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ABSTRACT

KEYWORD

Purpose: Solar radiation during the winter daytime can cause horizontal stratification of indoor temperatures in
perimeter spaces. Window-side spaces in perimeter spaces often experience high temperatures of 30 degrees or
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more in winter, and the horizontal radiant temperature imbalance from solar radiation forms simultaneous cooling a5

and heating loads in the perimeter spaces. As a result, the thermal comfort difference between window-side and  AlLystZ#|0f
hallway-side occupants increases within the same space. Method: Short-term monitoring of indoor temperature on

clear days was conducted in a university classroom in Busan during winter. Considering the operating conditions of ~ Local Thermal Environment

the HVAC system in winter, local temperature differences and unmet load hours in the indoor space were

Perimeter Space
Heating Season

investigated under 1) no heating and ventilation, 2) heating only, and 3) heating and ventilation operating  Cooling Load
conditions, and the thermal comfort and dissatisfaction of the occupants were evaluated. Result: The results of the  Indoor Environmental Control
study showed that the window-side space would experience high cooling loads in winter, and the duration may vary

depending on the orientation and the window designs. Therefore, it should consider HVAC system design and
operation to respond to the simultaneous heating and cooling demands in the same perimeter spaces in winter.
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Fig. 1. Experiments setting for a target classroom

Table 1. Experiments setting for a target classroom

Description Note

T&D TR-74Ui
(Temp 0~55°C+0.3°C,
RH 10~90%+5%,

sza?ﬁes — sl UV 0~30mW/cm’+5%,
Y g : 260~400 nm)
- : Testo 417
| (0-20m/st1.5%)
i?:; 72m’ (12m X 6m X 2.6m) apx. 50 occupants

1.5m X 1. X 6
Window m X 1.7m X Gea WWR 49%
(clear glass 6mm x 2 layers)

HVAC EHP 2ea, ERV 2ea set-point temperature
System (Operation: 9:00-18:00) 22°C
3. 4134
31 AgH 2987 4874
£ 7 YTEL SR 7l HAIT 00052 2
A2 FEgel Wal 9o fFRE 72m’RE oF 509 9] M) FA]

of —ruol 7Hsdt Frolth(Table 1.). FAAL 15.3m? H4 Y
EHP7} 24, A3]4= @714 %] (ERV)7} 2t A 2] 5o glc}. EHPC)
W3k ERV 8H7]%& WAIZH09:00~18:00)5<t 7HssHAcHEY
off). A4 EArGe] o3 74 LS HUEF57] SI5)
A7 RE 7|9t 2 2023 029 22¢~249 ghe de 2451y
A2 7oA 95 917] BUEF AlA 1ok 7o) Au 914
248 BUEFE 8 A4 o7t A RS 7E o R 47
9101 (Fig. 1.), T&DA2] TR-74Ui, Testo 417-& AH-&5}a] AU
LHEE} AYLES SHotgth BUE 142 1% 99
e lom dir] 248 20§ defste] HVACAAE &

=

, T2 S A A off (23/2/24)
1 on @ S71A| 28 off (23/2/22)
1 on @ 2H71A]2H on (23/2/23)
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Fig. 2. Outdoor and indoor air temperatures(2/22-24)
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Fig. 3. UV solar under natural condition (2/24)
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Table 2. 24-hour indoor temperature under natural conditions (°C)

SP# | SP# | SP# | SP# | SP# | SP# | SP# | SP# | SP# | SP#
01 02 03 04 05 06 07 | 08 09 10
n 1,440

Max | 27.7 | 19.5 | 18.4 | 285 | 20.4 | 18.8 | 33.2 | 20.4 | 19.0 | 22.0
75% | 16.5 | 16.5 | 159 | 16.7 | 16.7 | 162 | 17.7 | 16.8 | 16.7 | 13.1
Avg | 16.0 | 154 | 15.0 | 16.0 | 156 | 153 | 173 | 15.8 | 158 | 11.6
25% | 137|141 | 14 | 139|142 | 142 | 144 | 145 | 148 | 94
Min | 12.0 | 124 | 125 | 122 | 12.6 | 12.7 | 12.6 | 128 | 133 | 7.2
SD.|29 | 11 | 08 |26 |13 |09 |43 | 12| 08 | 26
(Unit: °C)
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Fig. 4. Peak hour indoor temperature distribution under natural condition
(2/24, 2:33pm)

Table 3. 24-hour indoor temperature with heating only

SP# | SP# | SP# | SP# | SP# | SP# | SP# | SP#
01 | 02 | 03 | 04 | 05 | 06 | 07 | 08

n 1,440
Max | 389 1299 | 29 | 426|309 |283
75% | 25.8 | 254 | 24.6 | 26.5 | 25.8 | 244
Avg | 193 | 18.7 | 182 | 19.5 | 189 | 182
25% | 113 | 1.7 | 11.7 | 114 | 11.8 | 11.9
Min | 10.5 | 10.8 | 10.9 | 10.7 11.1
SD.| 84 | 66 | 62 | 84 6.0

(Unit:°C)
SP# | SP#
09 10

43.4
27.5
20.6
11.7

30.2
25.6
18.8
11.9
11.2
6.6

283
24.8
18.7
12.5
11.7
59

215
12.3
10.3
6.8
5.9

6.8 9.4

(Unit: *C)
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Fig. 5. Peak hour indoor temperature distribution with heating
at a peak hour (2/22, 1:22pm)

only

Hhof AuiE o= a5 g2 5] Zashs 2(SP#05 0.02 — SP#06
0.000.2 BHelslo] efpRALe 5ol AL EREe] GFS T

85



2) Case 2: YZZ(1), U on @ VA AH off

Case 22 922 (2¥22%) AW F A2 & 22°CE FAIst1L
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Slsttt. =423 5
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St 5 mIAAIZEE 1:22pmE FRIE Lo w W 75 A AU
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J.olm AlA ZRAEH 2&atol= Hdf 15.5°CE H7HsAl, &
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Hegt AUREE FAote Aom AT EoH 2™ UV
I Ry }% A (SP#01, 04, 07)ell A o EAFE-2 0.33~
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(SPHO7HA] 5ot A2 SIE At (Fig. 6.). T AATE AlA|
EIEWH 2L 2t= Hof 14.9°CE AW HAHLE7}27.9°CE 7=
stgich BjFEAtd B W UVEel A¢ WA g
0.32~0.46mW/cm’7} 37+ A (SP#01, 04, 07)Febda A
9] 79 UVate] Aol T w 2] ket FAFSHA 5o 911et
oF 3m o] FZFE thE-E 30°C o]4F<] a.20] Yreh} W 2 317
e Al gt A2 g Aok Aoz EAE

_|>~1

al
o

A&d

TN

rlo

Table 4. 24-hour indoor temperature with heating and ERV (Unit.’C)

SP# | SP# | SP# | SP# | SP# | SP# | SP# | SP# | SP# | SP#
01 | 02 | 03 | 04 | 05 | 06 | O7 | 08 | 09 | 10
n 1,440

Max | 382 | 29.6 | 28.5 | 422 | 30.2 | 27.7 | 42.6 | 29.9 | 28.4 | 244
75% | 27.4 | 26.9 | 26.1 | 26.6 | 26.7 | 25.8 | 27.8 | 26.7 | 26.4 | 149
Avg | 21.3 | 20.6 | 20.0 | 21.1 | 20.5 | 20.0 | 22.1 | 20.6 | 20.6 | 13.4
25% | 145 | 148 | 14.7 | 145 | 149 | 149 | 149 | 151 | 15.5 | 10.0
Min | 13.5 | 13.8 | 13.8 | 13.5 | 13.9 | 13.9 | 13.9 | 14.1 | 145 | 9.1
SD.| 76 | 57 | 53 | 73 | 56 | 50 | 83 | 55 | 50 | 42
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4 HIANTHE 71F2 2 E4519.2H, CBE Thermal Comfort
Tool& o]-g3}e] Wity 7o)l AlA 928 PMV-PPDE of =3}
Aot A A AE A AL 2ol (clo)2 1.0, E5F-2 MET 1
< JHAstgon, Ay )EEEs 0.01m/s2 AAstdct A

Case™ AW Aol w2 e el Avk theat 2ok

1) Case 1: AH4zA, 4 9 5;}7]/\11\_"3 off

o 3AIZH2/24, 2:33pm) 2] &
PMVZEE B -04, HY= -
22.2%, ¥= 5.2~42.1%o1<zin}. ASHRAE Standard 55—2020

JollA “PPD < 10”. “~0.5 (PMV (0.5"E 7]& 02 A& 9
gt x70 2 WS AN Q& & W, A2E Lol F1helA
UALE T WEe gt A7l A PMVARRZE o) 2.52

0]
o =

19
17
15

jE =2
Ao AR that AAE ol 2 Ao BerHn £
St S A BEZ2 slightly cool& H71E-2 neutral~slightly
s L7 9] A P, Ixso2 P2
Z 57} 37| BAste] 2R A0l Wbl 2= Q 71 EA]of B A
Ei o Z=EcH(Table 5.).
(Unit: °C)
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Fig. 6. Peak hour indoor temperature distribution with heating and
ERV at a peak hour (2/23, 2:02pm)

Table 5. Predicted thermal comfort under natural conditions

Sensor | Tdb (°C) | RH (%) | MRT(C) | PMV PPD
SP#01 24.4 20.0 252 0.2 6.0
SPH#02 19.4 28.0 21.8 0.9 212
SP#03 183 30.0 202 12 36.2
SP#04 234 22.0 253 0.1 52
SPH05 204 26.0 21.8 0.7 163
SPH06 18.6 30.0 202 12 33.8
SP#07 33.1 12.0 26.5 1.3 0.1
SP#08 203 25.0 23.1 0.6 12.7
SP#09 18.8 28.0 215 1.0 264
Max 33.1 30.0 26.5 1.3 0.1
Avg. 21.9 24.6 228 0.4 22
Min 18.3 12.0 202 12 52
S.D. 45 55 22 0.8 12.6




oy
1]

2) Case 2: & =74(1), &% on & 7|AAH off

ALHE 2% WA AE 75 A] 1 2 A17H2/22, 1:22pm) o] &8
22 AA ZJAEE PMVE Baf 2.2, EXHYE= 1.5~3.09.0H,
PMVZA}7F 2|t 1.52 PPD+= Ht 77.8%, © 9+ 52.2~100.0%
o] 31tH(Table 6.).

7] 7 Al Ao At B o) i)y
SuE gol AL E AAstE 2971 HH 2
Atgo] f A=A AUt §435] 45t AR HolH o]

Zlo] PMVet PPDgr] 432 & ZCo® wadHth HEE
slightly warm= 7152 hot& L7 F1to] s, AW A
Hhz o 2 wbe] tigt o 7h A 4= Qlek

3) Case 3: Y=7(2),
WX A" 9 ERV 87132] 7FEA] 1] 2 A17H2/23, 2:02pm)
B4}, A AlA ZJAE™H PMVE2 B 2.0, ¥4 1.3~3.0,
PMVZAA= H 1.72 PPDE= B4t 71.0%, B2 9= 39.1~

71X 2~H on

W on ¥

100.0%= 2=t BEEZ2 slightly warme Z71&52 hot
L7 g9o] A7H, Ay Auto A @k =97} dA it dr
2 ERV AHEA] 87] 2 Qlof) 45 diAlo] TAYste] ot 3hr|&Fo]

Table 6. Predicted thermal comfort with heating only

Sensor Tdb (°C) | RH (%) | MRT(C) | PMV PPD
SP#01 383 13.0 37.0 3.0 99.9
SP#02 29.9 20.0 32.8 2.0 753
SP#03 28.9 22.0 30.9 1.6 56.0
SP#04 35.8 15.0 372 3.0 99.7
SP#05 30.8 19.0 33.0 2.1 81.2
SP#06 28.2 22.0 31.1 1.5 522
SP#07 432 10.0 37.6 3.0 100.0
SP#08 30.0 20.0 335 2.1 80.0
SP#09 28.2 22.0 315 1.6 55.6
Max 43.2 22.0 37.6 3.0 100.0
Avg. 32.6 18.1 33.8 22 77.8
Min 28.2 10.0 30.9 1.5 522
S.D. 5.0 4.1 2.6 0.6 18.6
Table 7. Predicted thermal comfort with heating and ERV
Sensor Tdb (°C) | RH (%) | MRT(C) PMV PPD
SP#01 37.0 10.0 36.0 3.0 99.5
SP#02 294 14.0 324 1.8 66.1
SP#03 283 15.0 30.6 1.4 45.4
SP#04 33.6 11.0 35.7 2.7 96.9
SP#05 29.9 13.0 32.0 1.8 66.2
SP#06 27.7 16.0 30.2 1.3 39.1
SP#07 42.6 7.0 36.9 3.0 100.0
SP#08 29.8 13.0 332 1.9 73.8
SP#09 284 14.0 314 1.5 51.6
Max 42.6 16.0 36.9 3.0 100.0
Avg. 319 12.6 33.1 2.0 71.0
Min 27.7 7.0 30.2 1.3 39.1
S.D. 4.7 2.6 2.3 0.6 222
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k= AlZEE oJu]stH, &0 A Sht o] 4Fo] Eofl A B §2
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o] ALd W1 22°C 9 054 | A E7 Y2 =2l 28°C,
71 9] 30°CE AFEo3ltt. o & ol ool A Ad
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EAN ALE A 222l 22°CE 7|F 2= Case 1:2H4

ZZ(no heatmg and ventilation) ol Al %75 9121 (SP#01, 04, 07)
| A= S5HF oF 3A17F 2] 2] unmet load hour”} HAatitt, E5]

1} o ,]OH RS 7178 wol Bhe SP#072] 7% ZHH ol A 5}

F 1A1ZE 3025<t 30°C o4& 715514t} Case 2! heating only
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Table 8. Unmet hours during monitored heating season (unit: hour)

SP# | SP# | SP# | SP# | SP# | SP# | SP# | SP# | SP#
01 02 03 04 05 06 07 08 09
Case 1: Natural Condition
>22°C | 30 | 00 | 00 | 3.1 | 00 | 0.0 | 33 | 0.0 | 0.0
>28°C | 00 | 0.0 | 00 | 0.0 | 00 | 00 | 1.7 | 0.0 | 0.0
>30°C | 00 | 00 | 00 | 00 | 00 | 00 | 1.5 | 0.0 | 0.0
Case 2: Heating Only Condition
>22°C | 90 | 92 | 85 | 94 | 94 | 88 | 97 | 93 | 9.1
>28°C | 29 | 1.7 | 07 | 3.6 | 22 | 05 | 49 | 1.7 | 04
>30°C | 26 | 0.0 | 00 | 22 | 08 | 0.0 | 2.7 | 02 | 0.0
Case 3: Heating and ERV Operations
>22°C | 95 | 97 | 94 | 96 | 97 | 93 | 98 | 9.7 | 99
>28°C | 51 | 28 | 03 | 3.6 | 28 | 00 | 56 | 27 | 03
>30°C | 31 | 00 | 00 | 3.1 | 0.1 | 0.0 | 33 | 00 | 0.0
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Table 9. Required performance for personal comfort systems

Type

Footwarmer

Requirement Ref.

Capable of adding 6 W to the body
Capable of adding 14 W to the body

Capable of providing air movement at
the occupant’s head / face / upper body
within range from 0.36 to 0.8 mv/s
(70.9 to 157.5 fpm)

Capable of extracting 20 W from the
target body

Heating -
Heated chair

Desk fan for
head/face/
upper body

[11]
Cooling

Cooled chair

Table 10. Local thermal control systems for perimeter zones

Control measures

Central Heat
or local reflection

Type Sensible

heat

ref.

Operable external shading
(w/ solar PV)
Concentrating

light louver

Local X (6] [12]

Passive

Local X (6]

[13]

Central/

Radiant heating/cooling Local

[14]

Active - -
Personal heating/cooling

K Local
devices

(6]

Central/
Local

HVAC system sensor

Control . s
point optimization

[15]
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