Ho
; TH
i

0N
ok
=
Lo
4> B0

25334

1t
':

gyyun@khu,ac kr

24 tistduIEete

AL 2 Fojs)

A A 22 9 AU 220 FANE
MBI, A % ALg} D5 oA
ol o] A4t} g,

A A el AL Age] 71 718 Fisolt). 7}
A Qo 715 M2 Fo] el BlEFI20] A o] whed, 2

S22 7o) 7150 we} Fle] AABAE 23 o|gate] et &
Be PEo o] e A7)

& TEGO A A7} D8] AHg ol

5 AR Elojol SeHIR 1), 14 8 o] Folk= AR Aot A
chFsE 7] APu] A2e o] ARgE17] A0 P ofof ek AhE Ao}
o} A% T oUAS A5 TS| A Fadt 227} H3ict

PO TR S0, 11 Y2258 (American Society of
Heating, Refrigerating and Air-Conditioning Engineers)2] 712191
ASHVE(American Society of heating and Ventilation Engineers)®]] 2|3}¢]
FEE9ch 1920 % 1|=-¢] Houghtond} Yagloglou™ & ASHVES] £-
o5 o} 13072 o2 8 Y AnE o fELre) Q8




Architecture

(2% 1] HESH|RAY 252

A= #4153, Houghton?} Yagloglou7} #|
Al A3 A= B4Rk 50% o) de]
Aalttal =7 el = A<= It} Houghton}
Yagloglou7} AQFgh 2 2 ths= ASHRAE®] o]s}o] A
g xlo] 1961A7HA] HAgk G| 202 A}
SHSAct. o] %, ASHRAES] AF AL Ak 1
eto = o=l o, A Al et 7= 2
A2~ F- k2] Rohlese} Nevinsel] &J&}e] 74 b
AL} 53] WAps FHUe d7ee, Jat
80077} o7} 8007E-S tdo 2 gk Hhigh TS
APzt on, 1A o] A7} 16,7~36.6CeH=
IS Ao 2 Skt =gk s ¥
st digt Y7k =Tt o] wste] digh vizte B
o} 7~o8) A EoHE ARE e dciad 2).”
dlut=3 Fofeb Ak FHUEe] Fangere &
Ao oz, AT AHE I3 7t
2 A B elE 713 A, Thermal Com-
fort" & 1970\del] W7HaFSIOP, of 2 s o
7o) 7P Fagh gH o= Prpkar 9lrt, Fanger
= g7 717 FEzA 0= Q1A Wk} <)
A7t 9] AP 2HE] EAE= deFo| FUSH
A G5 3, 2R & Bhlgd) gy
ot ] HH2A = 28 R B
7ol gl el E AABH M, o] ASHRAES] A
e 7153, 150 773000 A =) A| =k, Fanger
of FHA 211 F 7P AAARI A9 T &

T

Y

Rohles et al.
,,,,,,,,,,,, Koch et al,

5 — Slightly
4 — Comfortable warm

[O8 2] 37Ieze &=t BN DjRle g 247

L oA o] wrdx} olA7} 9 SAo = WY
© do] FYgt JelE UERIH, Fanger= o] gt
NaES R eg Ao e =4S d5shs
PMV(Predicted Mean Vote) 2-& 7i4ta}ct,

o &gko] ALl A HAEe] =)= HA7E
I} 2= AR Bsldlnt. o] o] ASHRAEOA]
= PMVEEe] A8A4E Fletr] gk HATA
£ Aldatalon, o1 dv) dH A
3k 2100071 9] ASAEE A E
18] WlolE FEagich o S5 vlshs)
L5 HEA t)8e] Humphreys?} Nicol G+
g7 PMV Relo] 2124 ASHRAE Hlo]EfHo]
o) thgh SATAM S Fote] AFetalon], 1 4
I PMVE] o] 3k A S oM e
7HAAL Lot SAE BlolubaA 1 et &
23] ST e APSE ElskrHaE ).
58}, ASHRAE®] 7 A& A5 730 Brager
¢} de Dears= PMV A3}e] 927} 2hoffa) Sg
146 ofeig, PMV ol24l0] B0 o 4 @
7% e 719, QaAs] Bel o]l

AH|XY M 443 20154 8H T 25



3 3
2 (a) 2
g f 1
a3
=
<
50 7.{ 4
T
S I
5*1 1 - ® xelds
T
24 -2 O Il
T
-3 -3 O =ady
N -3 Ed 295 7857 5% 1955 %
-300 200  -100  —00 1.00 2,00 3.00
PMV 0|23t HEE 24
[23 3] PMV 0IZ3tat M| Maxte| Mol xt0]

Fanger®] g#Z] o] ¢ th-g-== 2874 &
22 19608t & %=1 BRES] Humphreyse} Nicol ¢4
0] A12%} o], %33+ Cambridge th8te] Baker
9} Steemers 7= UC Berkeley t&}2] Brager 3¢
Macquarie th8}] de Dear ‘50| 21 o] &2 A Ha}3]
o}, A A 9 A7 QRbo] BEdh= A &
7g°ll gt A ZARE 7IREe = gtk dellA 9
19} 2zl Aol olFolAl FEHS) o)
o sk ok S48 AU, AAREo] Fojzl
@2 A BE o s P A
4210 RBY AolE B9 2874 42 o)

v, 531,
%3 287 e geln 270 et Agsl
Ao) e, Al 2h71e) 1 Feint 1 3
c¥E AR 37t tid 9 Vel %
Qg 9ol (aR 4.

oo
i)
iy
ol
i)
2
>
o
e
2
a
flo
L

4 34 o) 2o W2 AAAES AN
7 N5 s Sletel 1o BB
9S B3 TIE HSYFS S Hv, olefd

} Behavioural and technological adjustments |—>

Climate-cultural
practices and norms

Thermal
expectation

Thermal preference

Satisfaction

Thermal affect

Environmental
adjustments

Past thermal
environments

‘ Physiological thermoregulation |

T ‘

*

| Present heat/cold loads on body |

(38 4] S 2ol ofFt ALied #of

26 tigtaHlEsts



Discomfort

Thermal stimulus

i
Comfort
Zone E‘ 04
el

30

28

26

244

22

Comfort indoor temperature(C)

20

o
ne

>~
>
e
or
4|t
ojr
ilo

o

3
)
Y
Nt
O
S
O
%
=2

i

= rlo rr
Yy
%\

S 5)
A gt 4] s ofed 2
A& AR gelE vl iti(aE! 6). Robinson
o] A& otol w2 SH o A A} $A|

& A 2 o) ARt 240e
H P A, A, W5 A B
gj} Zheheke AL BElc) 53], BE
& B AMgBhe B AR e oF 3T

% ol X R o 2 et

+L£LI>LO¥

X 2tE Jo] 22

AdAre] Afgg oo A4 LA A
o] gl ofo we} Ajdate] SR AR

ﬁ r’o ol
0
rlr
0%",
Ho
il
Ho
mtf.
QL
=

o> ol & 4 o
[
b
Ir
ne

o r_ﬂ
e
)
2
7
o,

p o Mo o o

(
==
x

ot

w3k, A alape) g
gl mAE
8] X ol Ql—é—%
Az 7 ge A

A A7) %@A]é@ g mdF B 9lg

A 2E o] AJRo] AZE-9]
B B A3 AT B

, 78 Bl ekl Q17kelU ]
Z=9] YA AlEHo] o

&

%lq_.lkli)

0.8 1

0.6

0.4+

—— Office 1
—=~—~ Office 2
----- Office 3
—-— Office 4
—--— Office 5
- —— Office Total

0.2 4

Probability of opening a closed window

0.0 4

T T T T T
15 20 25 30 35 40
Indoor temperature('C)

(O3 7] 4 220 HE FE AME &E

MM A 442 20154 8T 27



Xt 28 Mojet =2 oiLx] s

A& Y Faje} ouA| Aes 2t

529 dlUA| AlEHo)4e AFEH
of Wb o2 <lsted 19600ty o] H|eFA o =
ZAsHA = o, ARgAke] A E S5k Helst <l
B o] 7iEE AR Z7FsHA =Lk, 53,
UA] Al B oS THH o2 AMEFho 24 71
S5 27 HlETS AT AL, AYEHA
o] A& sk, 2datdiore] Al7|E7lel
% A 71648 &= Qlr, o]of whef, 7EE-<] oy
A A B o] e T3] 7182] AA dAlolA A
Eof AA 9 bl Al 2=dlof| M2 oufA] 287
< o &3k A o et AEe] 43 o] Felx A
al Aol Wik Al gl o] ool 28551
Ak,

2o} 22 oy A] AlEdo]Ae] Aol Bt
sl 50| A7 @AM o] AlEYolAe] &
82 oA AlgHA]] Ao| ARdoltt, o]ggt o A]
AlEYold Zr el Agta el ARg-2] 71 )
FAQ UL uk2 AA| 71E9] oyA| A8k
Aol ATete] st ato|7} At Al
Eejo|d Aol 2l8)/do] HEaih= oot

A5 ARAAEL 7159 2244 2 3],
z9 9 F8 Alzg o] AA ALe-S A5 F
™, A&-2] AlEgolA @AM 7P A A

o AR T w2 Afo]& YERA " o]
gk A AR} P o] B A= AlEd ol
A Ate] Al el JaFE A= 7P T8s
2ot}

29 5] oA ok F7 @A S o s
g A7 s B AlEdold Aiel AA A
EollUA AR 2 HAE Ho| L S-S &
JTHAE 8). 531, F ollLiA| 9] H9= AlEd
o] Ao} n|usto] Hof 3uj o] AE R L
%E]',lé)

19909 Z MIT G731 AlEglo)d Aate} A
Al AEe] A ARG Adtol| thek AIE 4
AABHATHO™ 9). 77 F4 oA] 34
Z2 I DOE-2F oUA| Hoky &9 A7
Aol A3t or, e 23§ A oA
AMgFT A DA oA o] DOE-2 Z2239] of
YA AR vlustlet, 1 A A s o
ZF JA] AREEES 325 kiWh/m'E Al Edlo]d 2
Q1 125 kWh/m'®] 7 ¥l & 3]sl 2102 e}
sttt 53], 7 ARGARE, W A 2E] o] ARG
ARE B A 2, 2 Y 7)719) AME T 22
A dAfe] SR 28] ARg-o] AlEd o] 3} AA
oAUIA] AREF ©2F2] oF 60% o)< AT 4= 9l

= Ao e

Increment as percentage

Calibration steps of total increment

(kWh/m) (%)
Cw ]
E
]
Li 53

Consumption
h)

c 8
_
-

a2 3562
L asso—|||[| }-at10.
3507
L L 2900
‘7%904 VZ 1765 1074 2231
1386 700! é
4

2000 — 720 —
2500 U (S 9001500
0 5 =4 1770 1201 —— 1288 Figo0
T T T T
2 3 5 Designed
values
’ B Space heating B Fans [A Domestic hot water [ Housedhold appliances

(22 8] oldX| A2 0l Zutet 571 7H72] oflLfx| AlgE

28 Hittaslgsts

Computer center 44

Kitchen 19

Subtotal 17 64

[3Z 9] OlHX] AlZZ0Id Zufet 23 = U= oUX| A8



S

Jor
p—{

2
Tz ARgAke] &7 Aol A2 Aed
2738t Sl 5= odA| 2nlE 2%
= T8 ot} Falore A dAe
A7} 15 S| E o] ARl Ttk dA|
E, A dApe] SgAR] ARG o] o
il ol = olluA] AlEelolde] geHd &
HE 93 SN2 Rd™e Taids Elst
k. ko= A Arpe] HAE FIATIE Sl
A5z oUA dse FANE e vk
SN2 Alo] 7] ok s 7disl .

¢

ol e
o P o 48 ob glo

L)

1}
rok

i)

—_

Houghton, F.C, and Yagloglou, C.P., 1923, Deter-
mning equal comfort lines, Journal of ASHVE,
Vol, 29, pp. 165-176,

2. Nevins, R .G., 1971, Thermal comfort and draughts,
Journal de Physilologie, Vol, 13, pp. 356-358.

3. Nevins, R.G, etal,, 1966, A temperature humidity
chart for thermal comfort of seated persons,
ASHRAE Transactions, Vol, 72, No, 1, pp. 283~
291,

4, Fanger, P.O., 1970, Thermal Comfort, Copen-
hagen : Danish Technical Press,

5. Humphreys, M.A. and Nicol, J.F., 2002, The
validity of ISO-PMYV for predicting comfort votes
in every—day thermal environments, Energy and
Buildings, Vol. 34, pp. 667-684.

6. Heidari, S, and Sharples; S., 2002, A comparative
analysis of short-term and long-term thermal
comfort surveys in Iran, Energy and Buildings,
Vol, 34, pp. 007-614,

7. Hwang, R.L. and Chen, C.P,, 2010, Field study

on behaviors and adaptation of elderly people
and their thermal comfort requirements in
residential environments, Indoor Air, Vol. 20,
pp. 235-245,

8. de Dear, R J. and Brager, G.S,, 1998, Developing
an adaptive model of thermal comfort and
preference, ASHRAE Transactions, Vol. 104, pp.
145-167.

9. McCartney, K. and Nicol, F., 2002, Developing
an adaptive control algorithm for Europe,
Energy and Buildings, Vol, 34, pp. 623-635,

10, Haldi, F, and Robinson, D., 2009, On the be-
haviour and adaptation of office occupants, Build-
ing and Environment, Vol, 44, pp, 2378-2395,

11.Yun, G.Y., Kong, HJ., and Kim, J.T., 2011, A
field survey of occupant and air-conditioner use
patterns in open plan offices, Indoor and Built
Environment, Vol, 20, pp. 137-147.

12, Yun, G.Y, and Steemers, K., 2010, Night-time
naturally ventilated offices : statistical simulations
of window-use patterns from field monitoring,
Solar Energy, Vol. 84, pp. 1216-1231.

13.Yun, G.Y. and Steemers, K., 2008, Time-de-
pendent occupant behaviour models of window
control in summer, Building and Environment,
Vol, 43, pp. 1471-1482,

14.Yun, G.Y., Steemers, K., and Baker, N,, 2008,
Natural ventilation in practice : Building design,
occupant behaviour and thermal performance,
Building Research & Information, Vol, 36, pp.
608-624.47. Bae, C, and Chun, C,, 2009, Research
on seasonal indoor thermal environment and
residents” control behavior of cooling and heating
systems in Korea, Vol, 44, pp. 2300-2307.

15.Yun, G.Y., Kong, H.J., and Kim, J.T., 2012, The

MH|xY ® 443 20151 8€T 29



effect of seasons and prevailing environments simulation, Building Services Engineering Re-
on adaptive comfort temperatures in open plan search and Technology, Vol, 28, pp. 223-2306,
offices, Indoor and Building Environment, Vol, 17, Norford, LK, et al., 1994, Two-to-one discre-

21,No. 10, pp. 41-47. pancy between measured and predicted perfor-
10. Karson, F. et al., 2007, Measured and predicted mance of a low-energy office building : insights
energy demand of a low energy building : im- from a reconciliation based on the DOE-2 model,

portant aspects when using building energy Energy and Buildings, Vol, 21, pp. 121-131.&)

30 cHetaElEsts





