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ABSTRACT KEYW ORD
. . . . EX~FT)
Purpose: Thermal sensation or thermal comfort was randomly used in many studies which focused on S & :fll -
combined effects of thermal and acoustic environments on human perception. However, thermal sensation and é ,_EH =t 73 il:fll =7t

thermal comfort are not synonyms. Thermal comfort is more complex human perception on thermal Lo|=L|A
environment than thermal sensation. This study aims to investigate effects of noise on thermal sensation and ~ 2fSEL2

thermal comfort separately, and also to investigate effects of temperature on acoustic sensation and comfort.
Method: Combined thermal and acoustic configurations were simulated in an indoor environmental chamber.

Thermal Sensation

Twenty four participants were exposed to two types of noise (fan and babble) with two noise levels (45 dBAand  Thermal Comfort
60 dBA) for an hour in each thermal condition of PMV-1.53, 0.03, 1.53, 1.83, respectively. Temperature  Indoor Environmental Comfort
sensation, temperature preference, thermal comfort, noisiness, loudness, annoyance, acoustic comfort, indoor ~ Noisiness

environmental comfort were evaluated in each combined environmental condition. Result: Noise did not

Loudness
Annoyance

affected thermal sensation, but thermal comfort significantly. Temperature had an effect on acoustic comfort
significantly, but no effect on noisiness and loudness in overall data analysis. More explicit interactions between

thermal condition and noise perception showed only with the noise level of 60 dBA. Impacts of both thermal
comfort and acoustic comfort on the indoor environmental comfort were analyzed. In adverse thermal
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environments, thermal comfort had more impact than acoustic comfort on indoor environmental comfort, and in Accepted Feb. 15,2017
neutral thermal environments, acoustic comfort had more important than thermal comfort.
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Table 1. Indoor environmental chamber configurations

Description
Size 40m (w) x 50 m (I) x 24 m (h)
(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
giltirl(l)?l Humidity ~ [Humidifier Max 3000cc/hr
System Control Dehumidifier Max 30 l/day
o Supply Air Flow Rate 0.03 m’s
Ventilation - .
Exhaust Air Flow Rate 0.03 m’/s
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Table 2. Thermal conditions and variations(measured by THD-W)

IRECOENIVS Meffe;",fd(i)%v ) ASI-IfleAEnsag(g-lZOB
-1.53 (20°C, 45%) -1.53 (0.14) Cool
0.03 (25°C, 45%) 0.06 (0.05) Neutral
1.53 (30°C, 35%) 1.52 (0.08) Warm
1.83 (30°C, 62%) 179 (0.08) Warm

2 Assessment
i

f 1
30 min 0min 60 min

le Thermal Adaptation e Noise Exposure %

15t Assessment

Fig. 1. Test procedure
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Fig. 2. Thermal comfort, acoustic comfort, indoor environmental
comfrot by PMV (a) 45dBA vs 60 dBA (b) fan vs babble

Table 3. ANOVA results (bold: P < 0.05)
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Fig. 3. Temperature sensation and preference by PMV (2min vs.
55min)

Thermal Acoustic Overall Indoor | Temperature Temperature e
Comfort Comfort Comfort Sensation Preference INEEEES s LTI TED
Overall data
Noise Level F(1'7(,4) =5.03 F/]]ﬁ(,) = 2967 F‘(]]ﬁﬁ) = 7041 F(]'765) = 0.56 F(1,766) =0.0 F([](,(,) = 1059 F(l,765) = 1286 F‘(1V766) =224.1
(45dBA vs 60dBA) P = 0.025 P = 0.000 P = 0.000 P = 0455 P = 0.946 P = 0.000 P = 0.000 P = 0.000
Noise Type F(]'7(54) = 4.69 F(]vmg) =139 F(]vmg) =6.11 F(]]gg) =00 F(1'7(55) = 0.09 F(/]gg) = 4.68 F(]]ﬁj) =134 F(]]@g) = 1.05
(Fan vs Babble) P = 0.031 P =024 P = 0.014 P = 0971 P = 0988 P = 0.031 P = 0247 P = 0307
Exposure Time Fuzny =03 | Fuzg =231 | Fuzmg =09 | Fuzmy = 10.69 | Fyzs = 10.18 | F9 = 0.11 | Fyzs = 0.08 | Fuz = 0.2
(2 min vs 55 min) P =0.582 P =0.129 P = 0342 P = 0.001 P = 0.001 P =0.735 P = 0.783 P = 0.655
PMV F(3y763) = 100 F(3,764) =10 F(3,764) = 68 F(3,764) = 494.6 F(3,7,53) = 464.6 F(3,764) =0.82 F(j]ﬁj) =147 F(3,764) = 3.55
(-1.53, 0.03, 1.53, 1.83)| P = 0.000 P = 0.000 P = 0.000 P = 0.000 P = 0.000 P = 0481 P = 0221 P = 0.014

Noise Level = 45 dBA

Noise Type

(Fan vs Babble)

F(]'j(\’j) = 199
P =0.16

F(]ijz) = 065
P=04

Fussy = 2.51
P =0114

F(1,3R2) =144
P = 0.231

F(]'jgg]) = 104
P = 0308

F(]ijz) = 105
P = 0.001

F(]}gg;z) = 401
P = 0.046

F(1,3h’2) =434
P = 0.038

Exposure Time
(2 min vs 55 min)

F3s) = 0.04
P = 02845

F(/ngz) = 109
P =0.29

Fussy = 1.17
P =028

F([ngz} = 831
P = 0.004

F(1y38[) = 6.48
P = 0.011

F(/ngz) = 055
P = 0459

Fussy = 3.73
P = 0.054

F([ngz) = 017
P = 0.68

PMV
(-1.53, 0.03, 1.53, 1.83)

F(3,379) = 5727
P = 0.000

F(jngﬂ) = 766
P = 0.000

Fpssp = 47.52
P = 0.000

F(3'33()) = 240.27
P = 0.000

F(3'38()) = 15567
P = 0.000

F(jng{)) = 049
P = 0.688

F(}ng()) = 108
P = 0357

F(3'380) =204
P = 0.108

Noise Level = 60 dBA

Noise Type

(Fan vs Babble)

F(]Y.gg]) = 283
P = 0.093

F(]JXZ) = ]36
P = 0244

F([}ggz) = 464
P = 0.032

F(]}_;gg) = ]57
P =021

F(]Yggz) = 105
P = 0305

F(]}j&’_)) = ]55
P =0214

Fussy = 022
P = 0.639

Frss) = 026
P = 0.61

Exposure Time
(2 min vs 55 min)

F(ng]) = 1.05
P = 0307

F(]ngg) = 226
P =0.134

F(]ngz) = 006
P = 0813

F(]ngz) = 303
P = 0.082

F(1y382) = 3.86
P = 0.05

F([ngg) = 382
P = 0.051

F(]ngz) = 945
P = 0.002

F(]ngz) = 14
P = 0237

PMV
(-1.53, 0.03, 1.53, 1.83)

F(gy379) =453
P = 0.000

F(}ngo) = 948
P = 0.000

F3380 = 30.5
P = 0.000

F(}ngg) = 256.13
P = 0.000

F(3y3go) = 172.01
P = 0.000

Fssp = 1047
P = 0.000

F(3,330) = 13.63
P = 0.000

Fzss0 = 3.89
P = 0.009
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4 Table 4. Coded regression coefficients and variance inflation
ZITIZ?S?QET;.EE?E.’JEA e factors for indoor environmental comfort
. ] e loidnessesdBA e Annoyance 45dBa Coded T o
;':,F." ) . :)3 coefficient | Constant genl:fl;?lt éf:::fs:l: _Acoust_ic R:(adj)
w 2] BEIIIiiceeeoo _.o----oTIIIIIgf (VIF) interaction
g o S Overall | 09500 1(15‘15‘3‘)‘ %?%5 ‘2'12.32)7 86.65%
‘Ej e . o 4sapa [ o2ma | M| OO L | ssasw
ﬁ N 60 dBA | -1.5925 1(13‘1’;)2 (gﬁ?)l ‘zfg%) 82.38%
e —— Y O 0
N w o |t |t | [on
i S MY 04714 1(12;‘15)5 ‘zf‘z“l‘)z - 85.36%
O R N R n e | tem [ ose |
Fig. 6. Noisiness, loudness, and annoyance by PMV o= B2 Aol S abet At B 5T Tiller et al.[7]2 A-89]
G Ao FFS Xt ARE IO, Pellerin &
Ldg7gol 24 FHol 77k PMV = 0.039] ¢ 2 Candas[5]oI M= &% 434 (Thermal Pleasantness) 0|2t x}etu]
Aol g AGE AW 4 Az nAl= Fgol He El7} 120829 &g LEo)A &g ¥l w2 FA A 2po| g B
o, &3 #"o] 45 dBARI 749 2AI;|AHE] HdH Tt Ak
AT 3ol e Aoz UETh Eet, A ol olgat LAzt LA AL Aol £dghA Bt opat
7kt AT ALt AA R Ftstl o, & S ANNE FAEY A8 Yyt atefuEgl Lol RUA,
dedo] dotafdes AW ARY] JYLrt dHHer F SEYA, ojloldAE Ag HElat 745 A BAE BHCe
7Fstiet o, 45 o] dA #F o] 60dBA)Y ol 2FeHA
2 Q7 A¥] oshd Auio 2dedy S8 23l o] oJgre wr= Aoz yepdtt T, SgAEte] A% 4
b AW e A wdshe A% ¥Rt AHAeR o gue) grigle] edee] YL e Zo2 yehit
Aot 91tk 29 SN Hophe 93 2EF A 0] o A
Hog Lyl Aoz uyehgoen olggt A Yangl6),
5. 0% Nagano & Horikishi[3,4]¢} ¢ %] g},
2 A5 Adae| Oetd, deFEe AHeR fqA
LEI 2EASEE PMVE e ARAAE 21 e (sensation)ste FEollMe 8780 Foatgol 2HsHA
Z AZto] F7tgtel whet 2rfto] HAshs Ao® U BT, 2AH] A (thermal comfort)olet= ME-> 2o
olggt A= Pellerin & Candas[5]2] AgA A4 Aol & doAtgol o gds] dojdthal & 4 Qlrk EjH 42 24
Aot HHA Witterseh et al.[819] ATHE A7te] 2g42 39 9FE 2ARE W AW SR LDRE T
AY Zojzrt Lyl erzto] Z7kske A0 2 et o) o] e Argol F3sHA Yetylth A2 o Ad e a<l9]
3 ol AY A7 Sob Aofzpo A Fold Qo] zpo]of A A3 Age] gt Bk wEet A1E QlsiAe Azt A, A
71915t Ao 2 Helth B 3¢} Pellerin & Candas[5]2] 7%, Zk, IAe gt HEA 5919 o] g 7|§te = g Pt g
AY Folzte] 5ol BaskA] dhe T AFE oAt A 27gol Fag Zloltt.
A A5t AT, Witterseh et al.[8]9] ALol= A9 71t
oA gold, AR, FoH ALE 85t= A5 T AA AR 6. 4=
oA A E = JF7F Fol R
2T LEAT R Ag T 425 TR TS T 2 AFE 29T S8 9 ool AUl &4 A7l
AR oottt ol Yangl6], Witterseh et al.[8], Nagano & )= AgHplo] Higt T4 AZEAN A 2 A7HS 2o A
Horikoshi[3]¢] Z 9} frAFstt. S F 287 552or st den S o] JoAE
SR 2EAR et o] AHA At tiet weto] o] ARt A7 Tkol| n]H = AFES AW EITH A%
B7F 2% 9FE T g AF%S Hole ¥, 29343 & PMV -1.53, 0.03, 1.53, 1.83, 3842 W47} T4eE
& PMV Bk opyet A2 il 4F R T E FFS 7}7F 45 dBA, 60dBAE Alolstath. LdstAT 23kA o B}
gr= 72102 YePdH Nagano & Horikoshi[3]E &g 24 PR on7t enMsL, A Lo|2UA U goc
ol njAe G2 oy 24| A o= FF A A
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24840 S8AL FHARolHE guldAe FAZCR
Fomet Aoa-go] AR oY, Y g9 A7 oA
= Aol HAEA gtk AW B HA7o] gt 24
AT SFHALY] A e 29T 39
Z7of we} Wtstglon, 24 FHNME SFHATY FF
o] =911, A% o] W2 A= 243 H7e] d3FE
o] &St}

2 Aol AR A HAel 9 Ad Fozte] Agtacle
2 Qe Ay AFo] FHAZOIAY 60dBAE ZI}ol= AdAa
o=, 2 AR PMV H9] vro] 2d%, = 1zt ¢ ofRo],
Y I T2 oFet A Aol tistele FF AT A 1Y
E|ojoF g Ao}, gt Ay 2+ F|A7S By HEF] ofsfist
7] oM 2T SeE o] FoAE B ak ofyet 3718
74, dabdat 22 o2 34 §oly 2439 AJsatge o
e A4t Basty, oo R YrbA] &7 899 FRA A
RGO gt A= SFEojoF & Aot}
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