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Comparative Analysis of Indoor Thermal Comfort in a Residential Building
by Applying Dynamic Clothing Insulation
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Abstract
The purpose of this study is to confirm the necessity and significance of applying a dynamic clothing insulation for controlling the thermal
environment. For this purpose, the comparative analysis of indoor thermal comfort in the residential building was conducted with three
different control methods: 1) DBT (dry-bulb temperature)-based control, 2) PMV (predicted mean vote)-based controls reflecting the fixed
clothing insulation, 3) PMV-based control reflecting the dynamic clothing insulation. DesignBuilder was employed for a residential building
modeling and the thermal comfort analysis which was accessed with PMV and PPD (predicted percentage dissatisfied) indicators. As a result,
the PMV-based control applying the dynamic clothing insulation satisfied the comfort ranges of the PMV and PPD at all times regardless of
the season. On the other hand, in the case of the DBT-based control, the average PMV value was out of the comfort range in both seasons,
and the PPD value was more than twice that of the PMV-based control reflecting the dynamic clothing insulation. In addition, PMV-based
control reflecting fixed clothing insulation resulted in a slightly cold condition in the morning and at night in both seasons as presenting
PMV values below —0.5 and PPD values over 10%. In conclusion, from this study, the possibility was confirmed that the PMV-based control
reflecting dynamic clothing insulation can provide a comfortable thermal environment for the occupants. Therefore, it is necessary to apply
the accurate value of the clothing insulation in order to comfortably control the thermal environment, and a follow-up research should be
conducted to develop a prediction model of the real-time clothing insulation.

719E AW B, EAF, DI, dGENSE, FoF
Keywords : Indoor Environment, Thermal Comfort, Predicted Mean Vote, Predicted Percentage Dissatisfied, Clothing Insulation
1M = H 2% 5%, 7HFS5E, HFEA2S(mean radiant
temperature, MRT)$} 22 3742 94 F A=A 7
AA= AW AF AZtel FUHgel wgk HHg Z Q292 2| TF(clothing insulation)Z} -5 F(metabolic
AY3ZAE AlFol tek 277 AEH o E FUsta o rate) 2.2 FA T}
o, A& ARl Aol olH3 Argre] A, A B e PMVE 300014 +3.0 HefollA Al A8 S 3
4g BEHoE fAsE e BHoR ¥ HoE el 300 eSS F& AEF 300
(Altomonte et al., 2019; 7%, 2015; ASHRAE Guidline WhesE He AEE vt = g8 d#RF @7t

10, 2011; Choi, 2020; Spengler, 2012). AWHg7F o A& T
dote 84 T 8L AdAY] dHAS A=
Azl A A& JEb = AFE F Fanger(1970)°] <&l
Aotd o 4 7L d 7 (Predicted mean vote, PMV)2 67}

AEZ PMV 20A BHRHSHA =7l A Hles
AFHosE Uede  d3ETESE(Predicted percentage
dissatisfied, PPD)°] AM&HTH F A A FolA At

o] dutRog dHo 7 HASA 7= HAE -05 <

2o d&8H AHQAAE TEHIL 3 AAHALLE= A

PMV < 0.5, PPD < 10%°]THASHRAE 55, 2017).
A d8A S Aojstr] el 7S YutE o g A

o] EL AR}/ EHREND] YPO 2 FTATA T

A Qg wol FaE A7UNo. 2019R1A2C1084145).

&

* Fdd AEF3HE AL 3t A2 =(dry-bulb temperature, DBT) Aol= =7
W Zort) AEER Ay THEE =Y AojgEa % zucu 9y 94 GEe
e ASEet w, S st #E, 714 E, MRT 5 582 24y 934
TSI ASE g, Feey Zedn wuEel BAE + Atk ol B 14 2
(Cerresponding author :.Scheol o.f Architecture and Building 37 9a=2 Egzow mEd 2 9= pMy |4 A3
Science, Chung-Ang University, gilerbert73@cau.ac.kr) 7 Aole] WL Ao EHTQOiOL]' PP 7(]_ o Aelm g

Sl

dA o,
205

Journal of the Architectural Institute of Korea Vol.37 No.4 (Serial No.390) April 2021

SIS | IP:165.194.26.%++ | Accessed 2021/05/31 18:20(KST)



dojo] nHFe R 7M1 Fo HEse W Hdg /‘}%3}01
o} olu] ZojEFe] -9 ASHRAE Fundamentals(2017)° 4]
AANEH ARG ALH 1.0 clo, dE5ZH 0.5 clos F=2
A g3l= FA °ltH(Gao, Wang & Wargocki, 2015; Hawila
et al, 2018; Kosonen & Tan, 2004; Moon, 2012). 3}A] T+
1AE ol ke AR HAA FFES WY zhol
ofyE=Z PMV 7]k Ao Al Ade] Al PMVEL 2o
7F EAR T = AE 7RI olEd AolE Qs A
ARl #AZA REET Gold £ o ol HJF A
A, A7 2 e A A ZAE o1E & Tk
ZrolgFe Al &F 9 AF A wE AN
2 ¥HE F de 54 WFol7] WEd PMVE AHE-3t
A Astr] A ABHoE SAHH A Z
o5 Frol AgHojok st} ojuf, HAA| HAUFAHANA F
A 2o
3
A

rlot
oﬁ r%

Fol PMV 7luke] A&7 Alole] MR YFE
olaly] 98] Hojgk 2 Ay 93 Aol W W
Aol A 24 FBast o

p

o AAA] mmwg 2ofere
3 s

. zw_xu

SIREEECE

oA WAE UG BAS wolr 24 Tlgel T 7]
o

Lo H-&H Aol dAHHEY. oHg dAHES RSt
7] 98l Licina et al.(2018)= AlAIZ o2 theFg 7] do
A FElE AERAF 235 208 ¢ FHEHAL Ze
Fo FFE VA= F& J‘?Lﬁ: 4 9 Folg 4% B
g s Soll A&o] 7hed HHolHE st

a4 478 59 %M BHe AuA Akl G
oAF 875 Aol 2857 W] A ABA Aol
of 4AOE MG ol gl meh w4
el A BefE AT W

De Carli et al.(2007)= & iz} HE = 24 649
7|57 AdAe o5 *dE—“'OH N = g

2435 Ed=E 24 6
TE 1St #HoE
W4 mdo] FdE
A Th(Liu et al., 2018; Schiavon & Lee, 2012). De Carvalho,
Da Silva & Ramos(2013)= FLe Hujel7l2x g oA
2o HHEr|eEE F8 WEE 83U Liu et
al2018)= A rje=e] AF VtEA A Hdgs
2o o & HEZ AFESA T Schiavon & Lee(2012)&
oA 6AY YUeE, AE2EE HFE 1H3E 3714
o o5 mds Jpdsido. AR AdE o
Age o7 d&F Ass FEI -r]°H
Ae 71 o= ZolFFe] FEF& ”]ﬂ%
g4, &3} F7HH o2 nEEojof ke A
glst .

Hole AF 9 A A =mdo] oid AFAF
71HE A3 d= md = &=tk Ngarambe,
Yun & Kim(2019)= 24 6419 &7|&%, ol€d, 48,
A, EFEFEES JYUoHE ALEStd Hed o=
S 2dS& Jdstdnh stARE dF 2o ol
T eFTE JA HEZAE 3 FHEHooF SRR

AAZPe g HolBHE dEwEd o sl e

ot r{m
R

N
=
[e]

o]

SINY- m[o

=
5
H
2~
Ee

!
m{o )

il

Table 1. Field studies for identifying clothing insulation

Num| Authors Contents
1 Wang et al. |20 subjects were surveyed for 9 clothing
(2020) situations in Beijing.
Liu et al 13 months of thermal comfort survey
2 ’ conducted in two office buildings in Changsha,
(2018) .
China.
Analysis of the relationship between wind
3 Salata et al. |speed, temperature and humidity in the
(2018) Mediterranean  climate zone and clothing
insulation values through survey.
A field study conducted at an office building
Wu, Cao & in Cjuangzhou, China. At roon.l temperature of
4 Zhu(2018) 26.8°C, occupants feel it as neutral
. temperature, and 90% of people feel
comfortable below 29°C.
A field study conducted in Switzerland
Haldi & confirmed that clothing selection was affected
5 |Robinson by the daily average outdoor temperature and
(2011) no adaptation to the clothing occurred within
one day.
Collecting student clothing information and
6 Humphreys |room temperature data in the UK classroom in
(1974) summer to present the optimal room
temperature according to the clothing.
Vecchi, Data collected in Brazil reveals the correlation
7 Lamberts & |between the clothing insulation and operating
Candido temperature in a warm and humid climate
(2017) zone.
From 1995 to 2016, data on the clothing
3 Licina et al. |insulation for each region, climate, season, and
(2018) building use were collected and “Comfort
Database” was established.
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Figure 1. Residential modeling images

Table 2. Modeling information of the residential building

Modeling input data

Information

Seoul, Korea

Location/Weather (EPW weather file)
Orientation South
Building Total floor area 560 m’
Information Floors 4F
Floor Height 24 m
Window to Wall Ration 18.4 %
External Wall (U-Value) | 0.17 W/m’K
Roof (U-Value) 0.15 W/m’K
Floors (U-Valuc) Ground-0.17 W/mzzK
Construction Internal-0.17 W/m'K
Windows U-value 0.90 W/m’K
Windows SHGC 0.817
Infiltration 0.7 ac/h
Occupancy 0.02 people/m2
Internal Metabolic rate 144 W/person
Load Lighting 2.10 W/m’
Equipment 5.74 W/m’
HVAC Heating/Cooling system Packaged Terminal

Air Condition (PTAC)

Table 3. System setpoint by control methods

HVAC setpoint PMV DBT

) setpoint | 0.0 22C
Heating

setback -1.1 15C

) setpoint | 0.0 26C
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Table 4. Clothing insulation by the clothing ensemble

clothing ensemble clo
short-sleeve short robe 0.34
summer short-sleeve pajamas (thin) 0.42
trousers, short-sleeve shirt 0.57
long-sleeve short wrap robe 0.48
winter long-sleeve pajamas (thick) 0.57
trousers, long-sleeve shirt 0.61
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Figure 2. Hourly schedule of the clothing insulation
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Figure 3. Hourly results of PMV
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Figure 4. PMV of a specific day according to control methods
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Table 5. PPD comparative analysis by each control methods

DBT control PMV control PMV control
PPD (fixed clo) (dynamic clo)
(%)

Average | Max | Average | Max | Average | Max
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