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Abstract: The acoustic comfort of a building or house is typically given little or no attention during
project planning and design. This study is aimed at quantifying noise pollution from a building
technical room. To attain the research specified result, simultaneous measurements were recorded
for the gas flow and noise level in the boiler room. The noise levels were recorded for different
operation statuses of the boilers (different thermal loads). It was observed that noise level depends
on the thermal load: the increase of thermal load is directly proportional to the noise level inside the
plant room). Further, the measured values of the noise level were compared with literature predicted
values and the maximum limit values from the Romanian norm. These research findings are useful
for mechanical design engineers and architects in order to assure the noise protection and fulfill the
residents’ expectations.
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1. Introduction

Beside the already recognized indoor comfort categories (thermal, illumination, pollution), the
acoustic comfort becomes an increasingly important aspect nowadays both nationally and
internationally.

As a result, national standards have been adopted in several countries by setting maximum noise
levels for different environments. These standards vary from one country to another and in the
United States have been imposed in the form of recommendations [3], guidelines [4] or statutory
requirements [5]. In the European Community the limits of noise level are imposed by mandates
regulations of noise exposure [6] and noise evaluation standard [7].

In Romania, the acoustics norm in constructions and urban areas [8] prescribes admissible limits
established considering the appropriate climate specific to the use and the indoor destination of the space.

Because road traffic noise is considered the main source of loss of environmental and life in a
metropolis [10] much of previous studies on acoustic comfort has been focused on road, rail and
air traffic [11-13]. However achieving acoustical comfort in buildings it is not just about reducing
this type of noise, because in several previous studies [14-15] has been reported that in residential
building an important source of acoustic discomfort is noise from boiler plant. The noise prediction
from technical room is an important consideration in the design stage, operation and construction
of all buildings.

In [9] two methods of predicting the noise level in the technical spaces are proposed. The first
model [1] established by Cyssau in 1997 shows a formula established following a study of a 145
database of thermal power plants under 16MW designed to present the relationship between the
noise level of thermal power plants and their thermal power:
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This prediction model is characterized by a 10 [dBA] error. Another method [2] predicts the noise level
inside thermal plants as a function of both the thermal power and the volume of the thermal plant:

L, =16logQ — 10logV + 54 [dBA] (2)
which is characterized by a 5 [dBA] error.

These noise prediction models are characterized by large errors and rises questions regarding their
suited for today’s thermal equipment. In this analysis we will analyse if these models are adapted
to today’s boiler plant equipment or it is necessary to create a new prediction model of noise level
for design stage.

The study follows an experimental approach. Simultaneous measurements of thermal power and
the noise level were recorded in order to understand the relationship between the noise level and
the thermal power generated inside the thermal plant. The noise level ware recorded for different
operation status of the boilers (different thermal loads) and was compared to the value required by
[8] and predictions method [1],[2].

The paper presents the experimental results of noise level inside one a technical room, the
recordings database, results and discussions.

2. Experiments

The measurements were carried out by a team of three people: one person registers the gas index,
another one operates the boiler automation, and the third person carries out the noise
measurements.

The analysed thermal plant is a stand-alone building located next to the appartment blocks (Fig.1a)
in Ploiesti town, Romania. It has a 3.3MW thermal power capacity and serves 6 blocks of
dwellings of ten floors height.

The thermal plant room is rectangular shaped (dimensions: 17.72m long, 8.90m wide and 4.67m
height, volume 736.49 m>.) (Fig.1c). The walls of the boiler plant are made of brick, hardwood, and
the finished concrete floor. The two windows have a metal frame with a single sheet of glass and at
tiled floor. Surface of walls, ceilings and floors are of reflective materials, so the room absorption
coefficient is very low.

The thermal plant has two 1400KW Chappee Arizona HR2 boilers and one S00KW Viessman
Vitoplex100 boiler.

The Chappee Arizona boilers are equipped with a body of double-range heater of fumes. The pipes
of the tubular bundle, forming the second course, are located at the top of the heating body avoiding
so the formation of condensates. The burner of these boilers has two progressive stages of power
and the possibility of operation with power modulation with the control panel of the automatic
controller RWF40.

Vitoplex 100 type SX1, with thermal power of S00kW is a low temperature gas boiler. This is a three-
pass boiler for operation with modulating boiler water temperature. The burner of this boiler is a
Vitoflame 100 pressure-jet gas burner, equipped with a Boiler control unit for constant boiler water
temperature.

The burners of these boilers are of the SICMA type GS151RAG with two power stages of 1000-
2000KW, respectively Vitoflame 100 with two power stages between 380-560KW. There were also
22 Grundfoss pumps MG90L A4, two heat exchangers with plates and 2 buffer tanks.



Fig.1 - Thermal plant. a) Boiler plant location b) Photo inside the thermal plant,
¢) Noise protection solution for the chimney

The boiler chimney (Fig.1b) is made of metallic material, insulated with mineral wool and covered
with gypsum. The boilers are placed on puffers and their own foundation. The three burners do not
have sound absorption housing, and the pipe connections are made by metal bracelets. The heating
installation does not have flexible connections to ducts of the boiler (thermal / gas / fluid). There is no
other noise protection like sound attenuator at chimney (in pipe or in quarter-wave) or walls captured
with mineral wool or/and plasterboard.

Five types of measurements were made for each thermal power plant:

- dimensions (room, equipment, windows, doors, chimney).

- gas pressure and temperature. pg=0.03 [bar]; T [0C];

- reverberation time inside the thermal plant (EDT, T20, T30);

- sound pressure level ,Lp [dB], and global weighted sound pressure level, LAeq [dBA] for all
audible spectrum octaves 16Hz, 31.5Hz, 63Hz, 125Hz, 250Hz, 500Hz, 1000Hz, 2000Hz,
4000Hz, 8000Hz

- gas consumption for each thermal power: two indexes ant time period

The burner stage control was set using the boiler control panel by selecting the desired step, as shown
below. A number of 12 operating condition of the boiler are presented in Table 1. The first case is the
situation where no equipment is working. Every boiler has a circulating pump, which circulate water
within the boiler to enhance boiler operation. To analyze the noise produced by these equipment, the
burner of two boilers were switched off, and the pumps functioned either together or separately (cases
2-4). Cases 5-12 are situations in which burner operate simultaneously, at different power stages.
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Table 1
Operating condition of the boiler

Case [-] Pump Boiler 1 [-] Pump Boiler 2 [-] Burner 1 [-] Burner 2 [-]
1 OFF OFF OFF OFF
2 ON ON OFF OFF
3 ON OFF OFF OFF
4 ON ON OFF OFF
5 ON ON OFF STAGE 1
6 ON ON OFF STAGE 2
7 ON ON STAGE 1 OFF
8 ON ON STAGE 1 STAGE 1
9 ON ON STAGE 1 STAGE 2
10 ON ON STAGE 2 OFF
11 ON ON STAGE 2 STAGE 1
12 ON ON STAGE 2 STAGE 2

For the fuel consumption measurement, the initial and final index of gas meter was recorded for a
period of 1 min. During this time the noise measurements were made inside the technical space.
Before the actual measurements began, the gas temperature and pressure were recorded (Fig.2).

Fig.2 - Reading of gas index and gas parameter

The measurement of the noise level was carried with a 2250 sound meter from Bruel&Kjaer. The
point from which the measurements were made is represented in Fig.3 with blue. This point was
situated at the heights that the [9] standard established. The noise measurement was recorded at 1
meter distance from the burner, measured according to the norms. With red dot are the two main
noise source of the technical space (the two boilers burners that were on).

Fig.3 - Burner position (noise sources) and receiver (B&K Sound meter)
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The reverberation time was also measured using the same sound meter and a noise source, we record
the decay curves for all frequency bands and the reverberation time is calculated by means of the sound
meter software for all frequencies.

3. The database and results

The gas measurements and the real thermal power are presented in Table 2, calculated based on
the gas consumption, which is the difference between the final index and the initial reading from
the gas meter by one of the participants in the experiment.

Table 2
Gas consumption and parameters

Case [-] Initial Index [m’] Final Index [m?] Consumption [m?] D, [kW]
1 2525764.38 2525764.38 0.00 0.00
2 2525764.38 2525764.38 0.00 0.00
3 2525764.38 2525764.38 0.00 0.00
4 2525764.38 2525764.38 0.00 0.00
5 2525764.38 2525766.33 1.95 1134.68
6 2525768.80 2525770.35 1.55 901.92
7 2525773.30 2525774.80 1.50 872.83
8 2525781.30 2525784.76 3.46 2013.33
9 2525788.30 2525791.72 342 1990.05
10 2525776.20 2525777.38 1.18 686.62
11 2525797.40 2525800.85 3.45 2007.51
12 2525805.20 2525808.20 3.00 1745.66

The following formula was used to determine the actual thermal load of the boiler:
Ip—1I +po° T,

Ppurner = F60 L % ’ FO * H; (3)

where: @pyner» KW, is real thermal power for 60 seconds;
Ir, m*, and li, m?, are the final index and initial read recording from the gas meter;
Hi comb, kJ/m>N, is the low fuel calorific value, Hicoms=35371.70 [kJ/m’N];
Do, bar, is the atmospheric pressure, po=1.01325 [bar]

T, K, is the gas temperature under normal conditions.

It can be seen from the Fig.4 that the noise level for the situation where no equipment (yellow)
works is below 40dB for each frequency. When starting pumps (blue, green and brown), the noise
level increases up to 57dB at the 1000Hz frequency. After starting burners the noise level increases
above 75dB at 1000Hz and is directly proportional to the thermal load. For frequencies between
500 and 4000Hz this exceeds the norm in more than half of the operating scenarios.
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It is noticed that the noise level has different values depending on the frequencies. Another
observation is that for higher frequencies the measurements of noise level have higher values
compared to the low frequency noise level. From medium to high frequencies the noise level has
a downward trend. There is a difference of up to 15dB for the noise level measured at 1000Hz
compared to the noise level at §000Hz.

Another noise level measurements collected was noise level, measured using the filter specified
as the A-curve. In the Fig.5 has been compared global noise levels weighted after curve A for all
12 operating situations with the noise value from technical data sheet of boiler and the value
imposed by [8].

100 +
90 p— ——
80 -
70
5'60
5 50
o 40
g 30 LAeq mox [dBA] -
. LAeq [dBA]
ig Norm Cz80
g HEN
I N NN < ;NN W N 00 O — N =
o H — i ﬁ
Eg H_) . v J %
8 2 OFF BURNER OM BURNER ﬂ
<
Lo ON PUMPS OMN PUMPS a
O O .
Themal plant opperation

Fig.5 - Comparison between global weight equivalent noise level, boiler data sheet and Cz80 from norms

It is noticed that measurements for all operating conditions of the boilers exceed the values [
indicated from datasheet and is higher than 85 dB(A) from norm [8]. The conclusion is that this
thermal plant needs an acoustic refurbishment in order to full fill today’s acoustic norms.

In the figures below, the dependence between the noise level for each frequency and the thermal
load of the burner will be studied. From Fig.6a it is observed that at low frequency the noise level
has value between 75 dB and 83 dB. An increasing tendency is observed in both graphs, thus
validating the prediction models [1] and [2], which have as main parameter for predicting noise
level the thermal load. The same increasing trend is also noticeable in Fig.6b. For average
frequencies, the noise level is between 77 dB and 87dB. For 500Hz measured noise level the model
shows a good fit as the R squared of 0.77 indicates. At high frequencies the noise level is not as
well fitted and the measurements value is lower, up to 63dB at the frequency of 8000Hz (Fig.6¢)

The coefficient of determination, R2, is represented in Fig.6 and this value is used to analyze how
differences in one variable can be explained by a difference in a second variable. Subsequently, R
is calculated and corresponds to correlation coefficients, but for nonlinear variation tendencies.

In acoustics, phenomena vary depending on the frequencies studied, so the rules are broken down
at each frequency. And in this study we looked at the dependence between Lp and ®pyrner for
different frequencies.
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Fig.6 - Recorded sound pressure level based on thermal power for a) low frequencies (16Hz, 31.5Hz); b) medium
frequencies (500Hz, 1000Hz) and c) high frequencies (4000Hz, 8000Hz)

Fig.7 depicts the relationship between equivalent noise level (LAeq) and thermal power [burner.
From this graph we can see the increasing tendency of the equivalent noise level depending on the
thermal load of the boiler. This increase validates the prediction models from the literature, which
have their component and thermal load, as the main parameter.
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Fig.7 - Equivalent noise level based on actual thermal power, equation and R2

Further, we study the adaptability of predictive models of noise level for the analysed thermal
plant. Cyssau's model [1], as well as Hamayon’s model [2], predicts the global weighted equivalent
noise level. These values were compared with the measurements obtained during the experiment
to highlight if the errors of the two models are centered in 0 and if they are adapted for modern
thermal power plants and new equipment.

Compared to our measurements, Cyssau's model [1] has an error between 11 dBA (for 2000kW)
and 13 dBA (for 700 kW), higher than 10 dBA declared by the author (Fig.8). The errors of the
Cyssau’s model compared to our experimental data are not centred in zero. We conclude that
Cyssau’s model is not suited for today’s thermal powers and for the new thermal generation
equipment.
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Fig.8 - Comparison between measured and predicted noise level values, Cyssau [1]
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Hamayon's model [2] present slightly higher errors: between 11 dBA (for 2000kW) and 15 dBA
(for 700kW), higher than 5dBA declared by the author. The graph from Fig.9 shows that
Hamayon’s model predicts lower noise levels than those measured for 8 different thermal powers,
and the lower and upper limit of its error is far from the measurements made during the experiment.
Similar to Cyssau’s model, Hamayon’s model present errors that are not centred in zero. In
conclusion Hamayon’s model is not suited either, for today’s thermal powers and for the new
thermal generation equipment.
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Fig.9 - Comparison between measured and predicted noise level values, Hamayon [2]

Therefore there is need for an adaptation of the noise prediction models to today’s thermal
conditions (larger thermal power stations, noisier equipment and automation control).

4. Conclusions

There is a resonable consensus that the equipment that produces a high noise level in a thermal
plant is the burner, and not pumps or other components of the heating system.

From the analyzes made in comparison with the datasheet, there were revealed overtaking of the
values given by the producer of the burner, which indicate differences due to faulty equipment
settings. Also in this study were highlighted that the measurements of the noise levels exceeding
the maximum value indicated in the norm [8]. Out of the 7 operating situations of the burners in 6
were found exceedances of the value of 85dBA. For case 8, the highest noise level was recorded,
with 3dBA greater than the value imposed by the norm and in the other cases the exceedances of
the norm value were between 1.33% and 4.19%.

The increasing tendency of the equivalent noise level depending on the thermal load of the boiler
is another very useful conclusion for designers to estimating the noise level. So when a building
requires a higher installed thermal load, designers need to take into consideration the higher noise
level generated in the thermal plant room in order to ensure the comfort parameters indoors.

The acuracy of the existing prediction models of the noise level inside the thermal plant room, is
higher than the error characterizing the models. Therefore there is need for an adaptation of the
noise prediction models to today’s thermal conditions (larger thermal power stations, noisier
equipment, and automation control). New prediction model should be based on new experimental
campaign for the new type of thermal plants and the new installed equipment.
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