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ABSTRACT

KEYW ORD

Purpose: The purposes of this paper are to investigate effects of indoor thermal environment on acoustical
perception and effects of acoustics on indoor thermal perception, and to understand basic human perception on
indoor environment. Method: Subjective assessment was performed in an indoor environmental chamber with
24 university students. Thermal conditions with PMV -1.53,0.03, 1.53, 1.83 were simulated with a VRF system,
a humidifier, a dehumidifier, and a ventilation system. Six noise sources - Cafe, Fan, Traffic, Birds, Music,
Water- with sound levels of 45, 50, 55, 60 dBA were played for 2 minutes in random order. Temperature
sensation , temperature preference, humidity sensation, humidity preference, noisiness, loudness, annoyance,
and acoustic preference were assessed using bipolar visual analogue scales. The ANOVA and Turkey’s post hoc
test were used for data analysis. Result: Thermal environmental perceptions were not altered through 2 minutes
noise exposure. Acoustical perceptions were altered by thermal conditions. The results were consistent with
previous papers, however, the noise exposure time should be carefully considered for further development.
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Table 1. Indoor environmental chamber configurations

Description

40 m (w) x 5.0 m (I) x 24 m (h)

Size (face-of-finish to face-of-finish)
Room Laminate floor on concrete and urethane layers
Materials Urethane panel with gypsum lapping
Double glazed window with 5 mm glass panes and
5 mm air cavity
VRF Rated Total Cooling Capacity 2.3kW
System Rated Total Heating Capacity 2.6kW
Control Humidjty Humidifier Max 3000cc/hr
System | Control Dehumidifier Max 30 lday
Supply Air Flow Rate 0.03 m’/s
Ventilation
Exhaust Air Flow Rate 0.03 m’/s

Table 2. Thermal conditions and variations(measured by THD-W)

Target Measured Te °C| Measured RH %
Temp, RH, PMV Mean (S.D) Mean (S.D)
20°C, 45%, -1.53 20.1 (0.8) 47.1 (4.8)
25°C, 45%, 0.03 253 (0.4) 45.0 (1.7)
30°C, 35%, 1.53 30.0 (0.4) 348 (42)
30°C, 62%, 1.83 29.8 (0.4) 62.5 (3.4)
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Themo-Noise Project Subjective Questionnaire Session 1

Date: Case No Subject No

Sex Age Seat No:

o Example

[Overall Comfort]

Condition #1

[Temperature]

[Humidity]

Dry | | Humid

Drier | | More Hurnid

[Acoustics]

Quiet | | Noisy

Soft | Loud

©»
S

> 8
g 3

| Louder

Fig. 2. Subjective questionnaire sheet
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Table 3. Results of ANOVA and Turkey’s post-hoc test among
PMVs on acoustic assessment vs PMV (Grouping information
means that do not share a letter are significantly different.)

ANOVA

. Turkey's HSD  Grouping Degree
Acoustic T
assessment r p | PMV PMV PMV PMV | ©
-1.53 003 153 183 |Freedom
Noisiness Total | 4.79  0.002 B B AB A |3, 2300
Café 134 0262 A A A A 3, 380
Fan 0.11 0.952 A A A A 3, 380
Traffic | 253 0.057 A A A A 3, 380
Birds | 0.88 0450 A A A A 3, 380
Music | 0.75 0.521 A A A A 3, 380
Water | 1.85  0.138 A A A A 3, 380
Loudness Total | 7.53  0.000 AB B A A |3, 2300
Cafée | 204  0.108 A A A A 3, 380
Fan 0.2 0.896 A A A A 3, 380
Traffic | 342  0.017 AB B AB A 3, 380
Birds | 098 0404 A A A A 3, 380
Music | 222 0.086 A A A A 3, 380
Water | 1.12 0342 A A A A 3, 380
lAnnoyance Total 10.55  0.000 B C AB A |3, 2300
Café 1.52 0.209 A A A A 3, 380
Fan 308  0.027 AB B AB A 3, 380
Traffic | 2.52  0.058 A A A A 3, 380
Birds | 2.76  0.042 AB B AB A 3, 380
Music | 292 0.034 AB B AB A 3, 380
Water | 3.55  0.015 AB B AB A 3, 380
lAcoustic ~ Total | 16.03  0.000 A A A B |3, 2300
preference Café 295 0.033 AB A AB B 3, 380
Fan 1.77 0152 A A A A 3, 380
Traffic | 5.09  0.002 A A A B 3, 380
Birds | 331 0.020 AB A AB B 3, 380
Music | 536  0.001 A A AB B 3, 380
Water | 2.83  0.038 A A A A 3, 380

Table 4. Results of ANOVA and Turkey’s post-hoc test among
noise sources on acoustic assessment vs PMV (Grouping
information means that do not share a letter are significantly

different.)

. ANOVA Turkey's HSD  Grouping Degree
Acoustic of
assessment F P | Café Fan Traffic Birds Music Water | Freedom
Noisiness
Total 15.6 0.000 | AB A A C AB B |5, 2298
PMV -1.53 281 0016 | A AB A B AB AB | 5, 570
PMV 0.03 588 0.000 | A A A B A AB | 5 570
PMV 153 345 0004| A AB A B AB AB | 5, 570
PMV 183 488 0.000] A AB A B AB AB | 5, 570
Loudness
Total 743 0.000| B BC AB C A AB |5, 2298
PMV -1.53] 2.09 0.065| A A A A A A | 5 570
PMV 0.03] 24 0036 A A A A A A 5, 570
PMV 153 2.13 0.060 | A A A A A A |5 570
PMV 1.83 2.12 0.062 | A A A A A A |5 570
Annoyance
Total 130.24 0.000 | A A A B B B |5, 2298
PMV -1.53] 29.06 0.000 | A A A B B B | 5, 570
PMV 0.03 43.72 0.000 | A A A B B B | 5, 570
PMV 1.53 31.67 0.000 | A A A B B B |5, 570
PMV 1.83 29.98 0.000 | A A A B B B |5 570
Acoustic
preferenceTotall 55.24 0.000 | B B B A A A |5, 2298
PMV -1.53] 15.14 0.000 | B B B A A A |5 570
PMV 0.03 17.79 0.000 | B B B A A A |5 570
PMV 153 13.62 0.000| B B B A A A 5, 570
PMV 1.83 12.13 0.000| B B B A A A |5 570
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Fig. 7. Thermal assessment vs acoustics (a)Thermal

assessment vs Sound level (b)Thermal assessment vs Sound
sourcesl (a.u.: arbitrary unit —5~+5)
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