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of A AALe] ol g W 52 dEARE A% EHzE il He
b, o]#3 B34 d4-e ‘downdraft’ i ‘draft’ o2 Ega vl 19
U draftebe &l iAo EEEHE A7EE 75l g =74 He
EHAS guspre stRE 2 ATeA EAetaa sk FAI<
‘downdraft’' = &4 4 = @ dist H&st AA 7 s
T ¢4 downdraftgl FJWE 4
= om, ‘draft’ & A A== A4 B
= AN stz skelth 71E9] Fdoly Aol A Ystal 2l downdraft
of drafté] oJuE ZAReIow, A Ao = &ojet AAl= oju|st= T
ol tial] Z=AFgh A} oh <32 2.1>% Zo] ZEdd = AU
Downdraftell 3] o+F31 = I =d 2 7]E A4 downdrafts
A A= S 2% ‘downdraft’, ‘draft’, ‘cold draft’, ‘downdraught’, ‘down
draught’ 5 2= Tg §o7F AA&H = 2SS & o AT olgg &ol=

S T3 TEAoE AAEL = BE EAMEY downdraft A7k

4 E W (cold surfaces, glazed surfaces in winter)'o] ]3] 2Ask 27}

& 7](cold stream of air)’e] ‘AANF 4 EE(cold natural

Mo

convective flows, cold air draining off the window surface)’©l] 23l A3

=
St Ao® MES AEE 4 Ut ol9F v draftE A A= fol=2
+= ‘draught’, ‘draft’, ‘cold draft’ 5°] JSS & 5 g om o]z3 Lo &

S B AAEL A AHYE EASEYE drafte ‘F719 e (air
movement) ¥ ‘F7]9] &%=(air temperature)’ = A3l ‘YA > Fo FF
Aol Wzt == wE=dH(Unwanted local cooling of the body, An unwanted
local cooling of the human body, localized feeling of coolness or

warmth of any portion of the body)’e] ZAsl= AL on| sk},

-";rxﬂ-! _k::l 1



<E 2.1> Downdrafte] 2|

=X 2= =z g g 0 AlA IR
unwanted local cooling of the bod
ISO 7730 rvan & coolne Y| Draught Draft
caused by air movement
ASHRAE unwanted local cooling of the body
. Draft Draft
Standard 55P3) caused by air movement
P. O F 4) A ted local li f th
anger n unwanted loca coo'mg of the Draught Draft
(1988) human body caused by air movement
Any localized feeling of coolness or
Koestel and .
_ warmth of any portion of the body
Tuved(1955), . )
. caused by both air movement and air Draft Draft
Reinmann et ; ; h humidit J
Al (1959) emperature, wi umidity an

radiation considered constant
Heiselberg? |the problem caused by the cold natural| Draught,

D draft
(1994) convective flows from cold surfaces |Downdraught owndra
. the problem caused by cold natural
Heiselberged .
(1995) convective flows along the glazed Downdraft | Downdraft

surfaces in winter
Peter Lyons? | discomfort risk resulting from cold air

D draft | D draft
(2000) draining off the window surface owndra owndra

The cold stream of air created by the

U Larssonl®

(2002) temperature between the room air and |Downdraught| Downdraft

the surface of the window
During the winter period the natural

Miroslaw - | o
Zukowskill) convection How along a cold window Draught | Downdraft
(2007) surface can be the cause of thermal

discomfort

2) ISO 7730: 2005(E), p. 2.

3) ASHRAE Standard 55P, p. 16.

4) P. O. Fanger. “Air turbulence and sensation of draught”. Energy and Buildings, vol. 12,
1988, pp. 21-39.

5) Koestel, A. “Paths of horizontally projected heated and chilled air jets”. ASHRAE
Transactions 61:213, 1955.

6) Reinmann et al. “Evaluation of three room air distribution systems for summer cooling”.
ASHRAE Transactions 65:717, 1959

7) Per Heiselberg. “Draught risk from cold vertical surfaces”’. Building and Environment, vol.
29, no. 3, 1994, pp. 297-301.

8) Per Heiselberg. “Energy-Efficient Measures to Avoid Downdraft from Large Glazed
Facades”, 1995, ASHRAE Transactions, vol. 101, part 2, pp. 1127-1135.
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Aol A BEEE = AAAR] 7158 253 vEol A Wil s &
5o vhesk 9elel] meh FRAe W EE fEFS =) HE 2
e 5 X239 Nde ovlshH, downdrafts= draftel] 335+ 7Y
olet % 4 gtk
2.2 Downdraft %7} %3
2.2.1 M8
B Ao A= downdraftES H71st7] ¢k W AL 93 /)& AF 2
wolM  downdraftE W7beh= Wl dis] 248tk B4 2z
downdraft= <13 =IHS H7bsks W= o2 77 jdsleH,
downdraft= A ACEMERN] QIAe] = w3k EAlo]7] ufo 7]&9]
dA o] Akl Fok ' W A4S AEEH= A, F U dEkE o
Hg8E 450 37b SR vl AgH 3 dek ok A WA Bk
Mozt AR §xo] met 4§ Lwk ol 5P WY WE FAHE 3
Gl A 58 Hed JFERe] FAS oA AFF 371K @Al we) 48
sto] sk Wol sllem, Aue) MukAl A Frhshy] /% A%
9) Peter Lyons, "Window Performance for Human Thermal Comfort", vol. 106, no. 1, 2000
pp.594-602
10) U Larsson et al. “Experimental investigation of downdraught from well-insulated
Building and Environment, vol. 37, issue. 11, 2002, pp.1073-1082
i, “A new formula for determining a minimum recommended value of
inlet air velocity from UFAD system to prevent occupants from draught risk®, vol.

issue. 1, 2007, pp. 171-179
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= A&sks W, 293 draft® 9% 5540 B34S Frkskr] 9 A
A= =] - = 37 = O =)=
ZE5 A&t ol AT olH g FrF HRES aL#ste] downdraft®
5 B2 S W =] 5 Z9o =Lo
A7 B A S Hrretrlol AHg VEs s
3 =3 = =2 A = =] W
2.2.2 3§ 75 HA 7|/ FEE T H3U)
= i=) O v =] =
Downdraftz <13t =345 F7hst7] A wie=z Ao 28 2%7}
Q S) B ke 5 =3 = 2 A= 3 i
Akl H9 el A4 uf 38 7Hsd Bt 7w S5 B9 FUF U
o 5l 2= ©
¢ 48 5 Yok
[O&2.1] 7429 S8 wWE MA 7| =(design criteria) il Al
Type of Activity | Category Operative temperature Maximum mean air velocity ?
building/space Wim? °C mis
Summer Winter Summer Winter
(cooling season) | (heating season) | (cooling season) | (heating season)
Single office
A 245+10 220+10 0,12 0,10
Landscape office
Conference room
70 B 245415 22020 0,19 0,16
Auditorium
Cafeteria/restaurant
¥ 245+25 22,0+3,0 0,24 021"
Classroom
Kindergarten 81 A 235+10 20,0+1,0 0,11 0,10®
B 235+20 220+25 0,18 0.15°®
o 235+25 220+£35 0,23 0,19%
Department store 93 A 230+1,0 19,0+1,5 0,16 0,13°
B 230+£20 19,0+3,0 0,20 0,15°
C 23,0+3,0 19,0+£4,0 0,23 0,18°
3 The maximum mean air velocity is based on a turbulence intensity of 40 % and air temperature equal to the operative temperature
according to 6.2 and Figure A.2. A relative humidity of 60 % and 40 % is used for summer and winter, respectively. For both summer
and winter a lower temperature in the range is used lo determine the maximum mean air velocity.
b Below 20°C limit (see Figure A.2).

o 71 A,
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Category A : PPD(%) <6, —0.2 < PMV < 0.2
Category B : PPD(%) <10, —0.5 < PMV < 0.5
Category C : PPD(%) <15, —0.7 < PMV < 0.7

ISO 77302 v [2H2.111293} o] A& F3d wep 54 48 2%
A ellA 88 7hse HAdl H 7 F S5 VEs dEER ALHER
o] 53 (Category A, B, Ol wet AA &t ¢t}

oluf 2% (operative temperature) 7]+
A AEHMY 7I7bele ZYF 0.5clo, ALH(HY 7)7hele Feolw
1.0cloE 7IRte.2 atal vt Ht 7|7 £x9 7|FdA dRides &9

%}7](mixing ventilation)¥ w2l 40%7} 485t}

2.2.3 AJ9 HFAA A F7t VS T HUt
DowndraftE 37}sl7] 918k #hH o= Ao A o] P4l dH A4S 7}
3+ %2l PPD(predicted percentage of dissatisfied)S E3f #Alsl=

PPD= & 159 AHdEE T & AAdA W% AU U =484s =4 &
Aoz EHAe =4 5 e AFHY HE S o Sste ARy vy [
22.21¢} Zo] PMV(predicted mean vote)9] &= U 4= At} PPD9}
PMV Aol A 4 W= <3F 2.2>9F o] 3dAZ vd 4 At} o]y PPD
of thAFE(metabolic rate) 1.0~2.0 met, 29| %(clothing insulation)<-

1.5 clo o3}, 717 &%(air speed)= 0.2m/s ©]3}2] ko] A&t}

12) EN ISO7730,
13) ASHRAE standard 55, 2010
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80 | PPD =100 - 95 - exp ( - 0.03353 - PMV*- 0.2179 PMV2)

PREDICTED PERCENTAGE
OF DISSATISFIED (PPD)
N
(=]

20 445 10 05 0 05 10 15 20
PREDICTED MEAN VOTE ( PMV)

[O2222] PMVe| trE2M 2 PPD

< 22> oMol X2 ol HE =T FdEHol He
Comfort Class PPD PMV Range
A <6 -0.2 < PMV < +0.2
B <10 -0.5 < PMV < +0.5
C <15 -0.7 < PMV < +0.7

2.2.4 AUYe FRZHQ dHF Hrt 7= T HU)

Downdraft® %717 $1a) ‘3719 §%'3 ‘Frle] Lm'e] He %54
ol Wztem Qg ¥alH A4l draft® WrHEH] A3 WHS HET & 9
o EA B7l WO Draft rate(DR)E 2H43ke] Hrlatis ol 3}
o},

Draft rate draft2 <%t =522 EHAS Hulste A4 AxE=E
ASHRAE Standard 55P % ISO77300 A A|Al8tal v}, Draft 722 7]+
&= (air velocity), ¥7] <%X(air temperature), YWF7%(turbulence

intensity), &% %(HAFE, metabolic rate), ZH¢]Z(clothing insulation)®ll
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v

O )

=

Aol Al BFH AN Hrshs A XS PPDske] Aol W e Wi
)

ki
Ll
=2
)
ol
=
rlr
o
r o
=
Jn
o
h
=
e
o
£Y
~
i
_I
L
<
B
i
Jw

o X195
Tu = (SD,/v,) » 100 (2.1)
o 7] A,
T’LL %%‘701‘}_ [%]
v Jd 71F E% [m/s]
5D, 715 X9 B A

P. O. Fanger®] d-+169] w2 sd3t 7] &% 2 Hd 7|7 559
St ol A dRAE7E e AeRY =
Z 4 vk AT A3t Aok

Draft® 1% EH3HS H71E W thA}E(metabolic rate) 1.0 - 1.3 met

rlo
o
=2
[@N
@]
=
=)
[aN
=
e8]
=
—1
o> I
ol
o,
X,
s

o]ar, &)= (clothing insulation)2 0.5 — 0.7 clo (lightly clothed person)
Alolo] 7ol A -gHT)

]I

Draftel] tist WiAd 2 47t 202 dolx] 2 e d o 717 2+, o]
23k F-o 2= AAe] we FEof sl e, &, o7} the] FEo|

ge= T, o, g 59 Sl o

rlo

B

14) ASHRAE 55P, pp. 16-17.

15) Ibid. pp. 6.

16) P. O. Fanger. “Air turbulence and sensation of draught”. Energy and Buildings, vol. 12,
1988, pp. 21-39.
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ASHRAE Standard 55P° A+ 8 <3
A, B, C2 Y-+ro] AAstar

-
T

2.3>3} o] Draft rateE Class
Ao zhzke] Classell wef draft= 18k &34
Aol &8 7hed Hdl HlES AlASkaL Ak Z42Fe] Classel
deHollA &7 2=t W A= R S8 Thed Hd 7R
= U5 [292.3]3 2ol AERZ AAletar 3lem oluf Class B¢ C
| = Draft rate 20% 7]=¢] sdatA A&t} ISO 7730014 %= o] &} H[==
StA Draft rated Th <3& 2.4>9} #o] Category A, B, CZ Yo 483}

Ir

7]

B dp e
e

H
i

0]
A

2

3L Qo olu Category Ci= [2H2.4]9} o] Draft rate 30% 7|55 4
/3= Mol 4] ASHRAE®S 7|3 x}o]7} 9l
<3 23> DR ol w2 Class *+&(ASHRAE 55P)
Class DR due t o draft g
A < 10 ANkAl A& 7o v& 44 7+
B < 20 Al A8 7|E
C < 20 AREA Rl A& 7|Edd v& # 7+
644 68.0 716 752 788 °F 64.4 68.0 716 752 788 °F
m/s -t - - fpm m/s . . fpm
> 04 - 80 5. 04 " 80
= = KS)
S} o Py
9 9 (,’\4‘5\,
o 03 - 60 i 0.3- W o - 60
> > ﬁ‘AO'@' i !
« « e 07k
< o 4 < 02 - %
~ 02 NSW{ S - 40 - O & 40
LJ<J U\_ENC g WIET A“% E
= TUBB S 60k =
0.1 T — - 20 0.1 20
Class A Class B and C
(DR = 10%) (DR = 20%)
0 T T 0 0 T 0
18 20 22 24 % °C 18 20 22 24 2% °C

LOCAL AIR TEMPERATURE

[22l2.3] ZtzZte| ClaSSOH ’—.‘EF stZollM 3 Jtset a2l 7|&7
E(ASHRAE 55P)

LOCAL AIR TEMPERATURE
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<X 24> DR #¢lofl ZE Class T+&2(SO 7730)

Thermal state of the body as a whole Local discomfort
Category PPD DR
PMV
% %
A <6 -0.2 < PMV < 0.2 < 10
B < 10 -05 < PMV < 05 < 20
C <15 -0.7 < PMV < 0.7 < 30

Tu=20%
0.4

Tu=20%

0.3
0,2

01 |

Tu =60 %

0

1820 22 24 26 f,, 18 20 22 24 26 ¢,

Category A: DR=10% Category B:DR=20% Category C: DR=30%
Key
t3)  local air temperature, T

v, local mean air velocity, m/s

Tu turbulence intensity, %

[2=24] 2tZtel classoll &8t etdolAM & Zhset 2t 7| F H=(SO 7730)

k

Draft ratex th& 22 2 (2.2)2 A = o o] uf Atghd & &
o) dzpzto]l TRl b T2 o AE] e e
7 WHel(occupied zone)® B F-ollA Al GRAEE EF 3]

(mixing ventilation) A] 35% A x=o|w *]3+3l7|(displacement ventilation)
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7 A g5 A5 AAAL 8717 48
ventilation)ol = 20% 4 =0t} o] @2 I RAE7 SAHA &2 A o

A (2.2) Hed = Uk

R
&2
rlo
-{o
i
=,
=
5
o
c
=
=)
o)
(@)
=g
aQy
=5
(@)
=

DR=(34—t,,)(v,,—0.05)"%(0.37 « v,, + Tu+3.14) (2.2)

o 71 A,

DR : Predicted percentage of people dissatisfied due to draft [%]

t,; : Local air temperature [C]
Vo Local mean air velocity [m/s]
Tu : Local turbulence intensity [%] (if unknown, 40% may be used)

q7|1M, v,, < 0.06m/s¥ 4% v,, = 0.05m/s &
D

A71M, pr > 100%% %% DR = 100% *&
2.25 Downdraft H7} 438 2 A EFHo)AHE E3 HU}
Downdraft® #7}8}7] 93] 28 = AEHo|AS Faste] 271 =

B vl o8] 2R Arke ¥ 7 BEel wE A S L Lex

RIS Bohshe el k.
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Hua Get 2d& T3 7] A]~ES oA e wWolx "ol Ao
AAAN AL AS downdraft S EA g on, HAdg A AT we
7l 2% R 715 £k, DRO| 22

Jurelionis= CFD Al&EdHo]Ads &3] Aol PPD w32 & e
downdraft WS A8k o dddel wet Yetv= Ao 7w &
= Heiselberg, H. Manz9] $=213} vl H7}ale] A28 3R 39t =
T G Aol et downdraft= 18k E#H 7ol WASHA] L F ot 9

olo] SAAE AT 200 ey 1= PPD A #ell= HRAE

l

rot

&
Hir

17) U Larsson et al. “Experimental investigation of downdraught from well-insulated
windows”. Building and Environment, vol. 37, issue. 11, 2002, pp.1073-1082.

18) Hua Ge et al. “Experimental investigation of cold draft induced by two different types of
glazing panels in metal curtain walls”. Building and Environment, vol. 39, issue. 2, 2004,
pp.115-125.

19) L. Schellen, “Downdraught assessment during design_ Experimental and numerical
evaluation of a rule of thumb”, Building and Environment, vol. 57, 2012, pp.290-301

20) Andrius Jurelionis, “CFD predictions of indoor air movement induced by cold window
surfaces”, Journal of Civil Engineering and Management, vol. 14, no. 1, 2008, pp.29-38.
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FdekS gt 4= §lom 3% Draft rateE T3 H71E FdsaA} 5= A
g& 9d

t},
we A

ol A draft rateE &-83lo] downdraftE H7}star 3l on
draft rate= WF Fx29 IS 188t 7|FEE7F WA A EH = A
Fo 71FEE7F =4 dAFHE AT mE AA L] HHZ QA Wzt tf

B o) Aol% wejstel YAHE £ =AYk

{0

O]

vl HARd o]l downdraftell P X+ @S Hrbshr] 98l vhe HARGRE
o] downdraftE J#|st= WAYUSS ==39 . 28] vt BApditol

A Bl AEHUS W downdraftel] WAL S By Aste]
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A4r
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Downdraft

of weh Auje] &7 2x=9 7
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21) Kulkarni, Ratnakar, “Natural convection in enclosures with localised heating and cooling

Department of Mechanical Engineering, University of

Doctor of Philosophy thesis,

Wollongong, 1998. p. 127
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he B Ae FRetl RES BolFA Hnl, o] HYelN FHHE T
7] SEsh AF SEe] BAE 4L Ba AvnAw, A felA o)
How e Lxo fAS Fe LR FAZ As W f4) Aol o

glon] o= fAlel dolm AN e vhE Fee] oA
AT AU oIt olu] 58 Ael Lo| Aol wet ZAF Yt Uw
e fAs o] E o B WEE 71 A7
o gasLE EE B 5 Atk o714 g ol 9@ sh&xwel Asjo)n

AAF fAS Wel Q= w4 Apold B W 4E oJugh o
s ge #AE Ao R Y b 4 (2133 2k

pV2 ~ gAplL (2.13)

wpeb AT Rl ol M SEo AwAe 2r)e) e T 4
(2.14)%} 2k,

V= —LgL (2.14)

ENENEREZEES ERELE
wARE e 4 (2.15)9 2ol vehd & gtk

J’—-! : ‘~‘,3| T



Rey="r= - (2.15)

wrEbA] the 2 A (21608 = AU

=2 T M

Re} = p72 (2.16)

o] A& A iF dolA FE WA S FAYE v (dimensionless group)
=g

_‘EL
D
=
S
7
j=n
=4
Z,
o
=
o
D
A
D
2
t

F o s 2 (2.17), (2.18)% e

d 4 9l
APgL3
Gr= p72 (2.17)
v
A 3
Gr=L22Tol” (2.18)
v
oA 7] A,
g %9 7}& % (acceleration due to gravity) (9.81m/s?)
Jé] I A4 (expansion coefficient) [1/K]
v o fAe] =A% (kinematic viscosity of the fluid) [m%/s]
AT 2p7Fe- BwAe THew9l A AAZ (thermal boundary layer) {be
iﬂ«] =%z [K]
Ap D AATY FAek HeEl A= A4 Atole] 54 HWx b
P ) W o] 54 Zo| (The characteristic length—scale of convection)
" [m]
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ek A GHo) A downdraftE A7 A FE A wie &

o
Aol A 89S W 4% EHLES FHs] e /1T L

FR3 B5A2 = Yook 5]
FE dAsts AN F S5 B vebdol wet A4 9 el

draft rate®] X7} 38 7l5 7|5 A o] o2 PAH A golof i},

2.3.2 Downdraft A A] o & AW FZHY &4

e Babdele] A28 23] downdraft G A Al g sfoF sk Ay &7te]
215 syl Hsl, 71 A7 d 2#2S S Al el A downdraft
of J&&S vA = AAE =E3F3TE Downdrafti= A7 T W 9]

PN
GAH = A7ke B2k A dF 2 5ES B QA FHAow Y7
A

&
N
R
N
i
Mo
x
2
b
-

=
R
lo,
N
i
1o
ofj
lo,
oy
fu)
rr
ol
2
=
i
ot
il
&

AL A}, mEkA A O
Yo A S H(shearing stress)® AAY  AF(heat transfer
=

coefficient)A}e] o] AF2 Q0 #A7} AA S

layer flow)ollA S4 % A %<9

22) E. R. G. Eckert et al. “Analysis of turbulent free—convection boundary layer on flat plate”.
NACA Report 1015, 1951.
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3} ge 4 (2.5)

2 (2.6)3 Zol yetold s st

o) ey oo

==
T =

-
T

o]

W &7ieke] 2E=x7F A RASA FaL olol] wet 754

A A E

1
M

(2.4)

Y

o

)M (-

SNES

’U,:’U/l(

(2.5)
(2.6)

(Gr)Y2[1+ 0.494(Pr)?/3]~ /2

14
xT

1.185

0.5652 (Gr)” /1" (Pr)” ¥13[1 4 0.494 (Pr)?/*)H/10

Uy
5:

(2.7)

960,2°

Gr =

o 71 A,
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Gr o 8t4 X 4 (Grashof number)

. Mo Y3t deo BEAZAEY H] (The ratio of momentum
r
diffusivity (kinematic viscosity) to thermal diffusivity)
g : F¥ 7145 (acceleration due to gravity) (9.81m/s?)
) el BHeEe AAs WY FASe] &% AH(temperature

difference between wall and fluid outside) [K]
u Do WEFoRY £X [m/s]
AAZ= wre] £ (velocity outside boundary layer of comparable

ul forced convection flow) [m/s]

8 A A4 (expansion coefficient) [1/K]

Y : #HogRE 43 Ag (horigental distance from wall) [m]
Downstreamol A  ZAAZ9 AlF AHozRE e Al (distance

X

along plate from starting point of boundary layer) [m]
&% AAZ=9 FA (velocity boundary layer thickness) [m]
=4 dynamic viscosity (kinematic viscosity) [m?/s]

=]

Downdraft= ©|Z2 A4 27} &+

e g FEvee 3717k aehg
Bl A= E.

s e Aol =2 Heiselbergs R.

Upnax =k (RAL) (m/s) (2.8)

o171 A,

23) Per Heiselberg. “Draught risk from cold vertical surfaces”. Building and Environment, vol.
29, no. 3, 1994, pp.297-301.
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U ax W ol A ] HY) 71/ S [m/s]

k AeS B3 ==H gk (0.052-0.10 A}o])

h 27h el 4 =ol[m]

At A7 e RHY AT Fx 2% Afole] Ak [TC]

a2 AA downdraftell W3 GH 2 27k 9] 2R 7F obd AA A}
gE5o] AFshes A d9e]lm=E Heiselbergs downdraftsE =2 4 U+
918S Hrslr] 98] A7t 757 shdske] vieke ulel a2 WA npe
Aol A et ‘Ho 7RER B HARE S Frlslt ddS S

7He g Ay 3] SRl Al 7l SReh A Sk APt

rH

o

ﬁL

Wi
Mo

O ZHH 0.4m A2 olWelA FAo] HA. o] F FEomFE S A2l 2m
A= 715 £527F 20517t 2m o] 54 ARl = A7 FEE7F 26%
AA aste] dAS A FAEHA olst A s S v 22
21 (2.9), (2.10), (2.11), (2.12)5 =&3}ch
U ax (@) =0.055v(hAt) (m/s) z < 0.4 (2.9
U, . (@) =0.095— (hAt (m/s) 04<z <20 (2.10)
r+1.32
Usyax () =0.028 vV (hAt) (m/s) z>2.0 (2.11)
tr(x)=t,—(0.3-0.034z)At (T) (2.12)
o 7] A,
T A7 FHORFH A |
ty e S Bl 25 AR E7H HA 2=[T]
t, A g Fx 2&[T]
At A G9e] Fx RE9 AUEE Ao HT & Aol REAHT]
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® 4o NE downdraft® B7heh7] 9% WAt ZAzte] WEe A gl
A7E SaAH A S 2SI on ule %
MAUES B A7 S 2ASGY. T d0E ackshy et g

.

A

1) Downdraft®} drafte] go] 2 Aolo] thal] A3 A3} draftx= ‘<A
o] wEAQ W7z 9w w3t mE EIHH dA HAAE vy
downdraft= drafte]l X%=+= Jidelgt B 4 Auh oA

downdrafte= A2 521 Wz & 44 A4 5 A7 %

2) AW Al A S HUketr] 9% A3xQ PPDE &&3t= A
Ho} 4540 4948 H7tslr] 9 draft B7F A3 draft rate
& A8 A5 dRARY G aee AEE G 7hsst)
witoll downdraft 37bel & o Ade Ax=2 ko] HATh wEbA

downdraft® H7}817] 918k A X2 draft rateE A A3}
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Al 3 & Downdraft 7} Wy % H7l =d
3.1 18
B oAM= 28 A FaE vie BARd o] A8 379 downdraft M)

Ttz skl
w#tA downdraftE %
downdraft H7}e1zle] H7} wheks MdAelglomn o]o wpE Hrt Ao|AE

ARttt =3 F7t

3.2 vle BApd Hrp iy
3.2.1 Downdraft 37} 7|&

Downdrafte] 37} Al downdraft® 1%t &7+ 3o ok 77 4

85t downdraft® g &I 7ol AstE Fo] dupr} HE=A o g
H7pF dastt mebd AiH el #AE F8 downdraftz 1 =3 7]
2ol J7b 71l g A& 3 downdrafte] 7F7E o] FolA = H7F 44
of ek AdAe] Fasir

DowndraftE Ath2 ¢l A& H7tet7] 9% 7w om 2% =59 A
¥<Q! draft rateE AA3}FA T} Draft rate= 7|57 % 9 2% J&FS b
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ABSTRACT

Downdraft assessment of the space with
Radiant Floor Heating

By Park, So-Jeong

Department of Architecture
Masters Course in Graduate School
Seoul National University
Advised by

Professor Kim, Kwang—-Woo
2013. 2.

Radiant heating system keeps a space uniformly heated and
comfortable. Because of an increased awareness of the advantages
of radiant system, many countries are applying this system recently.
However, when applying the radiant floor heating, the consideration
of thermal discomfort which can be caused by the external
environment is necessary. Recently, the amount of glass area used in
office buildings has been increasing. Because of this, heat loss
through the building envelope has increased, and the risk for the
occurrence of downdraft has also increased. Downdraft is descending
cold air induced by cold windows in cold weather, which may cause
thermal discomfort to occupants. Therefore, in this study, the
principle of the prevention of downdraft with radiant floor heating

was analyzed. And the guidelines are proposed which gives simple
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reference when applying radiant floor heating.

In order to estimate air movement in a room, numerical simulations
are executed. A computational model of the room with radiant floor
heating is constructed within the CFD program Star CCM+. Eight
cases with varying surface temperature and surface area of the

radiant floor heating and a window U-value are considered.

The results of this research are summarized as follows:

(1) When the radiant floor heating was applied to smaller surface
area and higher surface temperature in order to prevent downdraft, a
rising current of air was attracted toward the window. So, the
velocity of a descending air current and the air flowing over the
floor increased and downdraft couldn't be prevented.

On the other hand, when the radiant floor heating was too widely
applied, the velocity of the airflow decreased but cold airflow

couldn't be prevented. So, downdraft occurred in the occupied area.

(2) Contrary to expectations, according to the rising current of warm
airflow pushed deep into the room, the velocity of the airflow near
the floor was high in the occupied area. So, the cold airflow could
not be blocked completely through the rising current of warm air

which occurred on the surface of a radiant floor heating.
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(3) The velocity of a descending air current near the window was
increased, when the current of warm air rose not far from the
window which was formed from the surface of the radiant floor
heating. In this situation, downdraft couldn't be prevented because
the velocity of the air flowing over the floor increased.

So, in order to prevent downdraft, attraction of the rising current of
warm air should be avoided and the proper surface area of radiant

floor heating is needed.

(4) When the insulation performance of the windows increased, the
air temperature was increased and air velocity was decreased near
the floor. And the attraction of the rising current of warm air has
decreased. So, the range of surface area and surface temperature of
the radiant floor heating were changed which should be applied in

order to prevent downdraft.

(5) When the vertical height of the windows increased, the velocity
of a descending air current increased and the large circulation of air
flow occurred. So, the air velocity near the floor was high and the
air temperature was low in the whole of the occupied area.
Therefore the downdraft couldn't be prevented.

However, as the insulation performance of the windows increased,
the velocity of a descending air current and airflow near the floor

decreased. So, the downdraft could be prevented.
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