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Introduction

A heat pump that is permanently connected to the building is
referred to as a building service equipment, which represents
a source of airborne and structure-borne sound during
operation. The prediction of the airborne sound levels in the
building is carried out according to DIN EN 12354-5 [1]. A
complete acoustic characterization of the heat pump is
necessary for this calculation. In the following, we present
measurements of the input data at the test bench of Fraunhofer
IBP. Additionally, investigations of the contributions of the
fan and the compressor as sound sources were analysed and
evaluated. Three different air source heat pumps (ASHP)
were examined. In the test chamber, both airborne sound
power and structure-borne sound power were determined
simultaneously. The influence of airborne sound radiation on
the measured structure-borne sound levels at the reception
plate with low mobility was analysed and evaluated. The
collected data were compiled in a database and serves as input
data for future prediction calculations.

Setup

The measurements were carried out in a thermally insulated
reverberation chamber with an integrated low mobility
reception plate according to DIN EN 15657 [2] placed in the
centre of the room. This environment provides optimal
conditions for the simultaneous measurement of airborne
sound power and structure-borne sound power of air source
heat pumps. For the simulation of a heating circuit, a
hydraulic module was developed to control the inlet and outlet
temperatures and the temperature difference during operation
by adjusting the flow rate. The testing conditions for air
source heat pumps are based on DIN EN 14511-2 [3]. As the
test chamber does not have an air conditioning system, the
desired room temperature is reached due to the operating heat
pump. To maintain the temperature in the test chamber at
nearly constant levels an electric heater is used. In the test
chamber, heat pumps with a maximum capacity of
approximately 20 kW can be operated. In the room, six
microphones are distributed to record the sound pressure
levels during the operation of the heat pump. At the same
time, the velocity on the reception plate is recorded with eight
accelerometers glued to the plate. The test chamber and the
measurement setup are shown in Figure 1.

The measurements were carried out on three air-source heat
pumps designed as monoblock outdoor units, using the
enviromentally friendly refrigerant R290 with a low global
warming potential. Table 1 provides a brief overview of the
utilized heat pumps.

Table 1: Data of the used air-source heat pumps (ASHP) from the
manufacturer data sheet

HP1 | HP2 | HP3
Nominal heat output [kW] 7 10 10
Lwa,max [dB(A)] 57.7 58.0 | 60.0
Weight [kg] 143 203 176

In earlier investigations, the fan and the compressor of a heat
pump were identified as primary noise sources. The fan
predominantly generates airborne noise. The noise is
characterized by the blade passing frequency (BPF), which
arises from the periodic passage of the fan blades past a fixed
position and varies according to the number of blades and the
rotational speed. The BPF generates a tonal fundamental
frequency of the first order as well as additional higher
harmonic frequencies of a higher order.

Figure 1: Measurement setup in a thermal insulated reverberation
chamber with ASHP, microphones, accelerometers on the low
mobility reception plate and the reference sound source.

The compressor generates noise due to periodic compression
processes, inducing dynamic forces that can be transmitted as
airborne or structure-borne noise. Depending on the operating
point of the heat pump, the noise components of the respective
first order and their harmonics vary in the resulting spectrum.
For the following comparison only comparable fan speed and
compressor speed are used, shown in Table 2.

Table 2: Operation states of the heat pumps

HP1 | HP2 | HP3
Fan speed [rpm] 457 456 500
Compressor speed [rpm] 5880 | 6120 | 5500




Airborne sound measurement

DIN EN ISO 3743-1 [4] provides a method for determining
the airborne sound power level Lw of a noise source when in-
stalled in a test room with reverberant walls. The sound pres-
sure levels emitted by the noise source are compared with
those of a calibrated reference sound source (comparison
method) according to equation (1),

Lw = Lw(rss) = L'p(rss) + L'p(sty + Kirss) — Ka [dB] (1)
were L, is the sound power level, Lwrss) is the calibrated
sound power level of the reference sound source, L yrss) is the
sound pressure level of the reference sound source in the test
room, L st is the sound pressure level of the ASHP in the
test room and Kjrss) and K; are corrections of the ambient and
the background noise. To change the room as little as possible,
the reference sound source is therefore located in the test room
during all airborne sound measurements. In contrast to the
standard methodology outlined in [4], the results are present
in third-octave bands rather than octave bands, allowing a
more detailed analysis.
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Figure 2: Comparison of the A-weighted airborne sound power
levels of the heat pumps at similar conditions

Figure 2 presents a comparison of the measured A-weighted
airborne sound power levels of the three heat pumps. Given
the similarity in operating conditions across all heat pumps,
the first harmonic of the compressor is observed in the third-
octave band at 100 Hz. Additionally, higher harmonic
frequencies are noticeable at approximately 200 Hz. The
number of fan blades for all three heat pumps is five, resulting
in the fundamental BPF between 38 Hz and 42 Hz. These
harmonic frequencies of the fan, whether of the first or higher
order, are not detectable in the third-octave spectrum.
Although the three spectra vary in sound power levels, they
are similar and represent a typical spectrum of a fan,
superimposed by the compressor.

To illustrate the noise contributions in the frequency spectrum
of a heat pump, three measurements are conducted on HP2.
The first measurement is performed under normal operating
condition, with both the fan and compressor running. In the
second and third measurements, only the fan and only the
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compressor were operated, respectively. The results of the
investigation are presented in Figure 3.

The top of the three spectra represents the normal operating
condition of the heat pump with a compressor speed of
5460 rpm and a fan speed of 427 rpm. During the operation
of the fan only, the typical frequency pattern of a fan is
observed, with a noticeable increase in the 100 Hz third-
octave band. The BPF in this case is 35 Hz. Other harmonic
frequencies are not detectable in the spectrum. The spectrum
with the lowest levels corresponds to the operation of the
compressor only and shows several frequency peaks at
100 Hz, 250 Hz, and 400 Hz, with the first harmonic
frequency being 91 Hz. At this operating point, the highest
sound power level is determined by the fan at approximately
630 Hz.

50

40

\
’ — o 3
A -~ ’ 1 a

10 [ -

20 -
----e--- HP2 fan only e

’ — @ — HP2 compressor only

10 |

—s— HP2 fan and compressor

airborne sound power level L, re. 1x102W [dB(A)]

63 250 500 1000 2000 4000

frequency [Hz]

Figure 3: Comparison of the airborne sound power level of three
operating conditions of HP2 with fan only, compressor only and fan
and compressor

Structure-borne sound measurements

The determination of the structure-borne sound power levels
of building services equipment is carried out in accordance
with DIN EN 15657 [3] for a reception plate with low
mobility.
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The structure-borne sound power level Ly is calculated in
third-octave bands depending on the frequency f, the area-
related mass m’’ of the reception plate, the plate loss factor #,
the plate area S and the averaged velocity level L, with
reference values fp = 1 Hz, mp = 1 kg and So = 1 m?. The plate
loss factor # is determined, based on the structural
reverberation time 7.

Figure 4 shows the measured structure-borne sound power
levels of the three investigated heat pumps determined on the
reception plate. The highest measured levels occur at the
speed of the compressor and are in the range of the 100 Hz
third-octave band. The harmonic frequencies are clearly
visible in the spectrum for all three heat pumps but decrease
significantly at higher frequencies.
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Figure 4: Comparison of the structure-borne sound power levels of
three heat pumps operating under comparable conditions

The compressors show a varying degree of decoupling at low
frequencies around 100 Hz. The compressor of HP3 shows
significantly more harmonic frequencies in the spectrum than
the other two heat pumps. In comparison, HP2 demonstrates
the highest structure-borne sound power level of 75 dB, while
HP1 and HP3 exhibit approximately equal levels of
approximately 57 dB. The size and weight of the compressor
used may have an influence in this context. Further
measurements of the structure-borne sound power levels at
additional operating points of HP1 are presented in [5].
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Figure 5: Comparison of the structure-borne sound power level of
three operating conditions of HP2 with fan only and compressor only
and fan and compressor

Analogous to the measurements in Figure 3, the contributions
of the compressor and the fan to the total structure-borne
sound power level were examined. This investigation is
presented in Figure 5. The measurement of structure-borne
sound power with compressor only and during the normal
operation of the heat pump are nearly similar and show only
minor differences. In contrast, the measurement with fan only
reveals very low levels, close to the background noise. The
level differences below 500 Hz exceed 10 dB, indicating that
the fan has no contribution to the structure-borne sound power
level while running both, fan and compressor.
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To determine the single equivalent blocked force Lp,, the
single equivalent receiver mobility Yg., is measured at the
four feet positions of the heat pump on the reception plate. For
the measurements, an inertial shaker is used, along with
sensors for acceleration and force. The single equivalent
source mobility Y5, is determined in a comparable manner at
the four mounting feet at the freely suspended heat pump. The
single equivalent free velocity L., level is then calculated
utilizing the blocked force and the source mobility. The
collected data characterize the heat pump and can be used to
calculate the sound levels generated by heat pump in buildings
using [1]. At the IBP, several measurements of heat pumps
have been compiled in a database for this purpose.

Influence of the airborne sound radiation on
the reception plate

During the project, it was observed that the radiated airborne
sound of the heat pump influences the velocity measurements
on the reception plate. To clarify the extent to which the air-
borne sound affects the measurement, an investigation was
conducted. For this purpose, the noise of the heat pump is
played back through a dodecahedron speaker, the sound pres-
sure level on the reception plate is measured and compared
with the measurement taken with the heat pump. For the ex-
periment, the speaker is positioned near the location of the
previously tested heat pump next to the reception plate (see
Figure 6). The same microphone used for the previously
measured airborne sound of the heat pump is used for record-
ing and is positioned opposite the reception plate. To better
align the actual noise of the heat pump with the emitted noise
from the speaker, a transfer function is first determined to
minimize the influence of the altered radiation from the
speaker. The adjusted noise is then fed into the amplifier and
radiated by the speaker. A signal of HP3, with a fan speed of
200 rpm and a compressor speed of 1540 rpm was used for
the investigation with eight accelerometers recording the ve-
locity levels on the reception plate during the playback.

Figure 6: measurement setup without the heat pump for examining
the influence of airborne sound radiation on structure-borne sound

Figure 7 shows the comparison of the sound pressure level of
the HP3 and the sound pressure level of the loudspeaker. The



played back signal with the loudspeaker follows a similar
trend but shows noticeable deviations around 125 Hz and
250 Hz. The result indicates that the frequency response could
not be fully replicated, but it is adequate for this investigation.
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Figure 7: Comparison of the sound pressure level from heat pump
HP3 (fan 200 rpm, comp. 1540 rpm) and generated by loudspeaker
signal

The comparison of sound velocity levels on the low mobility
plate is presented in Figure 8. With the heat pump, the levels
below 300 Hz are 10 dB higher than those generated solely by
airborne sound excitation with the loudspeaker. It has been
shown that excitation at low frequencies on the plate cannot
be achieved through pure airborne sound excitation. The
figure also indicates that not all measured frequency peaks are
visible in the velocity level spectrum when excited by the
loudspeaker. It may be advisable to verify the excitation of the
low mobility plate through airborne sound at certain operating
points. If necessary, the standard DIN EN 14366-1 [6]
contains a procedure for correcting the airborne sound
component from the sound velocity levels.
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Figure 8: Comparison of the sound velocity level from heat pump
HP3 (fan 200 rpm, comp. 1540 rpm) and generated by loudspeaker
signal
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Conclusion

The fan speed of heat pumps has impact on airborne noise
emissions, particularly in the mid-frequency range. Higher
fan speeds result in higher airborne sound power levels, while
lower speeds lead to quieter overall airborne noise
performance. The blade passing frequency, and its harmonics
contribute to the overall noise spectrum of the fan and can be
perceived as dominant tones, especially at certain operating
speeds.

Higher compressor speeds also mean greater compressor load,
which can amplify vibrations and noise levels which result in
pronounced peaks at resonance frequencies. The compressor
speed influences both the amplitude and the frequency
response of structure-borne sound power levels, especially in
the lower frequency range, where mechanical vibrations
dominate. Direct excitation by a heat pump is the primary
source of vibrations in the receiving structure, while air-borne
excitation has a significantly lower impact on structure-borne
noises.
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