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CFD MODELING AND SIMULATION
OF AIRCRAFT CABIN
USING PARAMETRIC HUMAN MANIKIN MODELING

BACKGROUND

Thermal comfort studies are relevant for
several areas of application such as in the
aircraft and automotive areas as well as in
building HVAC design. We demonstrate the
integration of parametric multi-segmented
human manikin models into an aircraft
cabin for predicting the thermal comfort
of passengers to heterogeneous thermal
environments. The geometric model of

a virtual human is derived from an ergo-
nomic model which parametrically defines
the armature model. Computational Fluid
Dynamics (CFD) is used for modeling fluid
flow and for predicting local heat trans-
fer between manikin surface elements and
the environment. Quantitative evaluation is
made through comparison of the obtained
numerical results with internally available
measurement data of former projects.

PARAMETRIC

HUMAN MANIKIN MODELING

A multi-segmented thermo physiological
manikin model is used in order to predict
the response of the human body to vary-
ing environmental conditions. The segmen-

tation of the underlying geometric model
follows the specific settings of the thermo
physiological model which consists of a
concentric layer structure. For example, the
upper arm is divided into three segments
(interior, posterior and inferior), the model
on a whole consists of 48 segments (Figure 1).
Both male and female models are derived
from an ergonomic RAMSIS model, which
provides access to anthropometric data

and is a widely accepted industry standard.
Transforming body parts according to an
ergonomic model which relates topological
dependencies is also allowed. Surfaces con-
sidered as artificial skin thereby follow pos-
ture changes due to geometric constraints
of the applied CAD model, respectively.

PARAMETRIC AIRCRAFT CABIN MODEL
A parametric interior aircraft cabin model is
developed providing a common geometric
base for different configurations. Following
the parameterization methodology within
the CAD system Catia V5, the interior mod-
el can be changed into different configura-
tions ranging from business class to econo-
my class seats.



INTEGRATED MESH MODEL

In the shown example, eight different sized
manikins (male and female) are integrated
into the aircraft cabin model which consists
of nine rows configured in 2-4-2 economy
class seats; the model on a whole consists
of 72 manikins. To resolve the boundary
layer around the human body, five layers
of extruded triangular prisms are created at
the surface of the manikin as shown in Fig-
ure 2. A typical hexacore mesh of the com-
putational domain consists of about 20 mil-
lion cells. The meshes are generated using
the commercial meshing tools ANSYS ICEM
CFD and TGrid.

Diagram 1: Temperature plot at cabin cross section
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BOUNDARY CONDITIONS

The physical parameters are taken from real
scale experiments conducted at the Flight Test
Facility (FTF) of Fraunhofer IBP. In this config-
uration, the air which is blown from the in-
lets into the cabin has a velocity of approx.
0.5 m/s and temperature of approx. 8°C.
The surface temperatures of the cabin walls
and seats are set to 22°C and 28°C, respec-
tively. The initial temperature inside the cab-
in was taken as 24 °C. Manikin skin tem-
peratures, the dynamic response of an indi-
vidual to changes of the thermal environ-
ment are adapted from a thermoregulation
model. The airflow is modeled using the
Reynolds averaged Navier Stokes equations
(RANS) with a SST-ke Turbulence model us-
ing the commercial software ANSYS Fluent.

Diagram 2: Visualization of air flow velocity at cabin cross section
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RESULTS

The temperatures of the flow field and man-
ikin skin temperatures are analyzed inside
the aircraft cabin. As shown in Diagram 1
the temperatures range from 8 to 32.5°C
observed asymmetrical inside the aircraft
cabin, which is mainly due to variable mani-
kin sizes. The air blown from the inlets with
a velocity of 0.5 m/s increases smoothly,
reaching 1.7 m/s at the outlets (Diagram 2).
Further comparison of numerical and ex-
perimental results is made in terms of tem-
perature and velocity. First results show
satisfactory agreement between CFD and
experimental results.

ONGOING DEVELOPMENTS

We currently develop a parametric convec-
tive heat transfer coefficient model data-
base based on a series of such CFD simula-
tions for well-defined flow configurations.
The data base will be made available as
part of our co-simulation middleware de-
velopments in the future in order to para-
metrically assess heat transfer between
thermal manikin surface elements and the
surrounding micro climate in coupled tran-
sient simulations.

1 Parametric
human manikin model

2 Geometric
aircraft model and
mesh model.





