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Abstract. The main declared goal of all car mantdaersis to ensure high comfort inside the cabin and to
reduce the fossil fuel. It is welinown that the time spent by the people indoor has raised in the last decade.
The distance between the home and the workplace increased due to diversity oésaetndtience job

diversity. Thethermal comfort during the travelust to be ensured to reduce the occupant’s thermal stress.
The present study is investigating a comparison between the measured data and the numerical simulation
results in the case whenetlveniiation system is functioning. It was evaluated the effect of the boundary
conditions air flow and air velocity distribution in a passenger compartment in two cases: first is the general
used constant inlet flow and the second is a new approactpofting the measured data obtained during

the experimental measurement session as a boundary condition.CFD simulations were made taking as input
the measured data obtained during experimental sedalerhave observed differences between initial
simulationresuts and the measured data, therefore, for more accurate results, a new approach is needed, to
impose as boundary conditions the measured data.

1 Introduction distance between home and workpl§t8] with direct
impact on the growing time that people spend in vehicles
Thermal comfort is a subjective concept depending[11]. It was demastrated in several independent studies
which is difficult to define and to quafit. All thermal that inadequatehermal environment is havingegative
comfort definition underlines the user's personal influence on the human body12, 13]. Vehicle
perceptions. For examplaSHRAE[1]define it as the  environment is very different from buildings
state of mind that expresses physical and psychologicaknvironment,mainly because the factor that influence
satisfaction with the thermal environment. One of the the internal parameters such as solar radiation, air
first studies was made in the first half of the 19th velocity, temperature differenc§4] are having a high
century, for the buildings environment by Haldgd2g variability in very short period of timeThe internal
after that several studies were performed and in the 197&nvironment is fast transient and romform and
professor Fanger developed a thermal comfortcannot be assimilated with indoor build environment.
assessment model Fang8}. The model was developed We can observe that the main comfort evaluation
using data collected from human subjects evaluated inindexes are not taking into consideration all these factors
controlled laboratory conditions. FangerRMV and therefore we can observe thae should not take into
PPD indexes were adopted y b international consideration classical models to evaluate thermal
standardization organization such as [9@] and comfort in cabin environment.
ASHRAE [5]. Fanger’s indexes were used as a start in  The CFD simulation is a very powerful tool that
the thermal comfort assessment and overtime severaincreases in paparity in the last decade. The reason is
optimization and adjustments were added lseagchers  mainly due to the higiperformance calculatioengines
[6-8].Researchers focused their attention in direction ofand the availability of computational power due to
thermal comfort of car passengers in last decades due tadvances in the ICT technologihe simulation of flow
increasing of personal and publiumber of cars. One of patterns is still a challenge for nowadays reseascher
the main reasonsas an attempt to maintain the comfort First of all, the internal surfaces of the cabin are having a
state and in the same time to reduce the overall fuel complex geometry. Theentilation system integration in
consumption§] and as a result to reduce the greenhousethis complex geometry is having a significant impact on
gasses and other pollutants emissions with direct impaclight reflection [15], spatial management and noise
on the urbarmir quality. propagation [16, 17]. Additionally, the air flow
Occupant’'s thermal comfort in vehicular cabin is distributions arénfluenced by the surrounding surfaces
gaining more importancelue to the increasing of the temperatured18] by the convective heat. The grilles
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design and fan characteristics are not taken into ¥
consiceration by the manufacturers when designing the

air conditioning system being a souiafenoise[19]with

impact onpassenger’s state of mind. This article is a part

of a larger study, intended to deepbée knowledge on

thermal comfort inside vehicles and its numerical oo

methods of prediction. \’[/

3D LDV Measuremet planes

2 Material and method ) LJ Detail of measurement points at the side left grill

. Smm
2.1. Experimental setup

5mm _[

In the previous studief?1, 22], the distribution of the
velocity profile from the inlet grilles was considered to \
be uniform. A shortcoming of th work hypothesis is \
that the same velocity on the entire inlet surface is not a

realistic case. In this paper are compared the effects of

this uniform velocity profile with a real flow velocity \

distribution measured by Laser Doppler Velocimetry \
The airfow directivity within a vehicle cabin is \

mainly influenced by the air duct orientatjamumber of
air vents, shape and positions. Considering a uniform airy | j Detail of measurement points at the side left grill
velocity as boundary condition is changing the airflow

distribution from the vehicle cabin and imurt the
thermal sensation of passengers may differ.
competition for space in new kieles is intense, so the
HVAC ducts are often squeezed between different

components and the ducts geometry is very compleX.ihai we ca reproduce the iabin environment, finding
Considering those mentioned above, for ts€2 the \es of indoor thermal variablesofn the CFD model

inlgt velocity airflow velocity distribution was measured o+ \wvere similar to those of experimental measurements.
using a LDV 3D systm.

Flowlite 1D laser

The?2-2- Numerical setup

In previous paper21,22], we presented the setup of the
model of a Renault Megane cabin car and we showed

B5A F6O processor

betlation Systgn i8R
N
3 . |

=r e

)L J Isometric view of the studied geometrical model

)LJ Schematic presentation of 3D LDV setup
The cabin was designed in Catia and timported in
We used a separate dashboard of the same model ghesign Modeler from Ansys 18. Several meshes with
car with the entire ventilation system and the original tetrahedral elemest where tested to check the

fan. Thedashboard was installed in the laboratory. independence of the solution. The numerical grid was
A 5 mm step was imposed between the mesmsent realized in Ansys Workbench.

points. The nearest measurement grid was at X = 14 mm),
from the diffuser grilles.

The oval shape of éhboard did not allow getting
closer. The LDV 3D- measurement equipment used, is §&
manufactured by Dantec and is composed from a 2D
FiberFlow laser wh wavelengths of 527nm and 5651nm
and 2D FlowLite with wavelengths of 532 nm. These are
connected to a Bat Spectrum Analyzer BSA Processor |
F/P 60 is connected to a computer, used to setup the¢
measurements planes. The two measurement probe$

were fittedon a traverse system. )LJ Tetrahedral mesh used for numerical simulation
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contrd of the ventilation fan speed in the real ¢ad,
22].

3 Results and discussions

To evaluate the effects of thes#fferent boundary
conditions, 16 comparison points were considered
(Figure 6), these points being positioned in at the head,
chest, knee and foot levels in the place of the passengers.

)LJ Considered measurement points at different levels:
green- head; red- chestblue—knee; yellow foot.

Velocitymis] 0.00 011 0.22 0.3 044 055 066 0.77 088 0.89 1.10

Y [m]

Velocity[m/s]: 000 011 022 033 044 055 066 0.77 083 099 110

Y [m]

) LJ Distribution of the velocity magnitude aindhe midle
of the cara) Case 1; b) Case 2

Figures8 and 9are presenting theistribuions of the
velocity magnitude and of the -plane vectors for the
median plane of the driver for both cases. One could
observe that the global pattern of the flow inside the
cabin is changing with the change of the boundary
conditions. The disthution d the flow is dramatically
changing. Even if the mean velocity at the air grilles is

b
YLJ Distribution of the axial) velocity componentat the the same, the local velocity profiles on the surface of the
outlets: a) Case 1; b) Case 2 grilles have a diffeent aspeicas shown in Figure. The
black line is corresponding to ti®rizontalplanesfrom
A fine mesh consisting of 6.%etrahedralmillion Figure 9
elements was created based on the experience from the
previous studies where ev perfoamed the grid » By e

dependence ted23] (Figure 5. The boundary layer s
consists in five layers, with the first cell height of I
0.75mm and a growth factor of 1.2. The virtuanikin I
has a standard height of 1.70 m and its surface area is o5
1.81m2 baig suiable for a standing posture and had a
total surface area (1.20°nfor a sitting posture. The rest Y e
of the total surface was contact with the solid surfaces of 0 08 T ey 2 2
the automobile dain.

In this study we considered the isothermal situation, )
therefore thevalue d 25°C was imposed for the inlet air L
temperature, internal and external ambient temperature I
and on the cabin and manikin surfaces temperatbices.
the both case$ we imposedis boundary conditions for
the ventilation flow a mass flow rate of 0,00%n tre
central air vents and a mass flow rate of 0,0043 kg/s on i
the side air vents. These values are corresponding to the B T I T R T
measured values for the first position on the manual

¥ [m]

PMY. -200 -1.63 -1.25 -0.88 -0.50 -0.13 0.25 063 100

Y [m]
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PMy -200 -163 -125 088 -050 -013 025 063 100

Y [m]
o
o
T

-
X [m]
b)
)L J Distribution of PMV indexn themedian plane of the
passengeand driver fora) Case 1; b) Case 2

Velocity[mys] 000 0.13 0.27 040 0.53 0.67 080 0.83 1.07 1.20

a)
.

Velocity{m/s]: 0.00 0.13 0.27 0.40 0.53 0.67 0.80 093 1.07 1.20

b)
)LJ Distribution of velaity in verticalplanefor front part
of the car fora) Case 1; b) Cage

Knowing the air velocity magnitude values from the
numerical model and considering the metabolic rate
value of 1 met and clothing insulation of 0.7 clo, the
Predicted Mean Vote (PMV and the Predicted
Percentage of Dissatisfied (PPD) indexes were
calculded. Tabés1 and 2presents values for the PMV

to a different airflow distribution inside the cabin. The
jets have different jet throws, influencing the overall
comfort, the percentage of dissatisfied increasing in the
second case.

Z(m]

b)
)L J Distribution of the velocity magnitude and of the in
plane vectors for the median plane of the passenger: a) Case 1;
b) Case 2

and PPD indexes obtained at the right of each passenger b)
place in the cabin for respectively the head, the chest, the
knees and the feetWe observe that even the mean )LJ Velocity isocontours real inlet veldgidistribution; b)

velocity in the inlet is the same, the sea when

uniform velocity distribution; Legend: béu— 0.3 m/s green-

measurement data imposed as boundary conditions lead8-5° M/s; red-0.75 m/s
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7 D E OGbmparison ofocal air velocities and temperatures LDV measurements at inlefThe results indicate that
for both cases imposing measurement data for the boundary conditions,
for the same mean velocity, will lead to @ifént airflow

WvEi% @ : |A zs : ‘3/ zs inside the cabin.
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