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ABSTRACT KEYWORD

Purpose: In building, the thermal imbalance of radiant heat, and uneven heat distribution of HVAC system  ZHEE-ZA A AH
impairs the indoor thermal comfort. These issues have more significant physiological impact on the human Lri;ji =28
conditions during the winter. This study aims to analyze the impact of using three Personalized Environmental '.?E:, f‘?l'l 3
Control System (PECS) on occupant thermal perception to improve indoor local thermal environment. Method:
Two classrooms in P University in Busan were selected to experiment with two different set-point temperatures ~ PECS
(i.e., 18°C, 22°C) to reflect actual operating conditions for energy conservation in winter. Local heating to  Local Thermal Environment
occupants was performed using three types of PECS (i.e., Neck band, Desk fan, and Foot heater). Thermal I{‘I}T:tlrrnnflsg(?rsr?go it
environment perception survey was conducted to participants to evaluate the impact of each PECS device on
thermal metrics (i.e., TSV, TCV, OTA). Result: TSV values with PECS showed the improvement of 27.8% at 18C A CCEPTANCE INFO
and 48.9% at 22°C compared to the baseline without PECS. At both indoor set-point temperatures (i.e., 18°C, 2 Received Jul. 31, 2024
2°C), the desk fan and foot heater showed a higher improvement effect than the neck band. The use of PECS  Final revision received Aug. 5, 2024
contributed to improving the overall thermal satisfaction of participants, which varied in effectiveness depending ~ /Accepted Aug.9, 2024
on the application area and capacity of PECS on the body. The findings of this study verified the effectiveness of
PECS heating on the improvement of occupants thermal perception in winter.
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Fig. 1. Schematic diagram of experiment process

Table 1. PECS participants information

N

Room A
(Temperature 18°C)

Room B
(Temperature 22°C)

Photo of
laboratory
experiment
Gender
Clo 0.6 0.7
Met .0
Number of 1 4 10 5
people
N 23 25 29 25.0
£° (SD£0.8) | (SD#3.1) | (SD£L1) | (SD+10.7)
T () 1784 168.5 177.0 164.8
& (SD=5.9) | (SD4.5) | (SD#6.0) | (SD+4.7)
‘ 76.8 577 743 56.2
Weight (ke) | <pig3) | (sD20.6) | (SD284) | (SD:8.6)




30min 10min 20min Smin 20min 5min 20min

Experiment
description

and
Movement

Advance
response
(Adaptation time)

Experiment 1
*Neck band

Experiment 2
+Desk fan

Experiment 3

= +Foot heater

Fig. 2. Schematic diagram of experiment process

Table 2. Measurement sensor information

Measuring
instruments

TR-71Ui TR-74Ui

Temperature,
illuminance, relative
humidity
Iluminance: 0 - 130klx
(& 5%)

UV: 0 - 30mW/ecm2 (+
5%)
Temperature: 0 - 55°C
(= 0.5°0)
Relative humidity: 10 -
95%RH (+ 5%RH)

Measuring
elements

Globe temperature, dry
bulb temperature

Built-in sensors: 10 -
60°C (+ 0.3°C)
Accessory sensors: 40 -
110°C (£ 0.3°C)
Optional sensors: 60 -
155°C (£ 0.3°C)

Measuring range

Measurement . .
. Imin Imin
interval

EA45t12F 5t PECS H?i7]7]
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2.2. PECS &#7]7] A7

Wiy 25A A7 AL Sl8] PECS W] 7] Al 3
A= Neck band, Desk fan, Foot heater & 3&572 FAI5}
o FAAQ1 7171 /%52 Table 3.7+ 2t}

¥} o

23. 24

PECS &4} 7]7] Ab-gofl & 3
ko] 2E7 149l gt o244 &
£ 2 AFA AHE T8 2487 B ER] TSV(Thermal
Sensation Vote), TCV(Thermal Comfort Vote), OTA(Overall
Thermal Acceptance)ol] thet AA Y& UepH, 2E$74 239
scale2 ASHRAE handbook fundamentals 20173 8§+

7 37t A=

gt

s

=dgAol Hgt dExARE AL
e}

2ol A B7FeHAT. Table 4.
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Table 3. PECS heating equipment performance

Neck band Desk fan Foot heater
Device photo w
l' N
Device name CPT66NH SEH-2000JA AB-992PH
Product size 179 x 178 x 55 230 x 220 x 100 x 520
(mm) 115
Rated voltage 5VI2A 220V/60Hz 220V/60Hz
Power
consumption 8 2000 165
(W)
Table 4. Thermal environment survey metric scales
Scale TSV TCV OTA
Very Clearly
+
3 Hot Comfortable Acceptable
+2 Warm Comfortable Acceptable
. Slightly Slightly
+
! Slightly Warm Comfortable Acceptable
0 Neutral Neutral -
. Slightly Slightly
1 Slightly Cool Uncomfortable Unacceptable
-2 Cool Uncomfortable Unacceptable
Very Cleraly
-3 Cold Uncomfortable Unacceptable

(Samar, 2021)8 #&arste] A5k EE TSV, TCVE 74 A =& A}
4351910 OTAE 64 H=E AMSFATH2, 13].
3. 2¢gs4

W 247}

3.1. Baseline: PECS ®]AI&-A]

PECS &gl oA AA-53te] EHP WA A-2% (18T, 227)
of 2 ke TEE o, AAES] 2 o AAFHE =
Atstgitt, o] & 7]& 9 2 PECS W &-8-4] TSV, TCV, OTA A&
2987 7iA ol & AU d AR 2= HwskGlh
PECS H|AHE Alo] thet A& SHZ2 3= Fig. 3.3+ 2t

1) TSV(Thermal Sensation Vote) without PECS

Fig. 3. A% A3, AW W A&7 18T A¢ Ald
(cool, =2)9] 22+0] 60.0%2 71 kT Folo] Z2(cold, -3)9]
S0l 33.3%% wWolkth Wt AR 22T A o Al 99t
(slightly cool, —1)¢] 60.0%, Al €%} (cool, =2)°] 26.7% =22 =

13
=]

Sron] % 7hx) v 43 emol A 18R BE ANE O A UF
2 L7 A2 AT 5 ok

2) TCV(Thermal Comfort Vote) without PECS

Fig. 3004 AW JdaF AHewrt 18T A% o EA
(slightly uncomfortable, —1)©] 46.7%, #2 (comfortable, +2)°]
20.0% =2 2 geol wotom Wi AL 22C 2 739 o1t 3
2 (slightly comfortable, +1)°] -§&°] 40.0%% 7} @& o=

ik
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o AYWAHLER FF B A (slightly uncomfortable, —1)3F A 48.9% A WA a7t Q1o Mutd o2 PECS WH| 7]
SEA 7 ° =S s AHE T AJAGH=2)0l A S A ERH-1) ~ T (+2) 22 2F7
o] WA= gieh. 5] 352 717] 5 Desk fano] & 7k2] AU A2

3) OTA(Overall Thermal Acceptance) without PECS

Fig. 3.0l A1 v 4227} 18Tl A ot o8 715
(slightly unacceptable, —1)1} &7t 8]-8 75 (slightly acceptable,
+1)9] 5501 7F BRI A W 4357 220 39 518
7Fs(acceptable, +2)stth= SEo| 7 Bolth. wehA OTAY &
ol A= PECS 1] ARGAlO| & & 74A] AUl AL e= BT 68
7

L Az

5 Folgta gtdrt

3.2. Alternatives: PECS W7]7] A& A

A dHPE AL (18°C, 227C)0 w2 PECS WH7]7] o]-&4]
=HA LA s aste| it B AT o2} 2t

1) TSV(Thermal Sensation Vote) with PECS
PECS Wiit7]7] Ab-gof w2 2d2Hg /fd a3-E TSV SH9

A 245t g tH(Table 5.). §82 %= PECS ' ARA] A7

E3m2E1E00-10-208-3

100%
90%
80%
70%
60%
50%

Percentage[%]

40%
30%
20%
10% 3

0%
sV TV O

Set point temperature 18°C

TV OTA
Set point temperature 22°C

Fig. 3. Occupant conditions for thermal enviroment (18T, 22T)

Table 5. TSV response rate before and after the use of PECS heating (%)

A0

Lo gL A RS BT oo ¥l Neck band 9] 7

o
PECS 177101 il £04) A 537} stato o] ol Kbl
U 3 Aol Hoh AA] WA 02 GFL FA 27 ol

AteEH.

2) TCV(Thermal Comfort Vote) with PECS

PECS &717] AFEA] A2 o] H4 AL E EA45H7] 9fof
TCVE H|1wst A3K(Table 5.), PECS Wi7]7] 24 A] AW A4
T8} 7)7]F Rl W AR a o] ztol7} glont AdtA o' A
A7k s FS Btk o] AW A2k 18T 9] %2
Desk fan AHE Al 2 (+2)3}th= $H0] 53.3%= Baseline tiH]
33.3% S7tell @3 Aztol gol MAEHUES & 4= Atk AL
22,187, 22°C HAEA 2= LA TCV 7§41l Desk fan
9] oJgkelo] 7P 7 21 Fo]o] Foot heater, Neck band &2 2 7]

A&7} e

3) OTA(Overall Thermal Acceptance) with PECS
PECS W8717] ARG Al A7) =72 2He7 Wt tiqt
84 (acceptance)= AT OTA 5B 2 3= PECS ©H7]
712 m|AERY Baseline¥t H] W sto] Table 5.9 41 &4 = it
A A PECS W 7171 ARGl wheg A 2ke] 717] -84
20 & 5§ 7Heotthe SEol 7MY Bol Huwgick Aul A
ez AREeS o A W dALE 18T 4 Desk
fan ARG Al WHSHA 518 7Hs(+3)7 51§ 7Hs(+2)o] A7

il

A

x
gl

ro r&

40.0%, °F7t 518 7Fs(+1)0] 20.0%= &% SHAA 7 =2
SHES 2%9™, Desk fang AHEo 2487 7HAA] 4875 ¢]
71 925t Ao g FolgQint Ay vHEA e 2279 AL
Foot heater AH& Al HHl5HA| 5]-§ 7F5(+3)0] 13.3%, 51§ 7t
(+2)3} K7 514 7He(+ 1) o] 242t 40.0%2 87 ¢] 7 430

TSV TCV OTA
Indoor temperature Indoor temperature Indoor temperature Indoor temperature Indoor temperature Indoor temperature
Scale 18°C 22°C 18°C 22°C 18°C 22°C
Base | Neck | Desk | Foot | Base | Neck | Desk | Foot | Base | Neck | Desk | Foot | Base | Neck | Desk | Foot | Base | Neck | Desk | Foot | Base | Neck | Desk | Foot
line | band | Fan (heater| line | band | Fan |heater| line | band | Fan |heater] line | band | Fan |heater| line | band | Fan |heater| line | band | Fan |heater
1%l | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | %] | %] | %] | [%] | [%] | [%] | [%] | [%]
n S| 15| 15|15 | 15| 15|15 15|15 | 15| 15| 15| 15| 15|15 |15 | 15| 15|15 | 15 |15 | 15| 15| 15
+3 0 0 0 0 0 |67]67| 0 0 0167 0 0 0 ]1671] 0 0 0 |40.0] O |20.0(133| 6.7 | 133
+2 | 0 | 67800200 0 | 6.7 [400| 6.7 [200| O |53.3]133|20.0|13.3|33.3|33.3]26.7|13.3|40.0|26.7]|46.7|33.3]40.0|40.0
+1 0 0 [20.0(333]| 6.7 [46.7]|26.7]60.0|13.3| 6.7 |20.0]26.7|40.0|33.3|26.7|13.3|33.3(20.0|20.0|46.7|13.3]26.7|46.7]|40.0
0 0167 0 0 | 67 (133200133 0 |133] O 0 |133]267| 6.7 |267]| - - - - - - - -
-1 |67 (533 0 |26.7|60.0|26.7| 6.7 |20.0(46.7|53.3|13.3|46.7|20.0|13.3|13.3|26.7|46.7|53.3|13.3|46.7|20.0|13.3|13.3|26.7
-2 160.0[133] 0 | 6.7 [267] 0 0 0 [133]267]|67 |67 |67]67|67]| 0 [133]|2.7]67 |67 /|67 ]67]|67]| 0
-3 1333(200] O |[133| O 0 0 0 [67] 0 0|67 0 |67]|67| 0 |67] 0 0|67 0 |67|67] 0
102 KIEAE Journal, Vol. 24, No. 4, Aug. 2024



2ol - 5oy - 2

o} oelH o2 e A e 18T 29 A9 Neck band AFE A] oF Table 6. Thermal environment improvement ranking (%)

H5g E75(-1)0] 46.7%= 7} =20 o|= W7 7] of 2|4 Indoor temperature 18°C | Indoor temperature 22°C
Z}o] B} AW HEsh= iAo g2 Qs Ayvlg wE ) Indicators | Rank | Neck | Desk | Foot | Neck | Desk | Foot
band fan heater | band fan heater

3.3, PECSS] cshA Axast (7ol (7ol (7ol (7] (7] (%]

n 15 15 15 15 15 15

A dea 2 18°C, 22°C 27194 EHP 323} PECS Ist 0 93.3 6.7 133 | 667 | 200
w7 7] agsted PECS W 24 A Al zte] e g8k A EE TSV |2nd | 67 67 | 866 | 200 | 333 | 467
B35t tHTable 6.). 3d | 933 | 0 67 | 667 | o0 | 333
AYex 18T ZA)Al EHP 22Ukt PECS Wik 7] wsl Ist | 67 | 8.6 | 67 | 200 | 67 | 733
o] W= PECS Wile] &9¥93H4 MAEE RE 2 H(TSV, TCV, TCV | 2nd | 133 6.7 80.0 333 60.0 6.7
OTA)lA] Desk fane] 1%, Foot heater7} 25=91, Neck band”} 3rd | 800 | 67 133 | 467 | 333 | 200
34001 AL sholstoln, Ay AAL L 22°C 0 A A0 TSV 2] 9 1st 86.6 6.7 6.7 333 26.7 40.0
A1'1) Desk fan, 2) Foot heater, 3) Neck band <=2 7§14 &7} OTA | 2nd | 200 67 733 1 2001 400 1 400
EA YesTh TCVeE OTAS] 7%, 1) Foot heater, 2) Desk fan, Srd | B3 | 67 | 200 | 467 | 33 | 200

3) Neck band =2 & 7§ =917 A Eb o™ of 23t a9l
A 0 2 Desk fan®] 22 deFo] 2.1 W 87} Yol 2R} Table 7. Preference response rate for thermal environment

2 4-90] 8317] Bolsl7] wlRole Azt T
23517 gol5}t7] WRo 2]},
= ° © Indoor temperature 18°C Indoor temperature 22°C

Base | Neck | Desk | Foot | Base | Neck | Desk | Foot

3.4. PECS %%7]1@-% '?’]6‘} '9‘—7_*]-—:% Scale line band Fan | heater | line band Fan | heater
227)7]9} Walla PECS AHE & 27129 £dstA Wt o (%] | (%] | [%] | [%] | [%] | [%] | [%] | [%l
5202 2A519Th PECS W7] 712 1] 4123t Baselines} 1] i n 15 15 15 15 15 15 15 15
+2 0 26.6 0 0 0 13.3 0 6.7

s

T
S|, S AT Table 7.7 2o} WHby] A2 o2 Ay Ao
) ; N N ¥ - +1 | 933 | 600 | 133 | 80.0 | 60.0 | 266 | 0 | 467

(18T, 22°C)ol A PECSE &85t 254 %‘%ﬁfﬂf@ Al wet A 0 | 67 | 67 | 800 | 133 | 333 | 266 | 667 | 266
@I PECS 71715 28 =i I Zidel= E:’LO} 1l o | 67| 67| 67| 67 | 266|207 | 200
I AGRARE A F7HQ e s AVIsHE L 5 o 0 0 0 o ler |67 | o
Q5L ZE o 2 o7t o] s Al (+ 1D E I E gl 7]7] T SN O MBI +1: Q7 Of UFESIAH| o Bl 2Ta

M2 A LS T Desk fan AHE A] 27} (ﬂ—&%ﬂi& P 11 ORZE T AISHH 2 BN O ASSHA

Neck band+Desk fan
F7F E—] U}E—o}}ﬂ +1)9] —‘gl} =7} w@ero ONeck band+Foot heater

o 71719 FL e 2 9% B uRolet AR S eck bansDesk fan oot hester
e
S
3.5. PECS W7]7] &8 744t ‘g 18c |1
2271719 PECS W717]9] Wall £20 A] PECS 717]°] 44 5
ATE 915 oL BAsHATHFig, 4). A AHLE 18T, 5
227C BFo) A SEAEL Desk fant} Foot heater?] A &-g0] 3 22c °
7P antA Y Holghe §HE ot o, olnf $HE-2 93.3%2}
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