was necessary to include 

a back flow with the same volumetric flowrate. This is a valid assumption as the hatches are fairly large and will 

prevent large pressure differences between the modules from occurring. The most prominent differences of this IMV 

setup compared to the one used in the previous analysis4 is the flow from Node 3 to the US Lab, which was not present 

previously. Additionally, the flow from the service module does not end in the US Lab but instead in Node 3. Aside 

from this the flowrates are overall lower as the previous model used 140 cfm (cubic feet per minute) for all IMV flows 

and the actual setup uses the volumetric flowrates as specified in Figure 1 within the green arrows. 

The human model and exercise schedule are identical to the previous paper4, and will not be discussed in detail 

here. In order to make it easier for the reader to understand the origin of certain effects in the results the crew schedule 

and location is given in the following table. Exercises are always assumed to be one hour long, while the sleep phase 

is assumed to be 8 hours long. 

Table 2. Qualitative Crew Timeline. 

Crew 1 US Lab Node 3 US Lab Node 2 US Lab 

Crew 2 Node 3 Node 3 Node 3 Node 2 Node 3 

Crew 3 Columbus Node 3 Columbus Node 2 Columbus 

Crew 4 FGB Node 3 FGB SM FGB 

Crew 5 JEM Node 3 JEM Node 2 JEM 

Crew 6 SM Node 3 SM SM SM 

Legend green Background is nominal metabolic load red is exercise grey is sleep 

SM 
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90.23 m³ 

 

Node 1 

57.82 m³ 
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73.94 m³ 

Node 3 

63.69 m³ 

PMM 

46.35 m³ 
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168.67 m³ 
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65.35 m³ 

ACLS 

Figure 1.  ISS Configuration used for the Simulation (dashed symbols indicate inactive 

systems) 
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B. Modelling the Impact of ACLS on the ISS Water Mass Balance and Crew Time 

In this section a short discussion on the specific impacts that ACLS will likely have on the water processing 

systems on the ISS as well as the possible cases where additional crew time might be necessary is given followed by 

an explanation about the calculation approach chosen to estimate these values. 

ACLS can be supplied with two different types of water, for the oxygen generation assembly (OGA) within ACLS 

potable water from the potable water bus of the ISS is required to electrolyse water and produce oxygen and hydrogen3. 

This water can not be taken from the internal ACLS water supply like for example the water recovered from the 

Sabatier reactor because the water does not reach the necessary quality. The water ACLS recoveres internally is instead 

used to generate the steam necessary to desorb the CO2 from the absorber beds3. From the steam used in this process 

a significant amount is ejected into the cain air3 where it will be collected by the different condensing heat exchangers 

(e.g. CCAA) in the ISS. The amount of water that is ejected to the cabin has to be supplied to ACLS from the 

condensate tank in the US-Lab, here potable water quality is not required3. Additionally a contingency water container 

(CWC) filled with condensate can be attached to ACLS to supply condensate in case the condensate from the 

permanent condensate supply line is not sufficient11. Overall this means that ACLS has three interfaces that can be 

used to supply ACLS with water and crew time directly associated to ACLS water operations would only be required 

to exchange the condensate CWC in case the condensate supply from the permanent line is not sufficient. Since ACLS 

ejects water into the cabin air it can also have indirect impacts on the required crew time for the ISS water mass 

balance. Each module on the ISS is interconnected through the intermodular ventilation and therefore the additional 

humidity is also transferred to other modules and different parts of the station. Since a discrepancy between the water 

recoverd in the US section and the Russian section already exists12,13 the humidity ejected by ACLS could result in a 

further increase of this discrepancy. This could result in the need for additional crew time because the US section is 

processing all of the urine on the station12 and for this reason is already running in a state of water surplus which 

requires the crew to fill CWC13. These CWCs can then be used to move the excess water to the Russian segment14. If 

the additional water recovered in the US segment exceeds the water demand from ACLS the imbalance between the 

US segment and the Russian segment would increase which would require additional crew time to move more CWCs 

resulting in an indirect impact of ACLS on the crew time. 

The approach chosen in this paper to study these effects is to calculate the condensate flows recovered by each 

CHX from the simulation and then calculate the daily averaged values of condensate recovered in each module. By 

comparing these values for the case with and without ACLS the differences of condensate water recovery in the 

different modules can be obtained. Since the water consumption from crew and the other ISS systems except for ACLS 

is identical for both cases (ISS with and without ACLS) this information is sufficient to calculate the impact of ACLS 

on the crew time and the WPA as a daily average value. A detailed dynamic Water Processing Assembly (WPA) 

model would further allow studies regarding short term dynamic effects that might result in additional crew time as 

well. For example if the water tanks within the WPA are reaching maximum capacity more frequently on a short term 

basis (time frame of hours) intervention by a crew member would also be necessary. Including such a detailed dynamic 

model of the WPA would however also require an extension of the human model to include other metabolic functions 

like water consumption and production of urine and feces to have the necessary information for the nominal WPA 

operations. Since the majority of the impacts can be studied without introducing additional models into the simulation 

(which would reduce the simulation speed) these impacts will be left for a future study and this paper will focus on 

the daily averaged crew time impact from ACLS.  

According to Reference 12 the time required to add 20 l of water to the WPA is about one hour. Because 20 l is 

also about the volume of one CWC13 the assumption made in this paper is that it takes one hour of crew time to move 

20 l of water from either the US segment to the Russian segment or from the Node 3 condensate tank to ACLS. 

Regarding the condensate supply for ACLS using a CWC the assumption was made that all condensate recovered in 

the US Segment will ultimately be gathered in Node 3 and therefore the CWC has to be filled from the tank in Node 3. 

For the condensate that can be supplied to ACLS through the permanent condensate water line the assumption was 

made that only the water available in the US Lab condensate tank can be accessed by ACLS through this line. 
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C. Model for the Carbon Dioxide Removal Assembly 

Regarding the subsystems of the ISS the models for the Common Cabin Air Assembly (CCAA) and the Sabatier 

CO2 Reprocessing Assembly (SCRA) did not undergo significant changes compared to the last ICES paper4 discussing 

the ISS life support system model within V-HAB. However, for the Carbon Dioxide Removal Assembly (CDRA) the 

model was completely reworked based on information published in several ICES papers over the last few years7,8,15,16. 

The new CDRA model now employs a modelling approach that is derived from the linear driving force (LDF) 

approach that better reflects the actual physical behavior. Previously the model used performance data that was curve 

fitted to CDRA test data. The linear driving force equation7 can be written as 

 
𝛿𝑞

𝛿𝑡
= 𝑘𝑚 ⋅ (𝑞∗ − 𝑞(𝑡)) (1) 

Using the factor 𝑘𝑚 to describe the kinetics of the adsorption and desorption process which was obtained from 

Reference 7 for this model. 𝑞(𝑡) is the loading of the absorber material in kg of CO2 or water per kg of absorber 

material at the time 𝑡. 𝑞∗ is the equilibrium loading which is defined as the loading that is reached after an infinite 

amount of time for the current temperature and partial pressure conditions. The equilibrium loading for competitive 

adsorption between water and CO2 is calculated based on the Toth equation8 with values for the different adsorber 

material from Reference7. Using the assumption that the equilibrium loading 𝑞∗ does not change during one time step 

the basic behavior of adsorption kinetics for time differences Δ𝑡 approaching zero or infinite is:  

 Lim
Δ𝑡→0

𝑞(t + Δ𝑡) = 𝑞(𝑡) (2) 

 Lim
Δ𝑡→∞

𝑞(𝑡 + Δ𝑡) = 𝑞∗ (3) 

In between these two extremes the linear driving force results in an exponential behavior of the adsorption flowrate. 

While the LDF equation (1) could be used directly to calculate the flowrate that is being absorbed by assuming 𝑞(𝑡) 
is constant for each time step this would limit the time step significantly since the LDF equation does not reflect the 

correct behavior for large timesteps as described by equations (2) and (3). Therefore, a slightly different calculation 

approach was chosen in this model to allow higher time steps and therefore higher simulation speeds. It uses the 

following analytical solution for equation (3) which will be called exponential approach from now on, to calculate the 

new loading after a time step of Δ𝑡: 

 𝑞(𝑡 + Δ𝑡) = 𝑞∗ − (𝑞∗ − 𝑞(𝑡)) ⋅ exp(−𝑘𝑚 ⋅ Δ𝑡) (4) 

The exponential approach is based on studies performed in 

reference 17 and was adapted for the current CDRA model. 

On the left in Figure 2 you can see a comparison of a 

calculation with constant equilibrium loading for a LDF 

calculation using small time steps (blue line) and for the 

exponential approach using only 1/100th of the time steps 

(yellow line). The red line shows the calculation using LDF 

with the same time step as the exponential approach. As can 

be seen the exponential approach results in the same loading 

for each time step as the LDF calculation with a smaller step 

size. Only between the steps differences between the two 

calculation can be seen. On the other hand the linear driving 

force using the larger time steps oscillates and even exceeds 

the equilibrium loading resulting in a entirely different 

dynamic behavior. However, equations (2) and (3) only 

describe the limits of the adsorption process correctly if the 

properties of the gas phase, especially the partial pressure of 

the substances being absorbed, are assumed to be constant. 

Since this is not actually the case further improvements to include these effects directly in the calculation are possible, 

which have not yet been implemented in this simulation but are planned for future work.  

 

 
Figure 2.  Comparison of LDF and exponential approach 
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Additionally a thermal model of CDRA was included that uses a lumped parameter thermal solver to calculate the 

temperature exchange between the different nodes. The basic structure of the overall model is shown in Figure 3. 

 

 
In the model each different absorber can be split into several cells creating a one dimensional representation of 

CDRA. Each of the cells will consist of a solid phase and a gas phase with the solid phase containing the absorber 

material while the gas phase contains the air flowing through CDRA. The gas phases are connected with each other 

by air flows from one cell to the next while the solid and gas phase exchange matter based on the adsorption/desorption 

calculation explained above. Additionally heat flows are exchanged between the solid phases of each absorber material 

through conduction and heat is lost to the cabin air from the solid material. There is no heat flow between the solid 

phase and the gas phase because in the thermal model these two are combined into one thermal mass using the 

assumption that the thermal contact between the gas phase and the solid phase is ideal within each cell. This is a valid 

assumption because the absorber material has a very large surface area. The composition of the beds and the masses 

of the absorber material within each bed is based on the values provided in Reference 15. One of the Zeolite 5A beds 

is connected to the vacuum during each cycle and desorbes CO2. For this process electrical heating is used to increase 

the temperature using a maximum electrical power of 980 W15. Once the cycle changes a selector valve switches the 

Zeolite 5A beds and the one that was desorbing is connected to the airflow cycle. The flow direction of the air flow 

through the Zeolite 13x and Sylobead beds is reversed. Since the temperature of the absorber material in the 5A bed 

is still at 204 °C15 the air flow to the 13x and Sylobead downstream of the 5A bed will have a higher temperature 

which initiates the desorption of the humidity that these beds had adsorbed in the previous cycle. Additional each 

adsorption or desorption process is asscociated with a heat flow per mol of absorbed substance for which values are 

provided in Reference 7 Table 1. The current model does not include the calculation of these heat flows yet but a 

model that also includes the heat of adsorption/desorption is currently in work. Because this effect is currently 

neglected, the dehumidifying beds do not increase their temperature during adsorption, which increases the capacity 

of water for these beds. Therefore, a break through analysis for the humidity is not possible with the current model. 

Figure 3.  CDRA Model Structure 
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The following plot is an example for the capabilities of the current CDRA model and shows the partial mass of 

CO2 within each of the absorber bed cells. The Sylobead beds are not shown here because they do not absorb CO2. 

IV. Simulation Results 

A. CDRA Verification 

Because of the extensive changes of the CDRA model it was necessary to validate the model again. An overlay of 

test data from Reference 18 and the results from the new model is shown in the following figure. 

 
As can be seen in the figure the new CDRA model matches the test data closely, and further improvements in this 

area could be achieved with the more detailed model of CDRA that was implemented. The difference that is visible 

at the beginning of the simulation data is a result of a water carry-over event in the CDRA test at this time, resulting 

in a shut down of CDRA17. Furthermore the Raw Horriba data was not correct because of wrong calibration gases and 

had to be correct.17 Therefore the MCA test data from hour 41 onward was compared to the simulation for verification. 

 
Figure 5.  Validation for CDRA model (light blue line) with test data (black line) from Reference 18. 

Simulation 

 
Figure 4.  Partial Mass of CO2 within the individual cells of the absorber beds. 
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B. ISS Humidity and CO2 Level Results 

Since the Inter Modular Ventilation in the previous paper4 was not up to date the results for the humidity and CO2 

level will be included in this paper even though they were not the focus of study here. 

The basic behavior of the CO2 level is still the same but an overall lower level for both cases compared to the 

previous simulation results can be observed. Additionally the lower flowrate through the IMV results in more 

pronounced peaks for example in the Columbus module when the crew member returns after the exercise. 

 

The humidity shown on the next page shows the difference in the modelling approach for the ACLS humidity 

release as the distinct spikes for the humidity are no longer visible. Instead a similar behavior to the one CDRA shows 

but with a smaller time frame can be observed. Also the humidity level now shows a distinct increase in the humidity 

level for the case with ACLS of about 5% humidity on average. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6.  ISS Partial Pressure of CO2 Simulation Results for the current ISS LSS configuration with ACLS. 
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C. ISS Water Mass Balance Results 
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Figure 8.  Recovered Water on the ISS per day for each Module, without (left) and with (right) ACLS 
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Figure 7.  ISS Relative Humidity Simulation Results for the current ISS LSS configuration with ACLS. 
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Please note that the values for the recovered condensate in Figure 8 were rounded to one digit after the decimal 

sign to prevent the illusion of higher accuracy in the simulation. It is difficult to provide good estimates on the accuracy 

of the overall simulation and the reader is asked to consider the provided comparisons from Table 1 and Figure 5 as 

estimates for the overall accuracy of the simulation. Another limitation of the current model that should be mentioned 

is the fast that it does not yet include the dynamic behavior of the atmosphere temperature as was also mentioned in 

the previous paper4. This is also a part of the model that is currently in work that was unfortunately not finished in 

time for this paper. This has an impact on the dynamic behavior of the CCAAs as their actual control algorithm only 

reacts to temperature changes and does not control the humidity directly19. Since the atmosphere temperature in the 

current model is set constant an active control of the humidity was used for the CCAAs instead. However, as a quite 

conservative worst case assumption for ACLS was chosen the results should still provide insight in the possible effects 

of ACLS on the ISS life support system. For the following calculations the values will be used with two digits after 

the decimal to provide a clearer calculation and not have rounding of the simulation results affect the calculation 

unnecessarily. 

In this simulation the ACLS model requires 7.33 kg of condensate quality water per day, but in the US Lab only 

7.16 kg/d are recovered. Assuming that all of the condensate recovered in the US Lab can be used for ACLS about 

0.17 kg/d of condensate has to be supplied with a CWC. With a volume of about 20 l this means the CWC has to be 

replaced every 117 days which would require 1 hour of crew time according to the assumptions made in this paper. 

Since the CCAA in the US Lab is already running at its maximum operating point it is unlikely that this can be 

completely avoided for the studied case. However, if ACLS is able to recover as much water internally as stated in 

Reference 10 it could be possible to eliminate the required crew time completly. 

It should also be noted that in case only the additional condensate recovered in the US Lab can be used for ACLS 

(for example if other systems already consume some of the condensate) the crew time demand would increase 

significantly to one hour of crew time every five days. At present however there are no systems know to the author in 

the US Lab that already consume condensate grade water. 

Regarding the imbalance between the Russian and the US Segment, the simulation does not suggest a further 

increase but rather a reduction of this imbalance. The additionally recovered water within the Russian segment for the 

case with ACLS could remain within the Russian segment while the water required for ACLS in the US Segment can 

be taken from the water surplus that already exists in the US Segment. This means no additional crew time is required 

to carry water between the Russian and the US Segment, and in fact the currently required crew time for this might 

even be reduced when ACLS is operating. To make a well-founded estimate for this it would be necessary to include 

more detailed models of both water processing systems as well as a model for the crew time that is currently required 

for their operation. It should also be noted that the model for the Russian humidity control system is just another 

CCAA at the moment, as a detailed model of the Russian systems could not be created yet. 

V. Conclusion 

This paper addresses some of the improvements that were considered to be future work in the previous paper4. For 

example including a CDRA model based on linear driving force calculations. Additionally a new up to date 

configuration of the IMV was implemented and used to study the impact of the humidity released by ACLS on other 

systems and the crew time. The results indicate that only a small amount of crew time will be required to exchange 

CWCs for additional water supply to ACLS (one hour over 117 days) as long as ACLS can receive all of the 

condensate that is gathered in the US Lab. The location and amount of the retrieved condensate between the Russian 

and US Segments also indicates that a reduction in the water imbalance between these two could be achieved during 

the operation of ACLS, but further study would be required to estimate possible positive impacts on the overall crew 

time demand because of this. 

The paper can also be seen as a proof of concept for the utilization of detailed physical based modelling approaches 

within a system level simulation of life support systems in V-HAB by using a detailed LDF based model for CDRA. 

In future work the model should be further improved to include the heat flows from adsorption and desorption to 

increase the predictive capabilities of the CDRA model. If it becomes possible to obtain the necessary data for such a 

detailed model for the ACLS and Vozdukh adsorber beds it is suggested that a model similar to the current CDRA 

model is used to model the adsorption and desorption processes within ACLS and Vozdukh. Futhermore, the work on 

the ISS model to include dynamic temperature effects and a detailed model of the water processing assembly is 

ongoing. 
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