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ABSTRACT

This study aims to identify changes in thermal sensation when the indoor thermal environment
suddenly changes after a short-term thermal experience. To understand the thermal adaptation
process, it is examined on a time scale of minutes. This study focused on the mechanisms of
thermal adaptation changes to hot thermal sensations. The experiment was conducted with two
scenarios targeting 13 participants (Scenario 1. From comfortable to uncomfortable hot,
Scenario 2. From uncomfortable cold to uncomfortable hot). At the same time as performing the
experiment, thermal sensation vote (TSV) and comfort sensation vote (CSV) were surveyed
using the right-here-right-now method. Depending on the difference in the previous thermal
experience, TSV and CSV were affected from immediately after the change in the indoor
thermal environment to 6 minutes. It showed a gradual change and reached a steady-state 15
minutes. Predicted mean vote (PMV), an objective evaluation index, and TSV, a subjective
evaluation index, showed a difference immediately after the change in the indoor thermal
environment. In order to closely control the indoor thermal environment, it is believed that the
thermal experience and thermal adaptation aspects of occupants should be reflected.
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A. Scenario 1

PMV=0, 26°C > PMV=2,32°C
7,=26C Neutral Uncomfortable hot
Preparation M start | Experimental condition 1 [ESSJSsintSizIROilisl0ilKe
[ | | | | | | [ | [ | | ¥ N ¥ N |
| [ [ | | | |
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T,=26°C Uncomfortable cold Uncomfortable hot
Preparation m Start | Experimental condition 2 [BNSsin@izI R0}
[ | I [ | [ | [ | [ | I I B
| [ [ | | | | | | |
Omin 15min = 20min  20min 35min 50min
I Background survey I Thermal comfort survey per 3 minutes (right-here-right-now)

Figure 1. Experimental protocol
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Table 1. The Measurement Parameters and Types of Instruments used in Field Measurements

Description Parameter Range Accuracy Resolution
Thermal Air temperature (Ty, °C) -40 ~ 150°C +0.2°C 0.1°C
Environment Relative humidity (RHi,, %) 0~ 100%RH +(1.8%RH + 3%) 0.1%RH
Meter Air velocity (V,, m/s) 0.4 ~30m/s +(0.02 m/s +2%) 0.1 m/s
(TESTO400) Radiant temperature (T,, °C) 0~ 120°C -40 ~ 1000°C ;
Data logger Air temperature (Ti,, °C) 0~50°C +0.024°C (at 0~50°C) 0.01°C
(HOBO-MX Relative humidity (RHin, %) 1 ~90%RH  +2% RH (at 20%~80% RH) 0.01% RH
1102A) CO; level 0~5000 ppm CO, +(50ppm CO2+5% of mv) | ppm

Table 2. Experimental Environment Conditions (Mean%S.D)

.. Operative Air veloci Relative Thermal
Condition tempfrature O (m/s) y humidity (%) PMV PPD (%) sensation
1 26+0.9 0.1 502 0 5 Neutral
2 22.3+0.9 0.1 4845 -2 76.6 Cool
3 32.440.5 0.1 47+4 2 76.7 Warm
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Table 3. Questionnaire Items

Index
Thermal sensation -3 =Cold, -2 = Cool, -1 = Slightly cool, 0 = Neutral,
vote (TSV) 1 = Slightly warm, 2 = Warm, 3 = Hot
Comport sensation -3 = Very uncomfortable, -2 = Uncomfortable, -1 = Slightly uncomfortable, 0 =
vote (CSV) Neutral, 1 = Slightly comfortable, 2 = Comfortable, 3 = Very comfortable

Table 4. Mean demographics of Subjects (MeanS.D)

Clothing Metabolic
BMI insulation  rate
(clo) (met)

Sample  Age Height

cenario escription size  (year) (m)

Neutrality (PMV=0) — 13

Non-neutrality (PMV=2) (Male)
Non-neutrality (PMV=-2)— 13

Non-neutrality (PMV=2) (Male)

30.8+£5.5 1.76+0.04 24.9+2.8 0.42+0.03 1.0+0.2
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Figure 2. Thermal sensation vote (TSV) by scenario 1
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Figure 3. Thermal sensation vote (TSV) by scenario 2
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Figure 5. Comfort sensation vote (CSV) by scenario 2
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Figure 6. TSV, PMV deviation according to adaptation time

7 st Sl mhE A aAte] 287 st S oleliotr | o] &k WAt tﬂr—e— Zil
o1 w7} Hi5=el pMV e} F1H2101 710l TSV O] HAE Figure 70 EA3I612IT) &

3} 290 AR Fofte] 271 @ A-g S metolr] flote] A A, 31, 6 tﬂ
[E1E 2-8519tt F AU 7HPMV 2k] Aoligh2 2, 4010 A 2% 2= 6°C, 12°C
olth. PMV, TSV Wk}t 5% 24 27t 245 | A o] PAZ 7x = FFS B
™, PMV (2=0.333)7} TSV (a=0.122) Ha}E T} 2,278 2 712715 712 25 oHA ety
o}, @Afe] 24 e E o U2 25 0] G AAS 7] A9 2 e Hst A9 ol=PMV7}
AR 23t vlsl o] 2418 Uehlle A o2 AlmHTh

(]
o

ol
ol X

Lol

o
a,

4.5
4 I .
3.5
> 3 | !
2 s
<‘ .
i e
S N N
1 i :
0.5
0 i .
2 4 6 3 10 12 » I

Temperature Difference (°C)

@ TSV A PMV oo Linear(TSV)  --------- Linear(PMV)

Figure 7. Changes in TSV and PMV according to temperature difference

TSVE 7|50 2 Griffiths method (Griffiths, 1990)5 285} TH2L HOE
1 73} Figure 83 2t o] = 32202 Leh e 1.2 $7) @ Holte] £
APgRte = A Aztoll sl &4 A3 0] A mpolS T 4 QT AuE] 2

i r°l'
-

=

¢

Journal of KIAEBS Vol. 18, No. 1, 2024 « 45



2]
S

1

A
=

1

o
H

=
1o127.79°CE 1t

27

fo] 2.89°C WrolAick. Aluke] 2.29] 3%, Akl 1o}

S H FHL%30.39°C

—

o

AL 1ol Auyed

%]4:28.35°C, X[t 31.24°C=
Y 25 HT}H0.73°C

158 & 24 FP27T LERE O, 0] ¢

O] A9 3.1°C T4

2

OlA]
H'=

Bgon, 24 3

=

=

()

194 2= TSVl AW

Analysis of Time-dependent Changes in Thermal Comfort of Occupants according to Short-term Thermal Experience: To Uncomfortable Hot

AN 9ROl SR M m oop
=10 o o BAXETT Bz W

D . = ~ 20 T
o o ® o_oﬂ_.ﬂo,«”ﬂm_wég_owﬂgm
. N ORT U VY o @ X
T meuudl%,g }_mm S
T L_L N o_o..D! N ,mﬂ,mwo ot
ﬂoﬂ = WS Ay T wr B -
T o o 7goacnx%%:_oo"_x
- == B gy g I o Ak
; *3% repprsTiad
—k F YR = mxﬁ,@s%MﬂHfﬁ%d‘.
— Kk ge % of Mo ﬂoﬁEW__ N " H

£z . U = N B & 0 =
: : J_._lio%qﬂﬁﬁ}u N T =

mb -~ T o N OE _.._1r
Ty i, 2l I agE®Enwd
—1 4 :: | § g o o =~ ] of © U
m.m - ..M MIWOHLWFIMOMQWL@E#ELO._Lﬂqﬁ
il £ . 3 ﬁouLd.mﬂwurzm%ﬁ.W%maﬂuw%E
P B8 mWMgge BT o) TR oo
] 5 7 £ o 2 B o W o KRR
gl s = WNATATO]LWodEMﬂﬂL%owEﬂ_WMU_xﬂo

£z R R P % 1 w
1=} i Prxe~o%dy  Eakel
S 0§ gESizatieeniie

5 g 0 ™ ~
g o ﬁﬂwdﬁmoﬂLﬂﬂdamﬂ_W%Wmae%M
: &l t FEEIIEIAETIECC
» £ @ S K —_— ~; o O N = o
X 11| 2 SETERNSEREETARG
g g N — o )

5 SR S R !
i ek ) S I S e T
0 Cg B KB m 2w oo LW o
et i;ﬁoﬂl%oﬂ_uwr_eoﬂon_,uiﬂoﬁla]
o g 2 8 3 @ = =® = & a8 = L_LQ_MEBﬂuz.u._j.ﬁ&u__é,o_m_.b/l
| S A7 ~n X o o
my (D,)ormeradue} fennaN HA BM ﬂAh ‘LI—M Ll N ‘E_IE ,N_l 1l 1_|O ‘of M"m Hw_m KO
oF Moo 5 N gr B g oor BNy <k Ty
= 2 A ~

= xﬂnauAT;onm_xUTﬂ,Aﬁ"_aaﬂ
s uh%%%@%%%m@ﬂ%ﬁg
ofF T e TR = S L e B [N
o MRS RTOITTRHT P
o B OO o W o B 58 % ™ M B R

olet.

sfstolof 2

=

=
=

- 2x

Journal of KIAEBS Vol. 18, No. 1, 2024

46



Analysis of Time-dependent Changes in Thermal Comfort of Occupants according to Short-term Thermal Experience: To Uncomfortable Hot

X
rHu

re
rr
L
N,
ng
o,
ol
o
i1
=
rfo
e

gho] WSt AlElell A o] Rminutes) B2 &
3 742 A TE(PMV)2} Tl A Bl E e

2 o
)
o
—
5]

| V, CSV) B3t =& 715}
At 2 3 o] Wsk= S8 2d S (PMV = 0)oflA] HISH T2 SH(PMV =2), HIF
Y 22 FHPMV = -2)°A HISH 11L& EH(PMV = 2) 0 & 2712] AU -5 A5
o} AU @& -Fol d AR o) Afolof ke 2 A3 vist S A 0 & ook
A A= thaat Zrt

2 @] A 7o) 2folof wheh Au242hd B} 2195 E 627k = TSV, CSVell &
&L AL o] el §istE Koot 155 A4 Aol mEshe 202 YEith 7
THA W7} 2 2Ql PMV et S04 37 2| HQ] TSVE AWLd5h7 ¥s) 215 1.399] 7R
T ZolE Bl om PMVZT B} o= A 0 & EEFQITE 4 124373 7P ARt &
ol5 Hyon |5EAol= AA| &d o] PMVELE 27hS 7= Zlo 2 Leldt) E3
Hstel= 2 27g9] WAte] 2717} Aok 284 WAl AdiA o2 vlEleiA]= =
s & 4 Q) Hol3zt 5] A Algte] uls] 4] ok g1k B, 3P4 5] A]
Zro] A7) kot A% 4= ool AP WIS 71x) = 3152 T o] 24 $-& Alo]
& 73 AWERONA ekt @4 AR & 4= Qlet o= AAARe] F Azt kS vl
T ong 2 Ao A= g% o | A AeFAlQl it upof] 7]ofgk 4= Q1S Alolet Al
ct
27|

O] =2 AH(IRY e H5415) o] AP o2 ek edqtAlehe] 2] ¢l-E ol -8 ¢
T(No. NRF-2022R1C1C2007215).

References

1. Brager, G.S., De Dear, R.J. (1998). Thermal adaptation in the built environment: a
literature review. Energy and Buildings, 27(1), 83-96.

2. Cao, B., Zhu, Y., Ouyang, Q., Zhou, X., Huang, L. (2011). Field study of human
thermal comfort and thermal adaptability during the summer and winter in Beijing.
Energy and Buildings, 43(5), 1051-1056.

3. de Dear, R.J., Akimoto, T., Arens, E.A., Brager, G., Candido, C., Cheong, K.W.D., Li,
B., Nishihara, N., Sekhar, S.C., Tanabe, S., Toftum, J., Zhang, H., Zhu, Y. (2013).
Progress in thermal comfort research over the last twenty years. Indoor Air, 23(6),
442-461.

4. Du, C, Li, B., Cheng, Y., Li, C., Liu, H., Yao, R. (2018). Influence of human thermal
adaptation and its development on human thermal responses to warm environments.
Building and Environment, 139, 134-145.

Journal of KIAEBS Vol. 18, No. 1, 2024 « 47



Analysis of Time-dependent Changes in Thermal Comfort of Occupants according to Short-term Thermal Experience: To Uncomfortable Hot

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Ji, W,, Cao, B., Luo, M., Zhu, Y. (2017). Influence of short-term thermal experience on

thermal comfort evaluations: A climate chamber experiment. Building and
Environment, 114, 246-256.

. Liu, W., Huangfu, H., Xiong, J., Deng, Q. (2014). Feedback effect of human physical

and psychological adaption on time period of thermal adaption in naturally ventilated
building. Building and Environment, 76, 1-9.

. Luo, M., Cao, B., Ouyang, Q., Zhu, Y. (2016a). Indoor human thermal adaptation:

dynamic processes and weighting factors. Indoor Air, 27, 273-281.

. Luo, M., Ji, W., Cao, B., Ouyang, Q., Zhu, Y. (2016b). Indoor climate and thermal

physiological adaptation: Evidences from migrants with different cold indoor
exposures. Building and Environment, 98, 30-38.

. Maykot, J.K., Rupp, R.F., Ghisi, E. (2018). A field study about gender and thermal

comfort temperatures in office buildings. Energy and Buildings, 178, 254-264.
McGregor, G.R. (2012). Human biometeorology. Progress in Physical Geography,
36(1), 93-109.

Nicol, J.F., Humphreys, M. (1998). Understanding the adaptive approach to thermal
comfort. ASHRAE transactions, 104(1), 991-1004.

Ning, H., Wang, Z., Ji, Y. (2016). Thermal history and adaptation: Does a long-term
indoor thermal exposure impact human thermal adaptability? Applied Energy, 183,
22-30.

Schweiker, M., Brasche, S., Bischof, W., Hawighorst, M., Voss, K., Wagner, A.
(2012). Development and validation of a methodology to challenge the adaptive
comfort model. Building and Environment, 49, 336-347.

Yang, D., Xiong, J., Liu, W. (2017). Adjustments of the adaptive thermal comfort
model based on the running mean outdoor temperature for Chinese people: A case
study in Changsha China. Building and Environment, 114, 357-365.

Yu, J., Ouyang, Q., Zhu, Y., Shen, H., Cao, G., Cui, W. (2011). A comparison of the
thermal adaptability of people accustomed to air-conditioned environments and
naturally ventilated environments. Indoor Air, 22, 110-118.

Zaki, S.A., Damiati, S.A., Rijal, H.B., Hagishima, A., Abd Razak, A. (2017). Adaptive
thermal comfort in university classrooms in Malaysia and Japan. Building and
Environment, 122, 294-306.

Griffiths, 1. (1990). Thermal comfort studies in buildings with passive solar features,
field studies. Report to the Commission of the European Community, 35.

Fanger, P.O. (1970). Thermal comfort: Analysis and applications in environmental
engineering. Copenhagen: Danish Technical Press.

Parsons, K. (2007). Human thermal environments: the effects of hot, moderate, and
cold environments on human health, comfort and performance. USA: CRC press.
ASHRAE. (2017). Thermal Environmental Conditions for Human Occupancy. American
Society of Heating, Refrigerating and Air Conditioning Engineers, Inc.

48 + Journal of KIAEBS Vol. 18, No. 1, 2024



