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The study examines the environmental noise levels associated with operation of a touchless car wash. As
the number of automated car wash facilities is steadily increasing, their noise impacts are becoming a major
concern. Measurements and analysis of noise allowed for identification of the dominant noise sources, evaluation
of their environmental impacts and sound characteristics. Results are provided in the form of plotted time histories,
spectral analysis data and spectrograms. It was found that the main source is the noise of nozzles supplied with wa-
ter under high pressure. Calculations were taken of sound levels generated by the noise sources within the car wash
and the results were used to determine the noise level exposure at varying distances for several modes of the car
wash operation. Due to the high share of higher frequency components in the noise spectrum of sources, it is im-
portant in numerical simulations to assume full power spectrum (e.g. in octave bands) in exchange for the global
value for the “A” correction filter. It appears that noise generated by the car wash can have an adverse effect on
the existing noise environment and that effective monitoring and control measures will be required when pursuing

the issuance of the construction permit and then during the car wash operation.
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Introduction

The number of self-service touchless car washes
has grown considerably in the recent years. This rap-
id increase has been prompted in the first place by their
cost-effectiveness (they are easy to install guarantee-
ing a short pay-back period) and also by current regula-
tions whereby a ban has been imposed on backyard car
washing in a growing number of locations to prevent
environmental pollution with toxic substances. Auto-
mated car washes are designed for providing touch-
free short washing cycles. The main cleaning agent
is water applied under pressure 10-15 MPa via spray-
ing nozzles. The washing process is boosted through
the use of powdered or foam agents, synthetic wax, fin-
ishing agents. Because of the presence of liquid pol-
lutants emerging throughout the process (residues
of washing agents and a variety of pollutants already
present on the vehicle surface), automated car washes
are considered an environmental hazard. That is why
effective waste management and environment protec-
tion issues are now primary considerations, they are
subject to current legal regulations and need to be ad-
dressed at the stage of project planning and develop-

ment. Interestingly, at the stage of car wash planning
and operation little attention is given to another envi-
ronmental hazard, i.e. noise. In environmental impact
assessment documents for such projects, the problem
of noise is addressed very briefly, just stating the envi-
ronmental impacts to be minor or non-existent. Sound
level calculations results are rarely provided to sup-
port this statement and when some noise level predic-
tions are included, in most cases the volumes of mod-
elled sound sources (defined by the sound power levels)
differ from the real values. This is so partly because
the manufacturer sound level data are mostly inaccu-
rate and because the noise sources associated with car
wash operation are typically limited to the flow-gen-
erating equipment (pumps, motors), without consider-
ing other sources of noise. Noise emissions associated
with the car wash would not be a problem were the car
washes situated at locations outside the densely pop-
ulated residential areas (for instance adjacent to fill-
ing stations on the motorways). In the context of their
functional and economic aspects, however, car washes
are often situated in residential neighborhoods, adja-
cent to noise-sensitive and protected areas. Low invest-
ment costs, short development time and relative sim-
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plicity of the proposed project, as well as marketing
considerations, have prompted the choice of half-open,
roofed structures devoid of any walls, which does not
seem a desirable solution from the standpoint of noise
emission.

Literature on the subject of noise generation asso-
ciated with car wash operation and the use of high-pres-
sure equipment is rather scarce. In the work [1] the au-
thor discusses the advantages and disadvantages of var-
ious types of car wash facilities, revealing major trends
in their developments and summarises the key legal
and environmental aspects involved in car wash op-
eration. In the works [2—8], problems of consumption
and pollution of water used during vehicle washing were
considered. In paper [9] different techniques of car wash-
ing along with issues of water use, water contamination
and its purification are presented. The problem of noise
generated at the outflow and impact of the stream
was tested primarily for supersonic flows [10—13] Noise
and vibration of hydraulic systems for handling lig-
uids has received more attention from researchers. The
main sources of noise and vibration include the cavita-
tion in the system [14] and pressure pulsation giving rise
to dynamic interaction forces [15-19].

The work deals with the problem of noise generat-
ed during the operation of touchless car washes and its
impact on the environment. Because of the rapid devel-
opment of this sector, anticipated environmental noise
impacts and insufficient level of awareness among
the decision-makers issuing the construction per-
mits, providing reliable sound level data demonstrat-
ing the gravity of the problem seems fully merited. It
is particularly important because reliable sound level
data and comprehensive analyses are still rather scant.

1. Noise sources in a touchless car wash

Car wash equipment and facilities have a num-
ber of noise sources associated with their operation,

such as high-pressure water applicators, machines in-
ducing water flow (pumps, vibration of hydraulic sys-
tems), vehicles awaiting the washing and those leav-
ing the site after washing. Vacuum stations also gen-
erate a substantial amount of noise. This study is fo-
cused on the car washing process, the remaining sourc-
es of noise associated with vehicular traffic on the site
and operation of ancillary equipment (i.e. vacuum sta-
tions) are neglected.

Source identification measurements were per-
formed using a Svantek 958 sound analyser equipped
with a microphone 2" located in the proximi-
ty of the washing stand at the height of 1,5 m above
the ground. The application used enabled the measure-
ment data to be saved in a ‘wav’ file and the offline data
analysis was supported by SvanPC++.

A typical car wash cycle involves four steps:
washing with the use of micropowder (Programme 1),
rinse (Programme 2), preservation with polymer (Pro-
gramme 3) and rinse with finish (Programme 4). The
first series of measurements were taken to identi-
fy the main sources of noise associated with the run-
ning of particular washing programmes (with the spray
nozzle fixed at the distance approximately 30 cm
from the vehicle) and to obtain the noise levels perti-
nent to the remaining sources of noise. The measur-
ing point was situated at the distance of 9,5 m from
the source of noise. Figs. 1-5 show the spectral analy-
sis of A-weighted sound levels obtained basing on reg-
istered time histories and spectral analysis of back-
ground noise. Apparently in each case the background
noise level is lower than the level of operational noise,
hence the measurement environment can be regarded
as satisfactory.

Fig. 1-4 suggest that noise generated during the car
washing cycles has the characteristic of broadband
noise. Presented spectra take into account the audibil-
ity range characteristics (described by the A-weight-
ed correction curve) hence the reduced sound levels

60 3
40
= Fomaria WAL
20 &
—% d éﬂ“-‘i%" ‘V‘\
T T e o
WU ' T o 2
1 \\ il N ‘\
‘ Miny
-20 ¥ T
10 100 f [Hz] 1000 10000

Fig. 1. Spectral analysis of operational noise — Programme 1

1 — operational noise; 2 — background noise; 3 — pipes noise
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Fig. 2. Spectral analysis of operational noise — Programme 2
1 — operational noise; 2 — background noise
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Fig. 3. Spectral analysis of operational noise — Programme 3
1 — operational noise; 2 — background noise
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Fig. 4. Spectral analysis of operational noise — Programme 4
1 — nozzle with washing; 2 — background noise; 3 — nozzle without washing

in the low and high frequency range. The highest en-
ergy signals are registered in the range from 500 Hz
to 8 kHz, with a marked increase by several decibels
in the range 2 kHz to 3 kHz. Because of the large pro-
portion of high-frequency components, the noise is sub-
jectively perceived as “bright” and rather intrusive.

Each plot reveals a sequence of components registered
at frequencies 48,3 Hz, 96,7 Hz, 145,0 Hz, 193,4 Hz,
241,7 Hz, 290,0 Hz, 339,8 Hz, 3871 Hz, 435,4 Hz,
483,8 Hz with the sound levels exceeding those associ-
ated with spraying nozzle operation. This noise shares
the characteristic of polyharmonic noise and is attrib-
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Fig. 5. Spectral analysis of hydraulic supply unit noise
1 — operational noise; 2 — background noise

uted to vibrations of pipes supplying water to the noz-
zles. These pulsating flows of water give rise to pipe
vibration [19], which in turn generates ambient noise.
The spectra obtained during the particular wash cycle
programmes are found to be similar, their comparison
reveals only minor differences. Of particular impor-
tance is the operating pressure and, though in a less-
er degree, the actual composition of the cleaning agent.

Fig 4 shows the spectrum of noise generated when
a stream of water is released from the spraying noz-
zle while no consideration is given to water jets hit-
ting the car body sheets. The spectra obtained in this
case are slightly different, particularly in the frequency
range 100 Hz to 500 Hz (weaker noise) and in excess
of 8 kHz (slightly increased noise levels). Identification
of noise sources in this case will require a full modal
analysis of car body sheets [20].

Water flow generation requires the use of a hydrau-
lic supply unit, its main sub-assembly being a high-pres-
sure pump. Operation of such systems generates a sub-
stantial amount of noise, though they can be enclosed
to reduce their noise emissions. Fig. 5 shows the spec-
trum of noise produced by a hydraulic supply unit, re-
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vealing a sequence of components with frequencies be-
ing the multiples of a fundamental frequency component
associated with rotating motion or combinations of sev-
eral frequency components (for instance due to modu-
lation). The spectrum pattern is complex, yet they ob-
tained sound levels are generally lower than sound lev-
els associated with the spray nozzle operation.

Measurement data were used to determine
the sound power levels associated with individu-
al sources (for several versions of the washing cycle).
Fig. 6 plots the sound power levels in particular octave
bands (A-weighted) and the overall sound levels L,
which are as follows: Programme 1 — L, = 92,9 dB;
Programme 2 - L, = 93,3 dB; Programme 3 —
L, = 92,6 dB; Programme 4 — L, = 92,5 dB; Pro-
gramme 4 (without washing) L, = 91,7 dB; pumps —
L, =778dB;pipes—L, =799 dB.

Sound power levels associated with the spraying
nozzle operation in various washing programmes dif-
fer very slightly (the largest values are registered for
the Programme 2 — rinse). The predominant and audi-
ble sounds are registered in the frequency range 2 kHz
to 8 kHz. When the water jet released from a spraying
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Fig. 6. Sound power levels LWA associated with noise sources in a car wash
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nozzle does not hit the car body, thus generated sound
levels are lower by about 1 dB. When the nozzle is po-
sitioned at smaller distance than recommended (pos-
ing a threat to the lacquer condition), the contribution
of noise produced by water jets are expected to rise sig-
nificantly. Sound power levels associated with pipe vi-
brations in the low frequency range (below 500 Hz) are
comparable or higher than noise levels associated with
the washing. As sound levels in higher octave bands
are lower, the contribution of this source to the overall
noise emission is relatively minor. Under certain condi-
tions, however, this source can become audible and be
perceived as objectionable because of the tonal and low
frequency nature of sounds (as the damping in the air
becomes lower with increasing distance). This aspect
is of great importance because in many cases this noise
is a consequence of poorly designed piping installa-
tion and can be eliminated simply by re-configuring
the pipes or providing adequate support.

Sound power levels associated with pump opera-
tion (hydraulic supply unit) are decidedly lower than
the noise levels registered during washing (by nearly
15 dB in the entire band and by 5 to 30 dB for each oc-
tave band). The highest sound power levels associat-
ed with pump operation are registered in the frequen-
cy range 250 Hz to 1 kHz. Manufacturers of car wash
equipment give the noise level specifications for this
source exclusively. That is why other major sources are
often neglected in predictions of noise emissions by car

wash facilities and their environmental impacts, conse-
quently the modelled noise levels are found to be decid-
edly lower than the real ones.

The standard car washing cycle involves 4 stages
(Programmes). Fig. 7 plots the sound pressure levels ver-
sus time (bottom plot — Fig. 7b) registered throughout
the full washing cycle and spectrograms (upper plot —
Fig. 7a) giving the results of spectral analysis of sounds
in the function of time. During the measurements
the spray nozzle was moved around the vehicle though
the standard distance was maintained. Plots reveal four
distinct phases separated by breaks required to switch
between the programmes. During the breaks the sound
pressure level L  is reduced by nearly 20 dB, going down
to the background noise level. Spectrograms illustrating
the phases of the washing cycle are in line with the spec-
tral analysis data (Fig. 1 — Fig. 4). Alongside the broad-
band background noise (associated with spraying noz-
zle operation) there are lines representing discrete fre-
quencies (noise generated by pipes). At certain time in-
stants the sound levels in the specified frequency rang-
es are momentarily increased, which is associated with
noise generated when water jets hit the vehicle compo-
nents (wheels or resonating parts of the car body).

Fig. 8 plots the octave-band sound power lev-
els registered throughout the entire washing cycle
and the overall sound level L, . These values are re-
called in further considerations of environmental im-
pacts of the car wash noise.
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Fig. 7. Car washing cycle
a — spectrogram; b — noise level time history
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Fig. 8. Sound power levels throughout the entire washing cycle

2. Environmental impacts of the car wash noise

For economic reasons, automated car washes us-
ing high-pressure facilities are mostly located in dense-
ly populated built-up areas (to guarantee the patronage)
and are not enclosed so as to attract potential custom-
ers. That is why the generated noise is not effective-
ly suppressed whilst the distance from noise-sensitive
zones is not large (applicable rules and regulations are
summarized in [22]). In many cases car washes are sit-
uated adjacent to the noise-sensitive or protected zones
or these zones are distant by less than 100 m. A fur-
ther complication is associated with car wash operation
in the night time, when the admissible noise emission
levels are significantly lower because the inhabitants
of the nearby residential district have a right to night-
time peace and quiet.

This chapter summarizes the numerical simula-
tions using the method recommended by the standard
ISO 9613-2 [21]. The washing stands and other noise
sources were modelled as single point sources. Ac-
cordingly, noise sources are assigned the sound pow-
er levels modelled in section 2 (Fig. 6, Fig 8) and ex-
pressed in octave bands. The total (overall) sound pres-
sure level L, was obtained as the sum of octave-band
sound pressure levels. The calculation procedure
used the grid of points situated in the neighborhood
of the noise sources, the distance from the source not
exceeding 500 m and calculations of on-site operation-
al noise were performed for each direction. It was as-
sumed that there were no noise barriers or screening
structures (buildings) on the site and the ground sur-
face was taken to be flat, hard and reflective.

Figs. 9 and 10 show contour maps of sound lev-
el L, distribution in the proximity of a car wash with
a varied number of operated washing stands (1 and 2 —
Fig. 9; 4 and 8 — Fig. 10). Continuous car wash opera-
tion was assumed, with all wash stands fully utilized.

8

The maps have equal loudness contours given in colors
representing 35 dB, 40 dB, 45 dB, 50 dB, 55 dB, 60 dB.
The sound levels 40 dB, 45 dB, 50 dB and 55 dB are
the maximum allowable noise exposure levels defined
in standards and regulations addressing the noise ex-
posure in Poland, specified depending on the project-
ed land use and the time of day [22]. On-site condi-
tions produced symmetrical and uniform sound prop-
agation in each direction, therefore the contour maps
have the form of concentric circles around the source
of noise (car wash facility). The range of impact repre-
sented by each loudness contour (i.e. circle diameter)
tends to increase with an increase in a number of op-
erated wash stands because the total sound power lev-
el of the investigated system will rise as well. Obvious-
ly, the area exposed to noise exceeding the admissible
decibel levels specified in [22] will extend, too.

Fig. 11a shows the predicted noise impact range r,
where the admissible noise levels 40 dB, 45 dB, 50 dB,
55 dB are exceeded [22], depending on the number
of operated washing stands. Respective distances tend
to increase with increasing number of operated stands.
For each operated stands these distances are: approx-
imately 27 m for 55 dB, approx. 46 m for 50 dB, ap-
prox. 77 m for 45 dB and approx. 126 m for 40 dB.
Thus the zone of excessive night-time noise expo-
sure extends beyond 100 m. For large car washes with
eight operated washing stand the impact zones of ex-
cessive sound exposure become: approximately 69 m
for 55 dB, approx. 113 m for 50 dB, approx. 187 m for
45 dB and approximately 321 m for 40 dB, which indi-
cates a 2.5-fold increase of the impact zone. These are
high noise levels which impact on the adjacent struc-
tures and noise-sensitive areas even at day time.

Actually, the conditions when all washing stands
are operated simultaneously (100 % utilisation) are en-
countered only at some specific times of the year (be-
tween the winter and spring season or during warmer
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Fig. 10 Car wash noise contour map
a — four stands operated, b — eight stands operated

periods in winter). Fig. 11b illustrates how a one-stand
car wash utilisation should affect the range of impact
zone, related to the different regulatory criteria [22].
The range of an impact zone will decrease with a de-
crease of the relative length of operation time, going
down to the half of its first value for 20 % utilisation
(2 vehicles handled per hour) and to 1/3 of its first val-
ue for 10 % utilisation (1 vehicle per hour) in the course

of continuous operation. Nevertheless, these impacts
will still extend to the adjacent areas.

In the consequence of acoustic wave propagation
from the source (in a point source model) sound ener-
gy density decreases with distance (attenuation by 6 dB
when the distance from the source is doubled); besides
sound energy gets dispersed in the air and through in-
teractions with the ground surface. The actual damping
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Fig. 12. Sound level decrease with the distance from the car wash

a — the influence of the calculation method on the L values, I — calculating from octaves, 2 — calculating direct;
3 — calculating error; b — the effect of the use of octave bands on the sound level L, values

levels are dependent on the sound frequency [21].
Fig. 12b plots the octave-band sound levels in the func-
tion of distance from the source. Apparently, the damping
effect is enhanced with increased frequency and hence
the sound levels tend to diminish at a faster rate with in-
creasing distance. For example, at the distance of approx-
imately 200 m the sound level in the band 8 kHz is qui-
eter by 20 dB than sounds in lower octave bands. Noise
associated with car wash operation contains a large pro-
portion of high-frequency components, so this effect
is of key importance when modelling this type of noise
sources. Fig. 12a shows the dependence of the total
sound level L, obtained from octave-band sound levels
and the value based on the specified sound power lev-
el L. The octave-band sound levels tend to decrease at
a faster rate with distance. Interestingly, the difference
between the predicted values (error curve) tends to in-
crease with distance as well. Typically, the input param-
eter in such simulation procedures is the global (over-
all) sound power level instead of the octave-band sound
levels, which may result in some calculation errors. In
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the case of noise-generating sources where the higher
frequency components are predominant, the full char-
acteristics of frequency-band sound power levels should
be thus required.

Conclusions

Measurement and simulation data collated in this
study fully evidence the gravity of the addressed issue.
The range of environmental noise emissions in excess
of maximum allowable levels is extensive, encroach-
ing upon the areas in the proximity of the car wash.
The predominant source of on-site noise is the washing
process utilizing high-pressure water installation. Of
particular importance is water outflow from the spray-
ing nozzles whilst the noise associated with water jets
hitting the car body further raises the on-site noise lev-
el by approximately 1 dB.

Sounds generated during car washing operations
have a large proportion of high-frequency components
and that is why they are subjectively perceived as objec-
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tionable and intrusive. On the other hand, such sounds get
attenuated at a faster rate with distance from the source.
Without the frequency characteristics, numerical simula-
tions of noise sources will be encumbered with a calcu-
lation error growing with the distance from the source.

This study investigates the operational noise gen-
erated by car washes, emphasizing their environmental
impacts in the context of a growing number of such fa-
cilities, and its aim is to arouse the general awareness
of the problem. In many cases no assessments are made
of project noise levels, or the measurement procedures
prove unreliable because some major noise sources are
still overlooked. When planning the location of a pro-
jected car wash, its environmental impacts should be-
come a major consideration. If necessary, noise con-
trol strategies and mitigation measures (noise barri-
ers, screens, baffles) ought to be provided already at
the stage of engineering design. In the context of limit-
ing the negative environmental impacts of an automat-
ed car wash, care must be taken to avoid manufactur-
ing and engineering design errors which can give rise
to additional noise emissions (for example due to vibra-
tion of pipe systems).

Cmamus nybnuxyemes npu QUHAHCOBOU NOOOepIICKe
Poccuiickoco ¢onoa pyndamenmanvrvix ucciedosa-
HUll 8 pamkax peanusayuu npoekma Ne 18-03-20102-¢.
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