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ABSTRACT

In this study, the objective and subjective sound quality of refrigerant-induced noise from air con-

ditioner indoor units are conducted, particularly on the noise of two-phase flow, which is the main

refrigerant-induced noise in air conditioner indoor units. To this end, Zwicker’s parameters were de-

termined for an objective evaluation of two-phase flow noise via signal processing. In addition, vir-

tual sound sources were produced such as the amplification of noise level, frequency shift, and in-

crease/decrease in playback time. Sound quality evaluation was performed on the virtual sound sour-

ces, and a multiple regression equation was established using the objective evaluation parameters.

Finally, a sound quality index with more than 90 % reliability is established through statistical proc-

essing and objective and subjective sound quality assessment of virtual sound.
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Fig. 2 Spectrogram of air conditioner indoor unit noise
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Table 1 Zwicker’s parameters
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Table 2 Virtual noises

Source Explanation
1 Reference sound
2 Overall level -12 dB
3 Overall level -9 dB
4 Overall level -6 dB
5 Overall level -3 dB
6 Overall level +3 dB
7 Overall level +6 dB
8 Overall level +9 dB
9 Overall level +12 dB
10 Freq. x 0.8
11 Freq. x 0.9
12 Freq. x 1.1
13 Freq. x 1.2
14 Time x 0.25
15 Time x 0.50
16 Time x 2.00
17 Time x 4.00
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Table 3 Objective evaluation of virtual noises

Source Explanation Loudness Fluctuation | Roughness Sharpness Tonality
1 Reference sound 1.320 0.0094 0.1340 1.480 0.0633
2 Overall level —12 dB 0.3840 0.0079 0.0000 1.740 0.0351
3 Overall level -9 dB 0.6110 0.0083 0.0001 1.690 0.0447
4 Overall level -6 dB 0.8760 0.0091 0.0067 1.620 0.0543
5 Overall level -3 dB 1.170 0.0951 0.0561 1.540 0.0599
6 Overall level +3 dB 1.480 0.00965 0.2180 1.430 0.0662
7 Overall level +6 dB 1.910 0.0104 0.3990 1.390 0.0661
8 Overall level +9 dB 2.460 0.0112 0.6470 1.390 0.0651
9 Overall level +12 dB 3.130 0.0123 0.8370 1.410 0.0634
10 Freq. x 0.8 1.290 0.00952 0.1090 1.500 0.0568
11 Freq. x 0.9 1.30 0.0105 0.1300 1.470 0.0574
12 Freq. x 1.1 1.340 0.00987 0.1530 1.460 0.0558
13 Freq. x 1.2 1.320 0.00913 0.1440 1.460 0.0589
14 Time x 0.25 1.280 0.0132 0.1390 1.290 0.0521
15 Time x 0.50 1.410 0.0099 0.1860 1.390 0.0551
16 Time % 2.00 1.430 0.00848 0.1830 1.430 0.066
17 Time % 4.00 1.440 0.0109 0.1970 1.390 0.0597
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