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Optimization of Shroud Shape and Fan Location for Increasing Exhaust
Flow Rate of Air Conditioner OQutdoor Unit
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ABSTRACT: This paper presents a numerical evaluation of the flow rate of air conditioner
outdoor unit by investigating the effects of fan location and shroud shape. To determine optimal
design parameters, we investigated the exhaust flow rate by changing shroud height, fan height,
fan guide height, and fan width. The 3rd order central composite design was performed to select
three most important parameters affecting the exhaust flow rate. According to the result of re-
sponse surface method, the exhaust flow rate of the optimum model increased by 6.256% compared
to that of the base model.

Key words: Outdoor unit(<]7}), MRF(Multiple Reference Frames), Porous media{th3-4 v 2),
Response Surface Method(¥+-&E 9 1)

7l 49 J2A 22X
C : Inertia Drag Factor [m '] e DR SEAUA AE (msT
C. C Cy i k—e WERE A5 p o HE [ke/m’]
K P EET [mY It AAAT [kg/m-s]
k CGE QYA [mYs7 e URAAASF lkeg/m-s]
P © b [Pal
Q D% [m¥/min] 54 &
R? T ARGA T
Sk 3§ﬁ1?1°ﬂ olgte] MuysE A% i omERn
u &% [m/s] 1M =
* Corresponding author
Tel. +82-2-2220-0426; fax: +82-2-2295-9021 A9 oA Ao wE Mujge nEsHe
E-mail address: ksleehy@hanyang.ac.kr olsto] G Lol et HWalo] molx glom, o



600

Wd.i%ﬁ%%%mmﬂni_ Ji_u.frﬂ:ﬂmﬂ @d. m_wm & ﬂﬂﬂwémmgmow

o Bg o X B Ho X o kel <"1} N —_— K . " T ~ o O B

Tl T Yy L g Mo T T R L BT my o Ee

— K X A - o of N W oW O N T R W g A

N T 9 it . B 7 <0 w oo ol - Fo oy o o o o N g 2z " " £

B o, W ol g oo de M E T Lm T £ = R P

T - Wogide U 0D Ry o= P T o T P g S

&oﬂrﬁoMﬂoﬂWﬂmﬁWﬂPLWM Mﬂ]]iqiﬁa ol = "W orﬂovEUuE@‘_Ho

TN = D g = Mo "0 o7 %o ™ I o ™ o (T N madl Ho o ~o X o w g w E

gm T ERHRE _pEw i T B R

oY To

- I N T © OE®E T TR ENT

i ,qr@le&ow\ﬁoﬂlﬁ‘muuga %0 = yOt,myliﬂoaT Nro,mu oF o = 7M‘_ﬂhzfm,*m,w.ﬂw

ey i " PR TIE T B L TLT T TR Th el Eas

ju— f ‘_“40 -
ok B WO e W om o T oE® T T oy T o Mo o ™o | o T oo
SR R Fagdirita o e o My LEwodEvge
< I~ . = o !

ﬂumﬂ%mmbﬂu.mwmﬂuaod‘w mﬂmmu,#.ymﬂwmﬂmﬁzodﬂ mo I sdo%mmmﬂoﬂﬂwm

T ENTg ¥ Fgo LR 9P gs o wa TR Konam SRR

ﬂ%ﬂlmﬁmm_ﬂﬂwﬂ%%mﬂﬂa i) MMA._ ﬁleﬂiduiwwﬂ._ - = ﬁzm&%%.v ﬂzTﬁoﬂrwﬂHNﬁ
. ; o T X 5T = g3l oF oF X ! o R R

ﬂmnﬂﬂu'S(ﬂhﬂaimo RO — wawrﬂxaﬂ_wx W__E T TN TENT s ag t N

TR EpE® " e¥Erg O ¥ gpWagd ) = 8% whwEzyd s ?

Mo TSFTUETSWD & F W FEBMT T & ol of T B M T T AP

PELCTRER S GVUG DR RS T BETLT TS AT :

o RO oy TR 0 Mo v Bm — B R = g o I T A £

e _ oy X H ) ~ " o ~ S —_ op . £

o = ‘_Wpdﬂﬂc,oﬂ,@lﬂﬂ oF ol UWEodﬂﬂ;o_H oy E.*HOI%E da%ﬁi M ‘,WME:. m.&wio N m

TZwials. REIrCdTnETesiFuisr oO0IE :

< <P o — N o — ~ f X o — )

N T F T Mg L T g T a1 T oo s

oS %Hgoémuﬂx QQLEO,A(.]QO o_azﬁeT]r,ma gL izomﬂuL

TEweX 0r e wwmorzwRXe HBgl 2<% N -

TE LI T Lawms T RS an DWEE T

R N T TR L B R

s :/nmE 1 .AE VV‘LI_$1 A s —_ —

N g T R g e S I U S~ T

A 50” f = o~ ﬂ.mwruo_u R .,oh_qmnéaxlzlﬂ o T 0

T M AR A A Ao g I o L T

T MEELI Qs 2 T8 SRl A VAR TR e T Awg,

ﬂwﬂoowaﬂAEATMﬂEJ|ﬂowﬂﬂl,meHM(@&WLQW&L@L%HE_Eﬂolﬂdl.geﬂ‘mu:l

o Wo 7 WX o ®x G TTF s Mo w oo ~ RN

%%woﬂﬂaleanovﬂlﬂ&%m.ﬁovKﬂuzmi].{movd%%WM%@M@@

T Ko R W 5 - ¢ I R 0 o N

T @R W ATRT ol EL g o 2dg" g ® ) HT g

WWW%L%imndﬁma?mﬂafEu%@hﬂﬁ%%wamﬁ%ﬂﬂ%ﬂﬂmaﬁ;_o.%

} i —_ ) i - mo = < M —

gy g e T e T g T O TP, TSR s s

FAFTR . MR ATHLTRE BT HTFR T ET g PRI

TAHWERETAET OFEWBEREPpRPTIRNEFT W D3 H

Fig. 1 Parts of an air conditioner outdoor unit.
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Aole oz B35 4% 2 Quiy] A4es

% o]a, C= Inertia drag fac-

Table 1 Flow rate and pressure drop according
fan rotating speed

Flow rate Ap

m (m"/min) (Pa)
537 247 43
443.3 197 31
3395 141 20
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Table 2 Comparison of flow rate with experi-
mental data

Model Figv&// rriit)e Relati(\(l)/i) error
Experiment 247 -
Standard k-e 263 6.48
RNG k-e 256 3.64

Realizable k-¢ 270 9.31
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Fig. 3 design parameters.
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Table 3 Normalization of design parameters

Normalization

Design parameter -1 1

(lower) 0 (upper)

Shroud height(X:) 50mm 100 mm 150 mm

Fan height(X2) -50mm Omm 50 mm

Fan guide height(X3) Omm 75mm 150 mm

Fan width(X4) Omm 110 mm 270 mm
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Table 4 Results of parametric studies
fl()\%v rate )
Content Range  (m’/min) Differe- Order
(mm) ——— nce
Max Min
bell
X1 mouth 50~150 268 248 20 1
height
fan . .

X2 height 50~50 253 272 19 2

fan

X3 guide 0~150 256 247 19 3

height
fan
Xu width 0~270 252 257 5 4
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Table 5 design of experiments

Normalization unit

Test number % X s P(‘igy/]nfrllt)e

1 ) -1 -1 262
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6 1 -1 1 208

7 -1 1 1 232

8 1 1 1 240

9 -1 0 0 211
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1 0 -1 0 239

12 0 1 0 223
13(ref.) 0 0 -1 256
14 0 0 1 228

15 0 0 0 256
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