’i) Check for updates

Trans. Korean Soc. Noise Vib. Eng., 35(1): 15~28, 2025
https://doi.org/10.5050/KSNVE.2025.35.1.015

tEa2tEgeE =2y M353 M 135, pp. 15~28, 2025
ISSN 1598-2785(Print), ISSN 2287-5476(Online)

794 ) oolAst 2719 AY) $Yzad wE

cedd 2 5 BEE %7

Evaluation of Noise Levels and Speech Intelligibility in a Classroom
under Different Air Conditioner and Air Purifier Operational Conditions

R R
Da-Hye Hong and Myung-Jun Kim'

(Received August 27, 2024 ; Revised November 14, 2024 ; Accepted December 24, 2024)

Key Words : Classroom(7d2]4), Air Conditioner(°l|©171), Air Purifier(3-7]1% % 71), Indoor Equipment Noise( W]

A¥)7]7] Z2), Speech Intelligibility(4 ™H), Speech Transmission Index(573d AEA]4),

Signal to Noise Ratio(A1 & t)3d2-1])

ABSTRACT

The use of air quality systems in school classrooms has grown to enhance the indoor environment

and reduce the spread of airborne infections. However, this has resulted in increased noise levels and

reduced speech intelligibility during classes. This study examined noise levels and the STI in a

classroom, focusing on the operational conditions of an air conditioner and an air purifier. Strategies

for achieving optimal speech intelligibility under different operational scenarios were evaluated using

acoustic simulations in a typical classroom setting. The findings revealed that reducing reverberation

time did not always improve speech intelligibility due to the elevated noise levels generated by the

equipment. The minimum noise level produced by the equipment was approximately 36 dBA.

Considering the practical constraints of developing low-noise devices, an alternative approach is to

increase the speech level to achieve a signal-to-noise ratio (SNR) of at least 10 dBA. Additionally,

positioning the equipment at the front of the classroom, near the speaker, proved beneficial for

ensuring a uniform distribution of speech intelligibility across all listening areas.
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Fig.1 3D shape and dimensions of the classroom

Table 1 Specifications of air conditioner and air purifier

Equipment Specifications Value
Type Floor standing
Dimensions
Air (W x H x D) [mm] 610 x 1850 x 400
conditioner

Cooling capacity

(min/rated/max) [kw] | >-%/14-5/162

(cooling only)

Airflow rate

(min/mid/max) [m*/min] 2730135
Type Floor standing
Dimensions
Air (W % H x D) [mm] 490 x 1700 x 294

urifier i
p Power consumption 120/20
(max/avg) [W]
Using area [m?] 165 (1774 ft%)
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Fig.2 Source and receiving points on floor plan of
the classroom

Table 2 Measurement and analysis equipment

Equipment Model(company)

Sound level meter NA-28(Rion)

Microphone UC-59(Rion)

Omnidirectional

SL103AC-DC(LookLine)
sound source

H/W : 01 dB dB4(ACOEM)
(4 ch. sound and vibration analyzer)
S/W : Dirac 3.0(B&K)

Analyzer
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(a) Measurement 1.5 m apart from equipment
(left one is air purifier, right one is air conditioner)

(b) Measurement throughout the classroom

Fig.3 Measurement of noise levels produced by air
conditioner and air purifier

Table 3 Measured acoustic parameters of the classroom

Acsisie Octaveband center frequency [Hz]

parameter 125 | 250 | 500 | 1000 [ 2000 | 4000

RT (T30) [s] 130 | 124 | 133|139 | 1.44 | 1.35

EDT [s] 143138 | 159|156 | 1.62| 1.57

D50 [%] 34 |35 | 31 | 30 | 27 | 28

noi]::cllé\g/re(l)lfgdB Ap | 154190205197 201 | 154
STI 047
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Table 4 Noise level of air conditioner and air purifier measured by airflow adjustment

Noise level [dBA]

Measurement method Equipment Octaveband center frequency [Hz]
63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | Total
Air Max | 308 | 43.1 | 449 | 463 | 47.1 | 468 | 40.6 | 269 | 53.1
Direct noise level | conditioner | Min | 220 | 347 | 39.1 | 394 | 402 | 392 | 309 | 17.6 | 46.0
(1.5m apart) Air Max | 29.1 | 40.1 | 4L1 | 437 | 475 | 446 | 382 | 281 | 514
purifier | Min | 24.1 | 370 | 355 | 388 | 429 | 382 | 30.1 | 199 | 464
Air Max | 253 | 387 | 40.8 | 437 | 439 | 432 | 370 | 235 | 497
Distributed noise level | €0Mditoner | Min | 184 | 31.0 | 340 | 363 | 358 | 343 | 271 | 171 | 419
(throughout classroom) Air Max | 25.6 | 48.0 | 37.1 | 409 | 44.1 | 418 | 352 | 241 | 51.0
purifier | Min | 207 | 447 | 312 | 346 | 385 | 353 | 273 | 173 | 465
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Table 5 Sound absorption coefficient of interior finishing materials in classroom used in simulation

Sound absorption coefficient

Building element Interior finishing material Octaveband center frequency [Hz]
125 250 500 1000 2000 4000
Concrete 0.02 0.03 0.03 0.03 0.04 0.03
Front Blackboard 0.24 0.2 0.18 0.18 0.18 0.21
Perforated acoustic panel™” 0.27 0.30 0.25 0.26 0.23 0.28
Concrete 0.02 0.03 0.03 0.03 0.04 0.03
Left Window 0.01 0.02 0.02 0.02 0.03 0.03
Perforated acoustic panel”” 0.27 0.30 0.25 0.26 0.23 0.28
Wall Concrete 0.02 0.03 0.03 0.03 0.04 0.03
Right Window 0.01 0.02 0.02 0.02 0.03 0.03
Door 0.29 0.26 0.13 0.08 0.07 0.07
Perforated acoustic panel”” 0.27 0.30 0.25 0.26 0.23 0.28
Concrete 0.02 0.03 0.03 0.03 0.04 0.03
Rear Perforated acoustic panel®” 0.27 0.30 0.25 0.26 0.23 0.28
Column Concrete 0.02 0.03 0.03 0.03 0.04 0.03
Ceiling Sound absorbing tex” 0.28 0.28 0.24 0.22 021 0.15
Floor Deco-tile 0.02 0.04 0.05 0.05 0.01 0.05

a): Perforated acoustic panel was applied in place of the ‘concrete’ material in the simulation RT 0.8 s model.
b): Followed by Kim with minor modification of sound absorption coefficient
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Table 6 STI according to the noise level of air condi-
tioner and air purifier in two different RT

Turn |Air conditioner | Air purifier

off Max | Min | Max Min

Noise level

RT | Mean | 052 | 022 | 039 | 025 | 037
1.36s | Quality | Fair | Bad | Poor | Bad Poor

RT Mean 0.61 0.20 | 0.41 0.24 0.39
0.8s Quality | Good | Bad | Poor | Bad Poor
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Table 7 STI according to the placement of equipment

Single equipment Single equipment Combination of two equipment

Case (air conditioner) (air purifier) (air conditioner & air purifier)
S1-F | SI-B | SI-C | S2-F S2-B | S2-C | D-FF | D-BF | D-CF | D-FB | D-BB | D-CB
Mean 0.48 0.47 0.46 0.38 0.38 0.37 0.30 0.29 0.29 0.29 0.29 0.28
S.D. 0.015 | 0.027 | 0.022 | 0.016 | 0.038 | 0.029 | 0.016 | 0.030 | 0.024 | 0.024 | 0.045 | 0.034

*S: Single equipment, D: Two pieces of equipment, F: Front, B: Back, C: Ceiling
ex) D-FB: Combination of two equipment - Front(air conditioner) and back(air purifier)

*S.D. means standard deviation of sample data
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