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Abstract: The current concept of Crew Quarters (CQ) aboard the ISS has several issues as recorded
by NASA and ESA, the most important ones pertaining to the noise levels and the accumulation of
CO2. Currently, 13% and 6%, respectively, of the total mass and volume of a CQ are allocated to
acoustic reductions. Interplanetary missions, unlike the low orbit 1SS, would likely not allow this level
of mass and volume penalty. This paper presents numerical models of the airflow inside the enclosure
which were developed as a preliminary approach of our team to aid in the proposal of two different
air distribution strategies for the CQ existing on the ISS. The CFD models feature a simplified and
detailed version of al thermal manikin which simulates the posture of the human body during sleep
and recreational activities. These preliminary simulations were run for a zero-gravity scenario and
are concerned mainly with the airflow parameters and temperature buildup inside the CQ.
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1. INTRODUCTION

This study concerns the current concept of Crew Quarters (CQ) aboard the International
Space Stations’ (ISS) Node 2 “Harmony”. With the advancements in space research and the
experience gathered through years of exploration and study, the duration of space missions
has steadily increased. This increase comes with a cost, the spacecraft and systems aboard
needing to be efficient and robust in the long term. At the end of the day though, humans are
at the centre of it all and thus they also need to operate at peak performance in a manner
sustainable over long periods of time [1, 2]. Human error aboard a spacecraft presents as
great a risk as any equipment malfunction. Although training can help dealing with short
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term stressful situations, it is not a viable solution in the long term. Thus, the concept of the
CQ was born. A place where the astronauts can unwind and rest, offering some much needed
privacy akin to a home and a quiet place to sleep away from the general noisiness of the 1SS
aisleway. The design of a functional CQ must tackle several technical challenges. First of all,
it needs a functioning ventilation system to compensate the lack of natural convection found
in microgravity. Second, since it can be compared to a confined space it needs good acoustic
isolation in order to mitigate the vibrations felt throughout the structure of the CQ and the
direct noise coming from the ventilation system. Last but not least, all of the systems need to
be as energetically efficient as possible, while having a long lifespan and offering easy
access to manual intervention as well as redundancy protection. The current CQ solution was
designed to fit inside the standard rack spaces present on the ISS, [3, 4]. The ventilation
system is composed of two axial fans, one used for the introduction of air into the CQ, the
other for its extraction. Each of the two fans is individually capable of supplying the airflow
parameters necessary for avoiding asphyxiation hazards in case one of the fans breaks down
and the alarm system malfunctions. The interior of the CQ as well as the ducting of the
ventilation system is acoustically isolated. Despite all this, the system is not perfect and
reports consistently indicate the presence of the following issues. The primary issue is that
astronauts wake up presenting symptoms of CO intoxication. Reports also mention
temperature increases above the comfort level. A common solution for these problems is
setting the fans to their highest speed setting, but this in turn causes acoustic levels to rise,
hampering the astronauts’ sleep. From our preliminary studies we found that at the current
CQ design can be improved in order to reduce the noise levels, increase the personal space
for astronaut, increased thermal comfort, reduce the CQ total weight, higher efficiency for
the air distribution, personalized ventilation system in CQ for the crew members in order to
remove CO; from the breathing zone. These improvements are the objective of the QUEST
research project developed by our research team. One of the goals of our project is to
understand the flows occurring in the actual design of air diffusion system of the existing CQ
on the ISS. Two different cases are evaluated by means of numerical simulations in order to
ascertain the performances of the proposed system. One of the cases concerns the airflow
inside the cabin for a simplified geometry of the human body resting within. The second
case, studies the airflow as well as temperature parameters for a human resting in the natural
position assumed in microgravity conditions. The two cases will be compared to each other
with the aim of highlighting the difference between the simplified and the complex
geometries. The end goal is to obtain information which can be used to further improve the
models. In a later stage of the project these improved case studies will be validated with
experimental data and once this is done they will be used to test different adjustments to the

ventilation system aimed at optimizing the parameters of the internal artificial atmosphere.
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Figure 1: Current configuration of CQ on board of ISS
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2. METHODS
2.1 Technical requirements of the studied cabin

The total deployed volume of a CQ is around 2.1 m® and it was desirable to provide as large
a habitable volume for the crew member as possible with the respect of the configuration to a
standard US rack volume [3, 5, 6]. The structure of a CQ is divided into three main areas:
bump-out, rack, and pop-up (Figure 2). To maximize the amount of interior volume, the
bump-out and pop-up were designed to contain key features for operation as well as to
provide additional headroom. Currently, the ventilation system provides airflow at three
different flow rates, allowing crew members to adjust airflow to their preferred settings. The
CQ are not connected to the ISS fluid loop connections, instead they are using in cabin air
from Node 2 for ventilation. The CQ ventilation system utilizes a double flux fan system,
where Node 2 cabin air is pulled into the CQ with the fan located in the intake duct, pushed
into the CQ interior volume, and a second fan in the exhaust duct pulls air out through the
CQ exhaust air grille. The ventilation system’s main objective is to flush the carbon dioxide
concentration, which in high levels represents an asphyxiation hazard. Inside the CQ, the air
receives the crew member's metabolic heat (considered to be between 100 and 132 W) and
the electronics heat (around 153 W) [3, 5, 6]. The air is then directed though the CQ exhaust
duct outlet and directed parallel to the rack face and down the aisle way toward the Node 2
CCAA air return. The CQ air intake and exhaust directions are consistent with the general
Node 2 air circulation, which allows the CCAA smoke detector to identify combustion
events within the CQ. Additionally, these intake and exhaust directions minimize
recirculation of air between CQ which would result in some CQ interiors not receiving
adequate cooling. The primary vehicle level interface ventilation requirements for the CQ
are: 0.42-5.1 m®/min of airflow and exhaust air velocity lower than 1.2 m/s.

2.2 Numerical methods

The CQ geometrical model along with the virtual manikins were built using the SolidWorks
software in Figure 2. Other numerical studies concerning the ventilation in CQ on ISS can be
found in [7, 8] Two cases were considered: Case 1 — existing ventilation solution with
simplified human body model and Case 2 — existing ventilation solution with anatomic
human body model in neutral position generated by the zero gravity. Unstructured
tetrahedral meshes were generated for both studied cases. Case 1 was already presented in
detail in [7]. This configuration of the air diffuser is composed by four rectangular regions,
each of them having independent vertical and horizontal guiding vanes [3, 5, 6]. For the Case
1 the unstructured tetrahedral mesh has 4.8 million elements, for Case 2 the mesh has 5.7
million cells. In both cases there are 9 cells in the boundary layer region near the walls.

a)
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Figure 2: Geometries and details of the used mesh grids: a) case 1, b) case 2

The air distribution solution uses four rectangular regions as inlets. Each region is equipped
with independent vertical and horizontal guiding vanes, allowing for the adjustment of the
flow entry direction.

For the boundary conditions, we imposed three mass flow rates corresponding to the three
positions of the fan controller: low, medium and high, 108 m*/h, 138 m?/h and 196 m%h [3],
respectively.

The inlet air temperature was in all cases 18°C corresponding to the air taken from Node 2.
The heat flux from the walls was equivalent to 150 W (imposed wall temperature was 22
°C). On the different zones of the virtual manikin inside the CQ we imposed the
temperatures from Table 1.

Table 1. Temperatures imposed on the manikin surface

t thead theck ttorso tshoulders tarms trorearms thands tthighs tshins Lreet

°C 36 35 34 34 33 32 30 32 30 28

3 RESULTS AND DISCUSSION

Figure 3 presents the distributions of the velocity magnitude in the coronal plane of the
virtual body and the iso-surfaces of the velocity magnitude corresponding to 0.6 m/s. First of
all, when regarding these results one must take into account the fact that the placement of the
virtual body of the manikin is different inside the CQ. Thus, the velocity distributions in the
coronal are completely different.

A slight difference between Case 1 and Case 2 is also occurring between the iso-surfaces of
the velocity magnitude but this has to be an effect of the different mesh grid itself.

Velocity magnitude [mis]

R 1a)

INCAS BULLETIN, Volume 10, Issue 2/ 2018



141 Improvement of the Ventilation of CQ on board of the ISS

Velocity magnitude [mvs]

n:
11
. 1

09
oy 08

or
!us ‘
B os
M o4

03

02
E

Velocity magnitude [mvs)
N

11

1

= 09
y 08

\ o7
\ ™ os
05
04
03
02
[ 01

2b)

B Velocity magnitude [ms)
X

lu
11

1
09
B 08

o7
06
05
04
03
02
01

2a) 2c)

Figure 3: Velocity magnitude distributions and iso-surfaces of the velocity magnitude corresponding to 0.6 m/s:
1) Case 1, 2) Case 2; a) 108 m3/h, b)138 m¥/h, ¢) 196 m3/h

We are searching for cases in which air velocity values might surpass comfort levels. NASA
recommendation is that 66% of velocity values fall within the 0.46-0.7 m/s range [9]. As
seen above, for each of the three flow values assumed (108 m3/h, 138 m®h and 196 m?/h) the
velocity magnitude profile is different. The first case presents higher air velocities near the
head and at the manikin’s right-hand side, while the second lacks these higher air velocities.
This is due to the positioning of the manikin in each of the cases and due to the airflow
direction. The second manikin being positioned in what is essentially a stagnation region,
these results are not surprising. In the region of the head and of the chest, fairly high values
of the velocity magnitude from the point of view of limitations imposed by the thermal
comfort standards, suggest that a sensation of thermal discomfort might occur. This is
confirmed by the distributions of the draught rate from Figure 5.

The temperature distributions in the coronal plane are presented in Figure 3 and for Case 2
they display higher overall temperature values. Once again, the explanation is found in the
position of the manikin and this time in its posture as well.
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Figure 4: Air temperature distributions1) Case 1, 2) Case 2; a) 108 m3/h, b)138 m?/h, c) 196 m%h

INCAS BULLETIN, Volume 10, Issue 2/ 2018



Florin BODE, Iinca NASTASE, Cristiana CROITORU, Mihnea SANDU, Angel DOGEANU, loan URSU 142

Draught Rasle [%)
= 250
= 200
- 150

13) T\ N T

Draught Rate [%)
-
20
- 5

Draught Rate %)

P. s [
' { 20
| w15

Draught Rate [%]
-
20
| mm 5

2a) 2b) 2¢)

Figure 5: Draught rate: 1) Case 1, 2) Case 2; a) 108 m?/h, b) 138 m%/h, ¢) 196 m3/h

Since the first manikin is close to the wall and is situated in the path of the air current, a great
temperature difference is found between the right-hand side and the left-hand one. This
temperature difference being of almost ten degrees in the last case, negatively affects the
comfort levels.

The second manikin being in a looser posture and being surrounded by the air jets presents
smaller differences in temperature between the left and right sides. In both cases an increase
in local temperature can be observed in the upper area of the body between the torso and the
arms, as well as around the shoulders and the head region.

Figure 4 below, shows the comparison of the draught rates. As predicted, the first case
presents higher draught rate due to the measuring plane being in the region of the room
where the airflow is directed. High draught rates can be observed on the right-hand side in all
of the 3 variations of the first case, while the last two also present high values for the head
region. The second case presents no discernible increase in draught rate around the manikin
for any of the three flow rates. This fact is due to the positioning of the manikin inside the
airflow dead zone.

The previous results clearly display that the realism of a model could influence the obtained
results and indirectly a design conception. In our case, an improved solution of the
ventilation system must take into account this realistic position of the human body. Its
posture and location within the CQ must be correlated with the airflow direction of the
diffuser in order to achieve satisfactory comfort parameters. This is by far the most important
factor to consider. Studies on thermal comfort for indoor spaces and vehicles can be found in
[10, 11]. The manikin in the neutral posture offers an advantage in the sense that it is easier
to evaluate the temperature levels on different body regions while also being more
representative of actual resting period conditions.
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4 CONCLUSIONS

The cases presented in this study highlight the importance of the correlation between
the body posture and the position within the CQ. A general conclusion to be drawn is that
the ventilation solution must be highly customizable. A way to improve the comfort could be
the use of lobed jets as a solution for the air introduction [12, 13]. Being adaptable to a wide
range of situations while meeting the required safety standards is paramount. Improving the
comfort levels is a high priority subject as the stress generated from uncomfortable
situations, when built up, can not only affect working performance but might also endanger
lives.

The increased velocity obtained by aiming the flow directly at the body definitely improves
the CO, accumulation issues but is prone to cause discomfort, thus future research might
consider finding a configuration that reasonably increases air velocity without significantly
impacting body temperature and draught rates. For our part, the research presented herein
shall be correlated with experimental data, when said data will be available, and will serve as
a sort of baseline. Upon this correlation of data, the ventilation configuration and the
numerical model shall be continuously improved. This paper, regarding the comfort aboard
spacecraft, is also a means to bring to attention an avenue of research which hasn’t yet been
fully explored and it is our team’s belief that said avenue cannot be tackled too soon.
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