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ABSTRACT: The purpose of this study is to develop the air-conditioning unit combined
with the lighting unit for workspace and to supply its performance data at architectural de-
sign stage. The air-conditioning unit is one of the components of a workspace integrated unit,
which can be defined as the planning unit satisfying the environmental comfort criteria of
workspace. Air-conditioning diffusers are classified according to throws and features by li-
terature review and case study. Then diffusers are combined with the lighting unit. Through
the CFD simulation, the thermal performance of each unit was evaluated and finally various
air-conditioning units combined with the lighting units were developed.

Key words: Workspace(AH#+332}), Air-conditioning unit{(ZZHFUE), Integrated unit(S %1
E), Lighting unit(Z2%-# Y E), Diffuser(t] F2)
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Table 1 Lighting layout(S)
. Spot type Square type
Line type
Spot (1) Spot (2) Square (1) Square (2)
W UW. UW. UW.
Layout g{ o g 9 é
o B

Example
Dimension |1.2X0.3, 1.2X0.6 06x0.6 06x0.6 1.2x0.3 1.2x03
Lighting iggg z ; FL20W X 2 FL20W X2 FL32W X 1 FL32W x1
source FL32W X3 FL20W x 3 FL20W %X 3 FL32W X2 FL32W X2
olfE e d¥tHem A3 Fo I 7|t ST 2& TR VIFE AMEE
ARSI A& AARFDANME AHY ALEH 712 &3, FdHd gd was A48 Fe d
A e dF3zA A9 157) dEAA F71F To iyl didle] #1¥e Fi 0 ATRE
2 g9Jd8 UFAE AE3ln glor, ol # AR HdA 3t 7|7 8L RASAF 3
3 AR Ak A @AV Je AL T AE Bl Ad5E ¢ F Utk
2 #ud & o g3 FHZ AARIL 2
T3z A& m@ge olfxE FuiZITFE A 312 SHEZAE 88 B3 SHi7IF FEst
Ve =E2AFA En 2WIIFYG DA AT AFRE7E d3zA A9 EAT A3 99
HE Aol dtdd@ Zolgt ot 943y o (Round, Round pan), Z}%(Square, Square pan),
Ztyg Fr1tE HA uls] HEo] A= 2+Ql8(T-Line) TFAZ ZA 5T F A% e
Fot 2Rl 8 5AA Square®d Hi X oA o, #EGA w2 AE3FAES T FT
Zol AlS 5 LS & = YAk & FYset 294E Yl Table 29 2t}
Table 2 Diffuser classification®
Diffuser Placement Example Performance & Dimension
f:_ N Flow rate (CMH) 140~4,135
Round == Throw (m) 09~6.3
Round tvpe il I Diameter (mm) 270~650
P LJ:_ N Flow rate (CMH) 160~3,285
Round pan - s Throw (m) 09~6.0
i Diameter (mm) 270~650
lt: " Flow rate (CMH) 160~1,840
Square o= Throw (m) 12~63
s o tvoe I Diameter (mm) 270~550
an
duare Lyp T Flow rate (CMH) | 160~2,105
Square pan RES Throw (m) 09~6.0
B Diameter (mm) 270~550
- Flow rate (CMH) 85~374
. - =17 i Throw (m) 1.2~36
Line type T-Line [T —— Length (m) 06, 1.2
M Slot_width (mm) 15, 20, 25
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Table 3 Environmental index

Classification

Environmental index

Overall comfort

PMV (predicted mean vote)

PPD (predicted percentage of dissatisfied)

Ventilation performance

Mean age of air

Local discomfort

ADPI (air distribution performance index)

PD (percentage of dissatisfied)

Vertical air temperature gradient

Asymmetrical thermal radiation
Warm or cold floor
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Table 4 Lighting unit (luminance: 500~700 Ix, Uniformity: more than 0.8)?

UW

UD

15 18 2.1 2.4 2.7 30 33 39
1.2 i) [ il [
15 e m ] il [
1.8 il o il
2.1 0E
2.4 il [
2.7 D il
30 i il BO0E
3.3 ] 4]
3.6
39

¥ [@ Line type, @ Spot type (1), B Spot type (2), @ Square type (1), @ Square type (2),
O FL32W X1, & FL20W(32W) % 2, B3 FL20W(32W) X3

ol uegt xW7IFe 2% ke F2 F8iv g JMee F2 FuislT wixUge FA An
T owix¢re TS old, AMEFte #Y % 302 71 B& F9 wjxete] =&EHYh
ZA 2FE B9z 0134\, ZHe 183y 283 4y gFAe A g g ® ES
dAHeg HE 7Mee WxLS o7kA] F¥9 EXo] fAlglnz #2 Av|9 ey ujx|gto)
ZYHFYE Zzd dsled &8 275 A9 Zrzy T4, #0E HFAY =gd WAL 16
g3 7o M2 Yetgtod oj& AsA Table 5% 2t}
H, 23" dixde e xY{UE A
411 Line® =HRUE}S =3 71¢ke} FaATAE M 23 433 39 o
Lined Z¥AFUES A% FUEY Z3 o] FAY A AA HAE, #98 tFAY A
g EYxoz WA £ gle EHoz U3ld L A FIAR A BFE £ gled ol y
7hd B2 e 2Y/FUE} EEHYLY, & el Fig. 5, Fig. 63 2t}

Table 5 Air-conditioning unit which can be combined with the Line type lighting unit

Uw, 15 1.8 21 24 27 3.0 33 36 39
UDy |yp; 4| 15130 | 18136 | 42| 24|48 (543060 |33 |66|36]|72
Lo |36 R BECRE) o e
) 48 e ) b T L2 LD
15 3.0 |R1,81 L3 L3 S IR2S2 o ]
) 45 o ‘ - ) 14 | 1L®
18 38 Lo B2 = O (. S
' 54 | L. g AR8S3
2.1 42 R4S4l" b } S
48 - B R R
2.4 s QRN THC TR N R T
30 30 |- "IR6,S6| 18 | L®
‘ 6.0 A )
% . Line type hghtmg unxt Rl, R2, R3 -+ : round type diffuser,
S1, S2, S3 -+ : square type diffuser, L1, LD, L2, L® - : line type diffuser
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-+ UDic s Luminaire té]»diffuser == return

UWac

(a) R6, S6 (b) R1,S1,R4,S4,R7,S7
UWac=2XUWL UWac=2XUW,
UDac=UD,, UDac=2XUDy,

= UDac

z o m— " —

o s —)

(c) R3,S3,R5,S85 (d) R2,S52
UWac=2XUWL UWac=UW,
UDsc=3%XUDL UDsc=2XUDL

Fig. 5 Layout classification for round or square
type diffuser (Line type lighting unit).

AAE - BAS -

SEREEAS

— UDac === | uminaire ¥ diffuser == return

UWac =—

(c)L1,L2
UWAC= UWL
UDsc=3XUD,

(a) L3,14,15,L6 (b)L7,L8
UWac=UW, UWac=UW,,
UDac=2XxUDL UDac=UD;

- UDac

UWAG ==

(DLQLDOLOL® () LO,LB® LD, LO
UWac=2XUW UWac=2XUW, UWac=2XUW_
UDuac=2xUDy UDac=UD, UDac=3XUD,

Fig. 6 Layout classification for line type dif-
fuser (Line type lighting unit).

4.12 Spotdd =HRFUESIS| =3

Spotd ZYHFUEY H$ FUES £3 o
7 3932 Add A5 2YHFUET =5
Haed, 28 715 I FusF dXG
A& 23 Spot(1)E 678, Spot(2)8 47] T
T 10709 wixQte] =& FH AT

o
=
LA

Table 6 Air-conditioning unit which can be combined with the Spot and Square type lighting unit

" Spot (1) type
UW, 15 1.8 21 24 2.7 3.0 33 36 39
UWac 30 18 36
R1,S51 |R252R353
Spot (2) type
Uwy 15 1.8 2.1 24 2.7 3.0 33 3.6 39
UWac 24 ‘
R4,54,R5,85
Square (1) type
UW, 15 1.8 21 2.4 2.7 30 33 36 39
UWac 30
R1,51
Square (2) type ,
Uuw,, 1.5 1.8 2.1 24 2.7 . 30 3.3 36 39
UWac 30
R2,52
#% []: lighting unit, R1, R2, R3 - : round type diffuser, S1, S2, S3 -+ square type diffuser
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= UDac mmm Luminaire o(:)odiffuser = return

‘—> UDac M Luminaire<® diffuser == return ‘
v E-E| e L IEAE -
-l oo
e e B | 4
Ba B = =

H

UWac=UW,

Fig. 7 Layout classification for round or square
type diffuser (Spot type lighting unit).

A%% 249 UFAE 448 e A7e @

o @io B
(a) R1,S1,R3,S3 (b) R2, S2 (c) R4, S4,R5, S5 n U
Spot(l) type Spot(l) type  Spot(2) type

UWac=05XUW; UWac=UW, (a) R1, S1

Square(1l) type
UWAc: UWL

(b) R2, S2
Square(2) type
UWac=UW,

Fig. 8 Layout classification for round or square

Be) mjxicte] 242} 5714 EEHALH olF A

g)3td Table 63 2t}
Helo 2PSUE =799 *14444-74]

8, =29 Wiy

2t
=4

type diffuser (Square type lighting unit).

9l o o]& A Table 67 v} #H, =& "
ks

b A Wes 2P4UE A7)%e AR

A3 Spot()e] B F 7HAZ OA 2FE F g 4% Z#E JehidE Fig. 8% 2

der ol

413 Square® =Y #®

Square®

E£HAh
a1 Fehe] wiAte] zkzk 2704 =EHUS

£98

U Egle
E9] Z$ Spot¥t mbrt
A2 FUEY] i# Qol7l Fdanz A E
N 2E/FUETL E%El%l"ﬂ%, 2% 7Hsd s
FE FH7|E wixLtE T o
g 271, Square(2)8 271 5 EF 47)9] Hjx| ko)
Ay 24y dFAE J L3 2L g Hrtstsd)
AHRE A3zA 298

veh 9 Fig. 7% 2t
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As A3 Square(l)

Table 7 Simulation case and PMV result

¥ g =237 Y3Me
FE Fx Fus)F el ¢tol
£z A2 E dustojol
13 Yeldl vjx]¢H(Table 5, Table 6, Fig.
g B8 o

E
seer 95t

B,

olg #3t

vigoz AP

Diffuser Line type
Round Case R1 R2 R3 R4 R5 R6 R7
PMV 0.40 0.24 0.45 0.22 0.28 —0.42 0.33
Square Case S1 S2 S3 S4 S5 S6 S7
PMV 0.13 —0.26 0.12 0.26 —-0.16 -0.48 —0.06
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Table 8 Developed air-conditioning unit and its performance comparison

Lighting Lighting )

; . e . . L. Power | Diffuser | Throw | Mean age| ADPI
unit Air-conditioning unit layout |[UW. X UDp{UW 4cX UD4c| Luminaire Densit . o
type ( &f}izs)f type (m) | of air(s) | (%)
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—m— © © Round 348 | 93
QOUT X
[ —— 36x24 72x72 | FL32Wx3 | 1333 36
Square 629.0 89
Round 3089 | 99
) = + ™ (@] 30x15 30<30 | FL32Wx2 | 1707 2 15
Square 766.9 92
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quare U E n e R Square 551.2 90
Square(2) ]| 30x30 30:30 | FL32wx1 | wmor oo 22 L &
.UX0. UXS X R .
quare (n) (o) o Square 5460 -




A2F2Y FHAUE 752

27me AAFEE FATALH, gRAF o
&2 wjAlsa WFEFod H 8o Jted T2A

237 HaA ol symmetry BAZE
ol% FgS wiAY & UEE 3x3H4Y F
YE uix¢ts FAS T FYF vxL e
e R Y HAANEE 4983
g a3y 9% PMVY 24

i=]
B
o) g Y% 871588 ¢ ADPIZ

2
ox

ox o PN A |m
of 3 do 2 ny ao

o] FolA PMVE Z$ AFY & Hrtsls)
fste widol A 1.8m Fol7HA 9 o
o7 &te FAgE FEHAY, Br1EE&T ADPI
= A Fol7tA AA 1S ez 4

HAETE CFD #iM Z2ado=2 AL U9
FAAY F7HF, d449, 48 2 2982 A
EMo) A3 =E 3@ FLUENTAHY Air-
pak T2 IWZ AL AT

Ad #dEEE A WFEE J3g wryds)
95t AIRE7F %A A3 2 AHLHL
ZAaste FE@ed AALE 01A/m? 77
0W/m’e Asst $F Audrstey 8
Zretste] Huighel AAEE 028/m? 7)71Ed
30W/m’ A$ F A2 TRt zhzhe) )
z|Qtell diEted AN EY AL HABAT 2HEE
o A% 2%d 2HRUES BIFL FH LY
th 38 A o)A cased AAIYE 0.12/m’
71712 20W/m’el #H48 A$ PMV AR
#}E JeEld ¥ Table 73 2o, 2984 A5
& 451 ALSE &+ Ao

57 ]
e

43 SERUE dddln Hol A3

2487 Bt CFD Al E#HolAE 53] Table
79l et wpe} Zo] Lined ZWHUESY B
g9 3070, Spotd =HAUES FidE 107,
Square® ZRFUES FFE 4 § EF 47
FEFUEZL EEHA ol g 4Ae F
FUES dizty z3d F¥7I7e 2937
HHUEY A7E TEId m'Y ZHLIF
T&a, 4 28874 Wt CFD Al Edeld
S B8 T8 B8 € 2 ADPL At Ang B
Aslgon, HFAHoR olE AFsd Jelud
Table 83 #t}.

Table 8& H#HEW L =GAHE 7IXx

o ao PN B Lo

679

de UFAHL HE dFALR G FTH
I EEEAHo] g 293873 ZWHdA zlolr
e, B 2L §¥9 UFxE HE3d
B WX wel 2dFAol Xolg RY
F 9SS & 5 g

& E9, & =EAY 15mE /IRu Y&
i1t ()%} (D)9 47HR] FZHFUEE vas B
W Mean age of Airt 3089s-~7669s, ADPI=
92~99%7tA FE3E Aoz Yey fFH E
E54F wiAgHA o8 2d@Ae) Aeolun
5S¢ 7 U B (@ (@9 WAt Fol
Al FZo] Square UFAE HEd BEAE )
2Wye] o]z Q3] Mean age of Aire}
ADPIZ} AFol7b Ui 9188 & 4 ek

Table 8% &£3lW QAR 27) AAGAA
A 2% 2 32 AY T8 MdYAalste]l dA A}
FENAA AozA oY 373 A5s ¢35
F deA 44 g 4 vk =g A9 &
UE UigE AHes AE Haz grig B 4
Qong AAxe dxEE JMF F43 g
Ao] pgstA Ak

i
Y

2 dFdHE SHRUE F59 FuA dA
24 297179 #8 2 WA z8d =94
UES frldez BdEY 2937 Aol A
Aol HEY FTEZHFUEE E&390. =8 =
29 FRAUEY AUyuuFgr) e 3 A
Az &8 £ gle AEE FEHIAeY 4
TAZE gkt tE #o

(D) A8 dgx2A A3, AFZRAAM
ez AMEHI e UFAde 99, 49, ¢
APz FEY + dAeH, nHde olf2
FH7FE Hgo| =E8x &x 29s7Ee o
AgA 7R e FEez A3ty F9F dFAY
Abgol A gdixa v

(2) Lined #HA{YES $388 T2RFUEY
M7k 30702 7Hg #@9kem Spot(1)¥ 671, Spot
(208 471, Square()¥ 271, Square(2)¥ 27 %
BEE 44709 FZHYUES EE25Y)
(3) UW. s UDo) & EARo=z <lsted Spot
2 Square®d =FHUES 23" F2FUE

A FAAM HEo] 753t

fr o2



z X of |m

w
i e
° ol
S, P

N

-4

e
'
oo 1
)

r..‘
E

_{
:L
TR
b

Hr e M

9o

(5) ‘6‘—71‘-%‘45- E%é#%
Ag 15msl 98 £& Y
3.0m(UWac) X3.0m(UD ac)
(2)8-& A3 4717 B9 =
o] 7bgst™ 71 ®eol 3&E + U

6) GaRHF 2uuded, dr7ig& ¢ ADPI
59 ddvlust 7hsd AEE G889 29
FERRHUESY Fdva HrRYS ¢34 oy
AAZE AE2AEY Zr|dANA WAgd dE
o olld A5 E LA HAAY 9g=E F
A3 BdE + A AYUS A9 Aol 7
s34 g

D

N o
P
Jo
L
Im
e

oﬂ,
o
L
{m
o
B
e

2 AFAE IR 9Be e AFY
of val YwHoz Y AHe Wu 9% I
e A g $U 2ol 0 3 AeAe

£9% 542 M3 e WFRDE 9y
oz s}oq FEFUEES E2ath 2au, A4
ARFZ AR BGEy) AT 9% 839
o gl Z—H‘d Yoz uAs HE 9FRe Y 2

271 712 olFojA el & Zlo|n 1 ANE w

b:his %Z%HE EZ&o] o|FojRel & Aolrt
2 =8e AZAYRE, 24, 3, U4 ¥

Z1el Adu], 3zl T wixE FTHHLE

nese FHAUE AY Anel 99z, 87
2AA77 QY Fol Utk BFE A$HY AT
g $o FIHoE ATIRY FHaL BF7
WJE SYFUE o] o]k & Relth

s Il

E ATE 20039 AMILER AU/EAT
ALY (R&D/02AFSHAGO1-01)) YB o2 583
QAem oo A} =R

2 g |

1. Aronoff, S. and Kaplan, A., 1995, Total
Workplace Performance, WDL Publications,
Ottawa.

2. Kim, S.S, Shin, S.]J, Kim, J.H,, Yang, L
H. and Kim, K. W. 2005, Development of
the lighting unit for workspace integrated
units, Journal of the Architectural Institute
of Korea, Planning and Design Part, Vol. 21,
No. 1, pp. 243-250.

3. Kim, J.H,, Kim, S.S,, Yang, I. H. and Kim,
K. W, 2003, A study on the development of
air-conditioning unit considering lighting unit
for workspace, Proceedings of the SAREK
2003 Winter Annual Conference, pp. 740-745.

4. IBS Korea, Seoul National University, Korea
University, Han-II MEC, KICT and BAS
Korea, 2003, Research and Development of
Technologies for Environment-friendly Smart
Building Systems, Ministry of Construction
& Transportation.

5. Lee, S.W. 2004, A Study on the Devel-
opment of the Integrated Module System
for the Office Workspace, MS thesis, Seoul
National University, Seoul, Korea.



