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Abstract: Sound pressure levels in a car are highly connected with the ventilation and air conditioning
system, both of them presenting parameters which affect indoor environmental quality. Correlation of the
two for best results can prove to be very difficult in most scenarios, but when we aim for a well-known
configuration of the ventilation and air conditioning equipment such as a car, balance becomes a factor
even more challenging. Several air diffusers prototypes are proposed and tested inside an SUV and
interesting information on the indoor acoustic were obtained.
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1. INTRODUCTION

The Determination of environmental quality of the
interior space is realized using a four parameter
analysis: acoustic, thermal, visual and olfactory.
Acoustic comfort has become an important criteria
when choosing a car, because noise and vibration
influences consumer perception regarding the quality
of the vehicle. Acoustic comfort, inside cars, has
increased greatly over the years. However, auto
vehicle producers are still looking for solutions to
lower sound pressure levels. Interior noise in the
cabin of the vehicle is depended to: road quality,
engine, vehicle aerodynamics, exhaust system,
external background noise, heating, ventilation and
air conditioning (HVAC) system.

Ventilation and air conditioning systems contain
various equipment, designed to bring air parameters
inside the cabin of the vehicle at the values chosen by
the occupants. Thus, ventilation and air conditioning
systems determine thermal comfort, but at the same
time can affect different parameters of the indoor
acoustics [1]. Therefore, it is necessary to find the
balance between the two parameters. Even though
sound pressure levels created by ventilation systems
could be considered a minor factor compared to noise
created by engines or the road (as we will demonstrate
later on), this problem can have a great influence on

the parameters of interior quality. It must be
understood that there are still no standards created to
define sound pressure levels allowed inside a vehicle
or how it should be determined and this is where we
want to intervene within this article. The ventilation
and air conditioning system consists of a fan, a
mixing unit formed from various equipment and air
ducts that lead to the places where the air enters the
cabin, including the front grids, the grids from the
lower / feet area, for the front and back passengers,
demisting and defrosting actions, and other
combinations depending on the type and construction
of the chosen car. Air ducts have different shapes and
sizes, depending on the configuration of the car. Thus,
when designing a car, the geometry of the ventilation
system is difficult to modify, we always have to deal
with a closed, limited space and also to respect the
necessary airflows [2]. The impeller’s fan, depending
on number, size or angle between blades, determines
certain airflows through internal ducts and then
discharges in the vehicle’s cabin. The head pressure
created must cover the airflow required to achieve
each particular comfort mode. Sound pressure levels
experienced by the passengers are produce by the
noise and vibration produced by the fan, air duct
length, material and geometry of the air ducts circuit,
the localization and grills’ shape, as well as air hitting
solid surfaces [3], such as the windshield.
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After thorough analysis and searching, we
managed to obtain important research data and other
investigations articles treating the following subjects:

e cxternal noise produced by cars [4];

e the importance of the road’s quality and its
influence over the sound pressure levels
measured inside the cabin of the vehicle [5];

e noise propagation of an air conditioning
system’s compressor inside the cabin [6];

e comparisons between different types of cars
and the sound pressure levels inside [7];

e the importance of the HVAC system, cabin
volume, seat fabrics or the insulation of the
cabin, to the interior noise of different types
of vehicles [7];

e applying textile inside the HVAC ducts to
reduce the total noise level by at least 2dB(A)

[8].
2. EXPERIMENTAL CAMPAIGN

The determinations were performed in an enclosed
interior room, in order to maintain external
background noise as low as possible — sound
measurements were performed mostly during night
time. Moreover, the measurements were performed in
different days and in none of these days the outside
wind speed never exceeded the value of 10 m/s,
thereby there were no perturbations of the external
background noise. The tested vehicle has multiple
ways of introducing air into the cabin, as shown in
Fig. 1. The grids marked 1" are situated at the top of
the dashboard with demisting role. The grids marked
27 are the four ones which introduce the air towards
the face of the occupants and with 3" are the grids
which introduce the air at the inferior part of the
cabin, more exactly at the part that is designed for the
feet of the passengers.

Figure 1. Dacia Duster vehicle interior

The fan can introduce four different airflows in the
cabin, as shown in Fig. 2 and Fig.3. The airflow can
be modified from the middle button where you can
change the fan speed. In the same figure, on the left

side is the button which allows us to modify the place
where the airflow is introduced is the cabin.

e Position one (a): the air is introduced through
demisting (fig.1, grids “17);

e Position two (b): the air is introduced through
demisting and through the one from the
bottom (fig. 1, grids “1”” and ”’3”);

e Position three (c): the air is introduced
through the bottom only (fig.1, grids 3”);

e Position four (d): the air is introduced
through the face grids and the bottom (fig.1,
grids “1” and 3”);

e Position five (e): full face (fig.1, grids “2”).

Figure 2. Methods for adjusting the HVAC system
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Figure 3. Typical vehicle HVAC system operations

3. EQUIPMENTS USED IN THE STUDY

The equipment used in determining sound
pressure levels is a sound level meter Bruel&Kjaer
2270 (Fig. 4), precision class 1, which has the
advantage of using two microphones that can give us
the ability to measure simultaneously noise level from
two different points [9]. It also offers the possibility
of monitoring sound pressure levels on 1/3 octave.

The sound pressure meter used in the experimental
campaign has the following modules which have been
used in the experimental campaign:

¢ Frequency Analysis Software,
providing real-time analysis of the 1/1-
and 1/3 octave filter bands over a wide
frequency range with a dynamic range
from the noise floor in each individual
band to 140 dB;
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e Logging Software, which allows free
selection of parameters to log at periods
from 1 s to 24 h. Running together with
the Sound Level Meter Software all
broadband parameters can be logged. If
Frequency Analysis Software is also
enabled, spectra can be logged at same
rates. Logging (or noise profiling) is used
to develop time histories for use in
environmental noise as well as
workplace noise assessment;

¢ Enhanced Logging Software, providing
continuous monitoring and logging of
Periodic Reports in addition to the
features of  Logging  Software.
Parameters like Ldn and Lden are
calculated;

e Sound Recording Option, which
provides you with a uniquely versatile
facility for attaching samples of the
actually measured signal to your

measurements. This option works with
all software modules.

Figure 4. Sound pressure meter Bruel-Kjaer 2270

Downloading data into the computer and analysis
of the information was performed with the help of
Measurement Partner Suite BZ — 5503 software.

Figure 5 shows the points in which we performed
the acoustic measurements. Point 17, corresponds to
the position of the driver’s seat, point 727,
corresponds with the passenger from right, “3” is the
position behind the driver’s seat and “4” represents

the position for the passenger who stays behind the
right front passenger.

Point “5” is located at a distance of about 0,5 m
from the car and is represented by channel no. two of
the sound pressure meter. The microphone was
placed on a tripod and its purpose was to measure the
sound pressure level from the exterior of the car.

Figure 5. Measurement points of sound pressure level

The cabin air-introducing modules were selected,
one by one (as presented in previous paragraphs), at
gear “1” of the fan and afterwards sound pressure
levels were recorded for about five seconds each,
using the sound pressure meter. The number of the
project, fan gear and output grid position were
thoroughly noted, in order to be able to process the
resulting data.

The project went through all of the possibilities,
resulting measurements for all air input modes, at all
levels of fan speed. It must be mentioned that,
previously, the running engine’s sound pressure
levels were recorded but with the ventilation system
off. Thus, it was possible to subtract the noises and
better analyze, only, the values of the sound pressure
levels from the ventilation system.

Once we had recorded sound pressure levels and
then we introduced them in the Measurement Partner
Suite program, we archived and implemented the data
in an Excel document. It was possible to evaluate and
analyze of the acoustic measurements data.

During the same experimental measurements
campaign, with a TESTO equipment, we determined
the air velocities at the exit of the introduction grids.
Measuring the diameter of the introduction grids, we
determined the air flow for every fan gear. Average
airflow results for the fan speeds are: Gear 1: 169.5
m’/h, Gear 2 : 251.0 m*/h, Gear 3 : 343.2 m*/h, Gear
4:451.3 m’/h.

The experimental campaign (Fig.6) involved
acoustic analysis of four types of ventilation grids
fitted in position no. 2. (Fig. 1). The first one studied
was the initial air diffuser of the car, the second one —
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air diffuser spherical type (prototype 1), third one —
classic air diffuser type (prototype 2) and forth - air
diffuser propeller type (prototype 3).

Figure 6. Acoustic measurements campaign

4. RESULTS OF THE EXPERIMENTAL
CAMPAIGN

Using the data taken with the sound pressure
meter, we analyzed the following frequencies: 31.5
Hz, 63 Hz, 125 Hz, 250 Hz, 500 Hz, 1000 Hz, 2000
Hz and 4000 Hz. Further in our studies we focused on
the frequency of 1000 Hz to reduce the number of
graphs.

We have replaced gradually the air diffuser and we
have measured the L, levels for different fan gear.
The car has 4 fan gear which corresponds to different
air velocities and air flows. The data presented in
Figure 7 corresponds to the front passengers position.
For the back position we have observed a 8-9 dB
reduction. Comparing the 4 types of air diffusers they
all ensure acceptable acoustic comfort to an average
gear (fan gear 2) while at fan gear step 4 the values
are higher and can reach 55-57 dB in front while 48-
49 dB for the back passengers. It should be noted that
the measured values were higher for spherical
diffusers and classic air diffusers to the demisting
position, which probably is explained due to a slightly
higher rate of velocities and air turbulence in contact
with the front car window. If we refer only to the
comparison of the four top grid position (fan gear 5)
then the values are very close. The only one that a

slighter lower values with 1 to 2 dB compared to the
initial grids are the louvre blade air diffusers.
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Figure 7. Sound pressure levels at f=1000 Hz at different
fan gear and air diffusers
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Figure 8. Sound pressure levels comparison (back — red
color and front — blue color) at position Fad

In Figure 8 are presented the comparisons between
front and back position sound pressure levels for
different air diffusers at different fan gear. It can be
noticed that we have important differences between
the two positions. The highest levels were obtained
for classic shape air diffuser at fan gear 4 with
Ly;=56.9 dB at a frequency of 1000 Hz. The lowest
values correspond to the initial air diffuser.
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Figure 9. Comparison of the 4 air diffusers tested at

different fan gear — front passengers position and s
sound pressure level at f=1000 Hz

Figure 9 shows that at fan gear 1 the sound pressure
levels are lower than at fan gear 5 with
approximatively 21.8 dB. At fan gear 2 — the most
used position, the L, values for all four air diffusers
are around 43-44 dB. In order to determine the sound
perceived by humans, a sound pressure meter with the
A-filter was used, which is capable to simulate
nonlinearity of the acoustic human system depending
on the frequency.
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Figure 10. Comparison of 4 air diffusers tested at

different fan gear — front passengers position and W
global sound pressure level in dB(A)

The values from Figure 10 corresponds to the
global sound pressure level and it can be noticed that
the highest values of 64.4 dB(A) are measured for
prototype 2 - classic shape air diffuser while the
minimum values are measured for louvre blade air
diffuser.

5. CONCLUSIONS

In this first acoustic study of the ventilation system
we can conclude that:

e Sound pressure levels from the running
engine are lower than those due to the
ventilation system working on the fan gears 3
& 4.

e Noise produced by the fan is the most
important source.

e Differences between sound pressure levels of
the studied air diffusers are low, under 1-2
dB.

e The air diffuser that offers the best acoustic
comfort is the initial one, but good values
were also achieved from the propeller type.
All in all, the entire set of air vents produced
very similar values of sound pressure levels.

e Noise reduction in the passengers’
compartment should be achieved by
optimizing/replacing the fan and eventually
the introduction of a muffler.

e [t is necessary to deepen this experimental
study because it is among the few of
international literature.
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