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Abstract: The purpose of this paper is to numerically study the characteristics of the indoor air flow of a square
ceiling type diffuser according to the vane angle and flow rate. The CFX of ANSYS 13.0 was used for the CFD
tool. The size of the room is 6 m(X) X 6 m(Y) x 2.7 m(Z). The exhaust diffuser was positioned diagonally to the
supply diffuser. This diffuser was designed to have many holes, so the air supply had long throw patterns with
low velocity decay. The characteristics of the indoor air flow was studied at volume flow rates of 5.1 CMM and
7.4 CMM, and a vane angle from 30° to 60°, every 10°.

-7)sAMY -
1. A
ZA] A9

v, A zoll Aol T4 £ (m/s) Aoy Abgl s HLX%S}D%H Zﬂ%% gee =
CMM : ¥7] F% (m*/min) 3} Hgom A o d4e uEFdt =k
AT :EE B AN BU LE AHC) oo meh AW e HEAGoH 56 Q0
Vo 1 EE Hi(m/s) A Rale Az i el 2ufe] oj23 3
4y s HERAMmY o A vatel Fel me FgH wE @
R o] Zrhelglon ojd] Fazte] kolsh Zvbel
k Al E S of FIHA, AnjA Sl EAlE oFrlstal
G EETe AT A7 o A2 oled@ BA ANow LT A

By wEAF glo] FEyra gv
3 P A=A A 2 HeFgz A2"e AYFriet BEE %7];‘31 2
AL 10~15C o1, W& 2Rg ddte] FES
o] w=Re a5 20119% =78 32011 GEAE TS s R e Rle)
YL oh ExCO) ey e gl g mad 37k 1 wgew w7
¥ Corresponding Author, jinholee@yonsei.ac.kr A sl ==X E(Cold draft)E ©F7| 81
© 2012 The Korean Society of Mechanical Engineers Aol BERAd 7R & BRyE usA 9



654 g

Ying 5 CFDE olgake] 233 Azt 2 o
FA BEEztrel Eok Zulo] ta X7 o
2 A
157 5 OFA 3o wal CFD A&
ol & A dFREA schemeo] CFDo| 1]
= gl Wet A Aasge®

o8l Ay F7) EF
A 2GEAS] Wl
(©)

@)
il

Mannings> CF
Sk g-el 1Al
it A& st

31
;sz ru
&

2 AFNAE AR FFE A dFAE A
At gFAe BEE Zwel T uE Ay
715 B eE Bx diEiA 8 Z2
ANSYS 13.0 CFXS %3 a4 mtch

2. e

2.1 EFA MF

FERA 2] TR Qv TFAE HE
o dAF HEE F3] 2 7| AUz it
AATFE ujoln Al 7] Fell AujAl 9
st} o] wiEe] YA Fge &kl w

W sle o] ghr)

FAE A AAEZHEFI) UFAL 43
EZ YUFAZ oA, AHESZ HFA A
A& F717F AYER EEEH Uxxto]d s

CGAY T} FolAA HW FrEIZE 5 34
A717] Wil mEAR 1 FHEEE YUFAE
AEsigint. ot FRHES At #dd
2 So|t},

4 :70 (1)

k= =/4,(4/7) K =113k (2)
0

z z \? Bgdy AT
—=042B|\—| , By=——75— 3
d O( do) 0 kV02 ®)

SEEREERE

A () FEUAT EE £l #AAE Y
Bl 2 (2= HFAe SR go e 7%%4
&mo] g@ Aolth A4 @A ke BRYE
AEHTIFA S kR A7) wEel Tré%fﬁc
EQ] E“ﬂw} Aol xit.

2 ) BEZwrle #E BF Al qid
Auyake] EZ 7%?4%_— eI TR

lo JX&‘

2 offA =2E

221 AT BHFEAN
H Ao ME HF FooA FHoE ES 7].
tFAE A4Stk Fig 139} 2ol 33hgle

=3}
01_
Ransson b £ASE 4 HRee 0
o] Zo

| S48t BEE 55 ¥ €0

0000000

. 310mm

Fig. 1 Diffuser in the present study

exhaust

em
Fig. 2 Standard test room install a diffuser



Lo wE gl i A 685

_ . 9 _
Continuity equation oz, =0
Momentum equation 9P o ij)eff +p,(1—=BAT)
ox; oz ; 0 9i

. 0 oT
Energy equation @ eff g T ui(Ti]')gfj} 0
Turbulent kinetic energy equation 9 (pu.k) + M 6—k + G+ G €

gy ¢q oz, Pl oz, K | oz, k b P

tFAe A7 310mm(x)x310mm(y)x50mm(z) =, L e =

ojt, HES} A4 F9&= AE 220mmolth EE
T EZ7H0)= 30° oA 60° 7FA 10 ° A W3}
Al Z et

v
X
[*N
—~
<
~
X
l\)
2
2
N
~
L O,

ol A 6(x
W oORAT AT Ul ARG, BT 42
o A
= o

g 37 =8 98 HFEAY] iAd Bgow
917 021m 7] 470 wol|A 0.4m Hol 2

o] muEstgit),

223 BA=HA

oA AREeE AXE ANSYS  CFX)
tetrahedrons®} automeshsS AM&3}low, HHL
inflation*] 2] & 3} T} element:= TlFA 9} 24
A dFste]l F 25~26%Hl o]t}

EZTE Y% 10CoAA F%F2 5.1CMM
I} 74CMMO.Z T AFY T w7 2AL At

2 0 Pao|t}.

A HHEEEE 25C s oRE dAsgle
H, WA= A 2ZE(no-slip condition)S A3}
Ak

U5 2dl gy|Folo A A& o=z Wo
4% & standard k-e R@S AFEE} AL, ALk
First-order upwind& ©]&3l o, =824 <

g 2ol Aol ¢ 27} 107 ° o] &tolt}.

9

rir

= ATeME i A E WgEA
= 7FEESith 8 TR CFXE A5
]_
O

QREZo A WMH ReFE  Re > 500,000,
ol & FY o= Re > 20,000, W 5ol A

T o i =
{a)g = 30" (b)g = 40
i s
o I 0%
oz r/ — | (el
| k., 1/
om | - W LE. ) i
V =" =
. an |J on | l,‘s\\'*_\-__a: =
L8 L
P ) L e o
i nt] pana]
¥ (99 =50 )9 = 60

Fig. 3 Velocity fields in the vortex area according
to the vane angle

o] Re > 2,300 o]t} AAhFolAE= > 10’

o]},

Ra
Pr

A= Fig. 204 o] HIE
Ho A 37 387 52 Ay Rt}

3.1 &bF XY
Fig. 32 % S5.1CMMoA EZ7e] w2 ¢

F49 4ol sl e Aolth HAEE
AN A= 307 M ST WA 2RA
W AEA AL 307 HE SHFgeo]
AR, A 2Eze] Aol wel o
gejol AU 4 AGNA F GO o)F
s AR L

S Qo] OFA Wgow olEdel ue
Spigdel oga ouA EA= 7Fel FEvt
FojEE e 2 5 glon old we 7Fe
YAt FolET



686 3y -

32 7|REE

Fig. 49} Fig. 5% 5.1CMM¥} 7.4CMMol| A 2] A
vlel 37 fes HoFEth EEZ 30°904=
5.1CMM, 74CMMellA] Fettl g3t= olate] Wi
7 dojulr] Hel BHe o} WHS mel &

T A T F2olA Asdhe e d T A
th o]¢} 2 fFES flHlE ASA7IH Aol
T 55S doith AR tlFAer HH Abo]
Sl &7 ZA F1te] EASHA Atk
400040 EEZE 7 AS EETUIE o
Hol| &7 Hol| FAEET} 025m/s ©)8tE Eol
AA = mgA st FFacte] AWIRE F

o) 2@

()@ = 40°

()8 = 50°

Fig. 4 Contours of absolute velocity according to
the vane angle at 5.1CMM

(b)# = 40°

(d)o = 60"

Fig. 5 Contours of absolute velocity according to
the vane angle at 7.4CMM

2 EAolt}. ARt EE7ZF 4000 ol M £
o] dFTre R W= oA frEol AW
ow Fato] FyFe] Au LmTalrt B
st FAWFORY] {Ee FEEHYPZES F
ko] AAAF EHGS =2 Qv

T HA 54L 74CMMOlA EE7ZF 3009 BEE
2} 4000)de] ZteE Abolo] et Au] otk

¥ ()8 = 50° (d)o = 60°

Fig. 6 Temperature distribution according to the
vane angle at 5.1CMM

. o = 60°

Fig. 7 Temperature distribution according to the
vane angle at 7.4CMM



2}

ot

Fig. 7914 & 5 %ol (a2 74
ol ™, (b),(c)(d)ol M= <F 20.3¢
13 EZ237)7F AuE &3
=7} (b)(e)(d)ell MlBke] A5ahelt.

(@

S o

PR Rl S
b
4
gHU

lé Y
4

tz
32
o

£l

o
Im

|
[
gt e
0%
o

Lo wE Aol g A 687
PSSl
(1) Lee, H., 2009, "Cold Air Distribution System,"

Energy Equipment Magazine, No. 9, pp. 100~104.

(2) Jung, D. S. C. S, 1998, "A
Comparative Study on the Cold Air Distribution
System and Conventional Air Distribution System,"
SAREK, pp. 1633~1638.

(3) Ying Sun, Theodore F. Smith, 2005, "Air Flow
Characteristics of a Room with Square Cone
Diffusers," Building and FEnvironment, Vol. 40,
No. 5, pp. 589~600.

(4) Kim, H., Seok, H., Choi, D. and Yang, J., 2009,
"The Air Flow Characteristics According to Diffuser
Modeling of the CFD Simulation," KI/4EBS, No.
10, pp. 155~158.

(5) Manning, A., Riskowski, G. L. and Memarzadeh,
F., 2000, "Analysis of Air Supply Type and Exhaust
Location in Laboratory Animal Research Facilities
Using CFD," ASHRAE, Vol 106, pt. 1

(6) Inoue, U., 2004, "HAVC Handbook," 4th ed,
hanmi, pp. 448~449

(7) Sung, J., An, K., Lee, G., Choi, H. and Lee,
I., 2003, “Optimal Flow Control of Ceiling Type
Indoor Unit by PIV Measurements,” Trans. of the
KSME(B), Vol. 27, No. 8, pp. 1042~1050.

and Jeong,



