Motivation

Sales figures for house heating heat pumps in Germany

Market 400000

= Heat pumps: 350000

Are a key solution for climate-neutral building heating 300000

Every second heating system in new buildings is based on 250000
heat pump technology

200000

= 1.2 million heat pumps were in operation in Germany (2021) 150000

= 330.000 installed appliances in Germany (2023)

= More than 70 % use air as their energy source 100000
Challenge at IBP 50000 I I I
0

= Increase the acceptance through reduction of subjectively 2017 2018 2019 2020 2021 2022 2023
perceived annoyance generated by noise of heat pumps. m earth-coupled hp ~ mair-water hp

https://www.waermepumpe.de/presse/pressemitteilungen/details/rekordabsatz-waermepumpenbranche-
beweist-leistungsfaehigkeit-trotz-unsicherer-aussichten/, Bundesverband Warmepumpen e.V.
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Measurements and facilities at IBP
Echoic chamber

Reverberant environment

= Measurement of sound power level L,
= Vibration measurements on a reception plate (A)
= Solid wall at the end (B) of the room

= Installation of wall-mounted appliances

= Measurement of structural sound power
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Measurements and facilities at IBP
Semi-anechoic chamber

Radiation characteristics

= Half-free-field, accuracy class 1

= Semi-circle arc with 9 microphones

= Measurement of sound radiation characteristics,
= Rotated in 20°-steps around the object
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Heat pump control unit

= Monitoring and collecting operating data
(Power consumption, volume flow, fan and compressor rpm)

= Heating circuit temperature

= QOperation at standard temperatures of -7 °C to +7 °C,
ambient or any other

o
¢
o

Results

© Fraunhofer IBP

= Example of a radiation pattern
= Microphone locations as white circles
= Colors indicating Sound Pressure Level SPL (A-weighted)

> Used for noise propagation simulation and User Research



Project Example
QUEEN-HP MENESA

Tasks

= Derivation of a methodology for noise reduction
at the place of immission e. g. by

= optimized installation,
= optimized orientation,

= adaptation of the building structure

Method Development for Noise Reduction for Heat Pumps by Noise
Emission Analysis at Low Frequencies and Structural Dynamic Analyses

(Method Project) -
Z Fraunhofer
1BP

QUEEN-HP — MENESA

Duration 12/2022 — 11/2025
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Subjective perceived annoyance
Why psychoacoustics?

Installation

Structure and environment

Third-Octave Sound Pressure Level [dB(A)]

Heat Pump Example:

Technologie

© Fraunhofer BP

~— WP OC 1L(A)=48,96 dB(SPL)
——— WP OC 1L(A)=49,31 dB(SPL)
— WP OC 1+ 2 L(A)=49,87 dB(SPL)

50

L(A)

= Same Heat-Pump dB(SPL)
(e. g. next to each other)

40
= Slightly different RMP -
> Same Level (app. 49 dB(A)) 30
» Together: different Noise Character 25

20

15

10

20 50 100
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Subjective perceived annoyance

Why psychoacoustics?

Loudness [sone]

3,0m
Fivacil
2,6m
2,4m
22m
2,0m
1,8m
1,6m
1,4m

8,0

12m

Fluctuation Strength [vacil]

N
soneGF . . .
70 This example demonstrates a differentiated
. . . —— WP OC 1 F=0,00892 vacil
65 and objective representation of heat pump WP OG 1 F=0,00848 vacil
60l noise by psychoacoustic analysis! —— WPOC1 +2F=0,00876 vacil
6,0 6,5 7,0 75 8,0 8,5 9,0 t/s 10,0
55
50 0,50
I/iu
45
0,40
40
—— WP OC 1 N5=5,99 soneGF 035
35 —— WP OC 1 N5=6,09 soneGF !
30 —— WP OC 1 + 2 N5=6,47 soneGF 0,30
50 55 6,0 6,5 7,0 75 8,0 8,5 9,0 t/s 10,0 025
0,20
0,15
0,10 A
—— WP OC 11=0,0586 iu
0,05 —— WP OC 11=0,0522 iu
0.00 —— WPOC 1+21=0,274 iu
0 2 4 6 8 10 12 14 16 18 t/s 20
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Subjective perceived annoyance

Noise Mapping and psychoacoustics

* Builds a quantitative link between
stimuli and their corresponding
hearing sensations

« Describes noise perception and
signal processing of human ears

» Indicates perceived noise exposure
more differentiated than SPL

e Are atool of area-related noise
immission control

«  Shows ambient noise on cadastral
maps based on sound pressure level

in dB(A)

* Visualizes noise affected areas

Thesis:

Offers a reproducible and perception-based
evaluation of sound events.

Analysis of actual noise quality can be
improved by psychoacoustic parameters
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Project: Psychoakustische Bewertung von Schallausbreitung in
Larmkarten (Az.: 10.08.18.7-24.48)
PsyKart
Duration 05/2024 — 10/2025



Subjective perceived annoyance
Noise Mapping and psychoacoustics

u Stationary noise assessment
« Based on third-octave-frequency-dependent

sound pressure levels (DIN ISO 9613)
»  Psychoacoustic quantities are calculated per square of

a grid map
»  Loudness (ISO 532-1),
»__ Sharpness (DIN 45692)
[+ Tonality (50 1996-2, Annex K) |
Page 9 07.04.2025 © Fraunhofer Public

Subjective perceived annoyance
Example: Tonality

Fan towards street

Fan to facade left
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Project: Psychoakustische Bewertung von Schallausbreitung in
Larmkarten (Az.: 10.08.18.7-24.48)

PsyKart

Duration 05/2024 — 10/2025

Project: Psychoakustische Bewertung von Schallausbreitung in
Larmkarten (Az.: 10.08.18.7-24.48)

PsyKart

Duration 05/2024 — 10/2025
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sound emission heat pump mock-up
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Heat pump (fan) mock-up developed for %’
research purposes o
Fan operating at 80 % of maximum power §
T
g
.|||||||||.. Frequency (third-octave) in dB(A)
m Direction in 10°- steps
\Jl Radius: 1.7m
Height: 1.0m
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frontal

Fan

[2] S. Wagner and J. Rohlfing,
Effect of the Fan-Heat Exchanger
Interaction on the Acoustic
Emissions of Heat Pumps:
Experimental and Numerical
Studies, Darmstadt, 2022.



sound emission heat pump mock-up

Subjective perceived annoyance &
Example: Tonality

Tonality \

« Based on third-octave-level difference:
ISO 1996-2 (Annex K)
Tonal, if (relative) difference to neighbor-frequency level is ...
15 dB (25 Hz to 125 Hz),
8 dB (160 Hz to 400 Hz), Fan towards street Fan to facade left
5 dB (500 Hz to 10 000 Hz).

50 Al o,
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*\/ —e—back-right I\

—o—frontal

sound preassure level Lp [dB(A)]

20

63 125 250 500 1000 2000 4000 8000

third-octave frequency f [Hz]

Prominent Tone
indB

= Shows distribution of tonal overshoot 1o
1,0 - 20

2,0 - 30
I 2030 street
> 4,0

Project: Psychoakustische Bewertung von Schallausbreitung in
Larmkarten (Az.: 10.08.18.7-24.48)
PsyKart
Duration 05/2024 — 10/2025
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Fan towards street ) Fan to facade left
Mapping with psychoacoustics o PRI T
What we (not) have yet? 53
u Stationary noise assessment o
| o
* Based on third-octave-frequency-dependent o
sound pressure levels (DIN ISO 9613) Izn
»  Psychoacoustic quantities are calculated per square of o
a grid map
»  Loudness (ISO 532-1), Sharnes
e Sharpness (DIN 45692), s
«  Tonality (ISO 1996-2, Annex K) G0
n Time-variant noise assessment e

« Based on time-signals (e. g. measurements)
« Transfer-functions are calculated per square of a grid map
«  Psychoacoustic with time-signals filtered by transfer- I il
function for
*  Roughness (DIN 38455),
*  Fluctuation
* Impulsiveness

Prominent Tone
inds.
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Conclusion and Outlook

Summary

= Understanding of the technical background of
noise components is necessary.

= Psychoacoustics and psychology assessment can be used for:
= Research: What is (really) annoying?
= Positioning of heat pump.
= |dentify sound insulation measures, based on perception.
= (Psycho-)Acoustic based heat pump control.
Next Steps in our Projects

= Heat pump noise propagation in urban environments.

= Validation and improvement of psychoacoustic mapping.

Page 13 10.07.2024 © Fraunhofer IBP

David.goecke@ibp.fraunhofer.de

Public



