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ABSTRACT

The main objective of this thesis is to study the applied ventilation system inside the
economy section of the Airbus A-350 cabin and to compare it with modified designs by
adjusting the conditions of the inlet and outlet diffusers aiming to reach the optimum design.

In order to achieve this main objective, it seems important to make the environment for
passengers at cruise conditions at 12,200 m altitude to be normal, where the surrounded air
pressure falls to about one-fifth the atmospheric pressure and the relative humidity may
record 10% or less.

In order to achieve the optimum ventilation design, some properties and functions should be
determined such as (Temperature, Flow Velocity, Relative humidity, PMV and PPD), where
a numerical solution will be implemented in order to measure these properties.

A Computational Fluid Dynamics (CFD) software determine used to solve continuity,
momentum and energy equations for the flow of air inside the cabin.

Using the latest version of ANSYS Fluent (17.2) the flow was solved by dividing the
selected cabin’s control volume into about 9,000,000 elements and applying the governing
equations to each element and solving the realizable k-¢ turbulence model.

Three different ventilation designs were compared. The first was the currently applied design
in which the supply air was supplied through two ceiling inlets vertically to the cabin and
extracted via two return ducts in the side walls near the floor. The second (modified) design
depended on adjusting the directions of the supply air to ensure better distribution of the
conditioned air, while in the third design the air was returned through two intermediate ducts
mounted on the cabin aisles in addition to the basic two side returns.

It is concluded here that the shorter the flow path, the better the ventilation characteristics and
the better is the indoor air quality, since the best PMV & PPD values are obtained through
adding extra return ducts, ensuring a homogeneous flow.
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Chapter (1)
Introduction

1.1 General

The aircraft cabin is basically similar to any indoor environments, for example offices, homes
and malls, in that people are exposed to a mixture of fresh and recirculation air. However, the
cabin environment is different in many issues—such as, the high occupant density, the
inability of occupants to leave at will, and the need for pressurization.

In flight, people encounter a combination of environmental factors that includes low
humidity, reduced air pressure, and potential exposure to air contaminants, such as ozone
(O3), carbon monoxide (CO), various organic chemicals, and biological agents beside the
hazard of infectious transmission.

Commercial jet aircrafts operate in an external environment that varies widely in temperature,
air pressure, and relative humidity as they move from taxiing and takeoff through cruise to
descent and landing. To transport passengers and crew through environmental extremes, an
aircraft is equipped with an environmental control system (ECS) designed to maintain a safe,
healthy, and comfortable environment for the passengers and crew.

The air provided to the passengers and crew on jet aircraft is typically a combination of
outside air brought in through the engines and air that is taken from the cabin, filtered, and
recirculation. The ECS is designed to minimize the introduction of harmful contaminants into
the cabin and to control cabin pressure, ventilation, temperature, and humidity.

It is well known that the average altitude which a commercial airplane can reach is around
10,500m (34,500ft), so it is a must to study the conditions of the air in the airplane cabin to
reach the optimum condition which supply suitable air to passengers.

At this high altitude the air conditions such as Pressure, Humidity, Density and Temperature
are different from it at the sea level, so it is a minor issue to discuss the environmental status.

The first standard atmospheric models were developed in the 1920's in both Europe and the
United States. The slight differences between the models were reconciled and an
internationally accepted model was introduced in 1952 by the International Civil Aviation
Organization (ICAO). The International Standard Atmosphere (ISA) is defined in ICAO
Document 7488/2. The ISA assumes the mean sea level (MSL) conditions as given in Table
(1.2).



Table (1-1) International Standard Atmosphere, Mean Sea Level Conditions

Pressure (P

101325 N/m?

Temperature (To)

288.15 K (15°c)

Density (po)

1.225 KG/m3

Speed of Sound (ao)

340.294 m/s

Acceleration of Gravity (go)

9.80665 m/sec?

1.1.1 Temperature Modeling
Temperature decreases with altitude at a constant rate of -6.5°C/1000m (-1.98°C/1000ft) up
to the tropopause. The standard tropopause altitude is 11,000 m (36,089 ft.). Therefore, the
air which is considered as a perfect gas in the international Standard Atmosphere (ISA)
model presents the following characteristics within the troposphere [1]:

h (m)

This ISA model is used as a reference to compare real atmospheric conditions and the
corresponding engine/aircraft performance.

And here is shown below a schematic to illustrate the variation of the Temperature at high
altitudes.
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Figure (1-1) International Standard Atmosphere temperature variation [1]

1.1.2 Pressure Modeling

To calculate the standard pressure P at a given altitude, the temperature is assumed standard,
and the air is assumed as a perfect gas. The altitude obtained from the measurement of the
pressure is called pressure altitude (PA). Both Table 1.2 and Figure 1.2 show variation of the
pressure altitude as a function of the pressure. The last column of Table 1.2 shows



