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Abstract

Improving comfortable environmental conditions for passengers
has been the focus of airliners in recent decades. This can be
achieved by studying air distribution systems and factors
impacting this goal inside the cabin to create a healthy
and comfortable environment for passengers and the cabin
crew. This Research was done using Ansys Fluent 17.0,
which has new features that can improve the results. The
standard air distribution systems used recently in air cabins
are a combination of mixing ventilation and personalized
ventilation, and this study will enable simple modification in
the ventilation system to improve the ventilation efficiency,
thus saving passengers from being infected by each other.
Commercial airplane environmental control systems (ECS)
currently use mixing air ventilation systems, which are
necessary to create a safe, thermally comfortable and healthy
cabin environment. The CFD program (Ansys Fluent 17.0) was
run after meshing the modeling for more than 7 million mesh
element size for both cases that are simulated in the present
study. Its modeling techniques solved the equations of energy,
momentum, continuity and species transport as well as RNG
k-epsilon model equations for turbulence closure. The PMV
and PPD indices were used to predict thermal comfort in the
present study.
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Introduction

In recent decades, travel by aircraft has increased considerably.
It is noted that the number of travelers continues to increase every
year. Almost two billion people travel by air worldwide every year?,
and this is projected to increase 4.2% over the next two decades2.
Accordingly, the large number of passengers has to be made
comfortable, healthy, safe and free from contracting diseases during
their travel. In this Investigation, we have revised the acceptable
methods of air distribution inside aircraft cabins to enhance the
safety of passengers.

Acceptable indoor air quality means air in which there are no
known contaminants in harmful concentrations as determined by
cognizant authorities and with which a substantial majority (80%
or more) of the people exposed do not express dissatisfaction3. So
the Indoor Air Quality (IAQ) plays the main role in achieving the
recommended conditions. Modern commercial airplanes cruise at
a variable altitude above sea level, where the outdoor environment
(pressure, temperature and relative humidity) is extreme. For example,
the barometric pressure is only about one-fifth of that at sea level,
the temperature is about -55°C (-67°F), the air is nearly dry, and
there is a high risk of ozone exposure4. Due to extreme difference
between indoor and outdoor physical parameters, an Environmental
Control System (ECS) is necessary to be equipped in airplanes to keep
travelers and cabin crew safe. The ECS consists of two parts. The first
one that controls the thermal comfort and air quality of the cabin is
called the main air distribution system, which must ensure thermal
comfort and healthy environment for each traveler. The second part
is the individual air supply system that supplies conditioned air to
every traveler directly in the breathing zone. Airbus and Boeing
aircraft manufacturers use the individual system in which it is easier
to control the air flow and direction by the traveler to achieve the
desirable environment.
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Cabin air ventilation:

o Outside air continuously enters engine where it is compressed.
It then passes through cooling packs to a mixing chamber.

9 Outside air entering the mixing chamber is mixed with
recirculated air that has been cleaned with high efficiency
filters. The fillers are similar to those used in critical
wards of hospitals. The makeup of air in the mixing chamber
is approximately 50% outside, 50% recirculated.

Passenger compartment
| air distribution
@ Mixing chamber

Gasper fan

0 Air from the mixing chamber is then supplied to the
cabin from overhead outlets on a continuous basis.

@ As outside air enters the airplane, it is being
continuously exhausted.

® k-e¢ model,
® k-w model, and
® SST, among others

These models are more ac-
curate and fundamentally more
acceptable than empirical ones.
The empirical models are ap-
proximations, which assemble
different phenomena to remove
a number of unknown parame-
ters. For this reason, these mod-
els are not reliable and therefore
should not be generalized.

The CFD models can be
divided into two groups:

e Recirculation o
system (2 locations)

Flight compartment air distribution

Engine

(1] (i) The Eulerian-Eulerian
Aifl-cw_"'iwhg packs Model
/ @ locations) It considers the gas and solid

phases as two interpenetrat-
ing continuum flows.
(ii) The Eulerian-Lagrangian
Model

It considers the gas as a

Figure 1: Airplane ventilation system details’

Airplane Ventilation System

The cooled conditioned air is supplied to the aircraft cabin
through air conditioned packs located under the wing center
section. These packs are supplied with equal quantity of outside
air from the engine compressor and filtered recirculated air,
as shown in Figure 1. The outside air is mixed with filtered
recirculated air in a mixing manifold to give almost 20 cfm of
air for every passenger, which corresponds to a complete air

fluid phase and the solids as a
discrete phase.

The Eulerian-Lagrangian model uses Newton'’s second law
in computing the trajectory of each individual particle. The
particle interaction in between can be described by the potential
energy or the dynamics of collisions. Knowing exactly the particle
trajectory and the system variables are the advantages of this
method. However, this requires high computational effort, higher
still when gas and solid velocity fields are coupled. The present
mathematical modeling has been done on Airbus A340-600

change every 2 to 3 minutes (i.e., 20 to 30 air
changes per hour). The recirculated air is filtered
by high-efficiency particulate air (HEPA) filters
before being drawn into the mixing manifold.
The recommended thermal comfort condition is
in the range between 22.5 and 26°C and 30-60%

relative humidity (RH)é. The indoor temperature 10841 mm
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and humidity must be kept within the acceptable (41.50 1)

range mentioned above. In this investigation, we
will study thermal comfort and IAQ by analyzing
and providing the best air distribution modes for |
passengers, using Computational Fluid Dynamics )
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equations (Navier-Stokes) and conservation
principles along with specialized turbulence
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models:
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Figure 2: A340-600 aircraft interior design®
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Figure 3: Computational representation of A340-600 aircraft geometry

aircraft that are widely used in international transportation and
carry a huge number of passengers; hence this study is focused
on making the CFD simulation arrive at an optimum design that
achieves all parameters for human comfort. In case of airborne
diseases in the aircraft being out of control, infection can be
transferred rapidly. The aircraft cabin dimensions are 5.29 m width,
4 m length and 2.40 m average height, as shown in Figure 2. It
consists of 4 rows, 8 seats for each, and all seats being occupied
by passengers. The lighting, composed of two fluorescent lamps,
is mounted on the ceiling. The exhaust consists of two outlets that
are located in the side wall at the bottom; each exhaust is 0.15
m and the supply air has two main inlets with a width of 0.15 m
and a round diffuser for each passenger with a diameter of 0.02
m. The cabin body has double glass windows with the standard
dimensions of 0.25 m width and 0.34 m height, as shown in Figure 3.

Case Studies

Ansys Fluent 17.0 was used to simulate the aircraft cabin
environment for Airbus A340-600 during the cruise flight. The
aim of this research is to arrive at the best comfort environment
by modifying the supply and exhaust locations that can
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Figure 4: Basic configuration geometry
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improve air quality, temperature and humidity, which are the
important parameters; compare and analyze the simulated cabin
environment with mixing and personalized ventilation systems;
and to reach the optimum design to save the occupants against
airborne diseases. All the researched air distribution systems
simulated prior to this are under-floor displacement ventilation,
mixing ventilation and personalized ventilation.
Basic Configuration

This case and the other case consist of two air distribution
systems working together. The air distribution systems are mixing
ventilation and personalized ventilation systems, as shown in
Figure 4. The air in this case is supplied from main inlets in the
center of the two corridors and the other inlets are circular
diffusers above the passengers. The air is exhausted from two
linear slot diffusers at the bottom of the side walls of the cabin that
serve the whole aircraft.
Modified Configuration

The air distribution systems are the same as in the first case
- a mixing ventilation and personalized ventilation system. The
air for this design is supplied from main inlets in the center of the
two corridors, and the other inlet is the circular diffuser above the
passengers. The air is exhausted from three linear slot diffusers,
as shown in Figure 5: two at the bottom of the side wall of the
cabin and the third in the middle of the cabin floor. The boundary
condition for this case is the same as in the Basic Configuration;
only the under-chair outlet is added to improve ventilation.

Outlet under Chairs
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Figure 5: Modified configuration geometry

Results and Discussion

The temperature contours of the Basic Configuration in
Figure 6, and the Modified Configuration in Figure 7, show that
temperature values are distributed well for the four chairs in the
middle of the aircraft and the two chairs on the pathway of the
corridors having a temperature within the recommended ranges
for the four columns, and a temperature between the 21 and
26°C that is comfortable for the passengers. Figure 8 indicates
that the velocity contour values are about 0.22 m/s around the
passengers, but also indicates air flow dead zones that mean
these areas need more ventilation. Figure 9 shows the velocity
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Figure 6: Temperature contours for the second column of Basic
Configuration, °C

Figure 7: Temperature contours for the second column of Modified
Configuration., °C

Figure 8: Velocity contours for the second column of Basic
Configuration, m/s.
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Figure 9: Velocity contours for the second column of Modified
Configuration, m/s.
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Figure 10: PPD contours for the second column of Basic Configuration
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Figure 11: PPD contours for the second column of Modified
Configuration

Figure 12: PMV contours for the second column of Basic
Configuration
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13: PMV contours for the second column of Modified
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Figure 14: RH contours for the second column of Basic Configuration

contours of the second case also around 0.22 m/s, but both
the passengers and other areas are having good ventilation
of the cabin and hence guaranteeing passenger safety and
comfort?12,

The contours shown in Figure 10 to 13 indicate the predicted
PPD and PMV for the Basic Configuration and the Modified
Configuration. The PMV values are well in the range of comfort
(-0.5 < PMV <0.5) according to ASHRAE 55 (2017).

Figure 14 and 15 show the RH for the second column of the
passengers from the window side and it is clear that the Modified
Configuration is more comfortable than the Basic Configuration;
this shows the huge effect of adding additional exhaust air at the
floor of the cabin.

The important parameters here are the dimensions of the
exhaust air duct that are calculated, which will reduce the
space in the cargo hold and can be discussed with the airliner
manfacturer.

Conclusions

1. The air distribution system of the Basic Configuration helped
to have velocity values within the recommended range, as
referred in ASHRAE 55 (2017), in the cabin. The maximum
velocity value in the cabin was about 0.27 m/s.

2. Using theair distribution system of the Modified Configuration
provided a good air temperature distribution in the cabin, and
the temperature values at the zones between the passengers
did not exceed the recommended values 22.5 and 26°C and
30-60% RH6.

3. Combining the mixing air distribution system with a
personalized air distribution system creates an efficient
ventilation system when providing an additional exhaust
outlet.

4. Personalized air distribution systems have many designs but
the important point of the design is to direct the fresh air to
the breathing zone and to design the suction surface near
it to minimize contaminant transportation, as shown in the
Modified Configuration.
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Figure 15: RH contours for the second column of Modified Configuration

5. The Modified Configuration is a simple design modification
to the normal ventilation system and does not cost much for
improving the ventilation system in the cabin.

6. The Modified Configuration can be modified in the future by
adjusting the dimension of the outlet and the velocity of the
inlet to reach the optimum design.

7. Air distribution must achieve velocity and temperature
balance in the cabin, and this can be done by changing the
locations of supply and return air terminals.
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