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Optimization of Duct System with a Cross Flow Fan
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ABSTRACT

Recently, the duct system with a cross flow fan was used to improve the ventilation in various industrial fields. For the
efficient ventilation, it is necessary to design the duct system based on the flow characteristics around the cross flow fan. In
the present study, the flow characteristics around a cross flow fan in the ventilation duct were predicted by using the moving
mesh and sliding interface techniques for the rotation of blades. To design the duct system with the high performance of
ventilation, the CFD simulations were repeated with the revised duct model based on the DOE. With the numerical results of
flow rate through the ventilation duct with various geometric parameters, the optimized geometry of ventilation duct to
maximize the flow rate was obtained by using the Kriging approximation method. From the performance curves of cross flow
fan in the original and optimized models of ventilation duct, it was observed that the flow rate through the optimized model

is about 16 percent larger than that through the original model.
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Fig. 1 Ventilation duct using a cross flow fan
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Fig. 2 Computational meshes for the prediction of flow
characteristics around a cross flow fan

ofo] £ Aol FRMS o] 83 8] HES] HA 3
e B2 Slat A A AT SAstc o) ¢
stel, 5 42 Fal BRM) o3l WAL = W §
BHS sk, Ae) @S 2] Slote] HEY By
vl thal APATEE uoR s HAsE S
Sk olZ Fof dolal A2 Fuyo| YES} /1E GE o]
Aol AFM sS40 BAastct
2. x| s W

B Ao Fig, 17} Zo] FRME o[ §5H- e A
289 7] A5 FYAT) A SRR ATE >
Wasick. o] §istol, YBT 2o 0% S e F
YHE FHOR 15 m ()Y QoI2 2 HE A28 3

I
4 goe] Tslct, o o, HE FHR

o
mm (R1), M2 212.5 mm (R2)9] WS 2h=t}. o|¥

sk g E | ¥4 151.0 mm (RO)E Z+= 35719 EYlo|=7}
UABHA] k2 HA o2 AR Q= AFAHE HA5

1,000 RPM9] 3| HE S

[>
o
1o
o rlo
N
oX,
olr
o
o2l
ox
>
N
N
do
ol
ol

o
i
10
>
o
x
]
fon
i
Ho
2]
=
>
i
=
fo
N
S
w

3 AARE ofwe] Ay RS Adel: Qo) n
3 & X13} X028 H4sjal] 9% A7E

N of
12
2
=
<L
ot
ox
g

2.1 K5 84 7|
2 dlele g A =
o3 WAEE WA HEY BF SHS d5s

§ % b
Slstol, ol MY W LEY HE PHAS gkt

>
s}
oot
4
E )
ilfis
)
o

ou;
L:()
" W
ou, 8(u.*u,- ) ap 9 ou, ou;
Lok pu,— L —— 4 | —+—2 2
Prae P o; or;  ox; ox; o @

AZ|A, pe HE, pe JE, pe= UEY

L A% o[ 54E WES Uehiih, ES HE Yol §
Sl ofs] BRI WR 45 S4L dEs] Yfstel

standard k—e Wd5F P ALE35}9

oo} =2 Auf WA ARESto] R Edo]=9] 3
Ao W2 f5= &3k flsix glo]=9] 3o 9
gk AIE st of gt HT fA 714 YelAel -5 &
A& ] dlEstr] flske], oht s WSl A
o] AREEOJR] 1L QIt}, 1 S|4, MRF (Multiple Reference
Frame) 7|®"#9] 79 3H G WA FA7F 2= 4l
& (Centrifugal Force)d} A 3F2](Coriolis Force)S 1185}
7] S W og e e 1haet siAS Fal GA 7
Al W ARl 5 545 471 skl g ARSEAL 9L
o}, 2y & AolA =gt fFHe] He= EFlol=t
S|l wheh PR WollA B4 obeo] HAl S0 9
5ol 4= liZell, MRF 7| AR 49 1L
H Sefloj=o] o3t 31 avprh aegof wet R U
HA ofeo] WE -5 S4S €5 5 g "k ool &

TollAl= Fig, 29} o] Eejlo|= 39| 31 gt ¢
E W 1y FAof dizt E€ A AxE Ak, olF
AA (Moving Mesh) 7|W& ARgsto] 31 G99 A=
SAAZIAL B o 117 Fo) AR IF AEE fI5H]
A9] o)z AAH (Arbitrary Sliding Interface) 7|2 A}
$4%e}, 00 0|2 B, BFU Balol= o] w2
Wk Ak 55 SAoln 9RO FAHE B oEs
FEsgOm], o2 RE P 1 FRAL Aol ME §5

3

548 5T 5 At

ITF
il

o

2 rd ox

= 548 )9 Faste], 53] sk el
FES AR oIZop] ste] BAG Tl Y 2



420 T T T T T

400 | 4

Q [ml/min]

390 | 4

380 |- -

A A

O.OT " 1 L 1 " I " 1 L 1 T

0 50000 100000 150000 200000 250000 300000

Number of computational grids

Fig. 3 Grid sensitivity test

271t s et 04
A BEol= i A%
N xS Abgate] P ¢
33} o] ulslgich. oloh
A ANE 0% %
19 WBlsH 7S ol oF 159Ho] a4 AxK(Edlol=
Zl A4 517] 0,85 mm)E ARG,

oo} 2o HE | YRm Bajojso] B G §5
=4 &3] Sfotol, B AToAE AHE CFD 2RI
91 STAR-CDE AM319ich o] w, Bl 3] ¢J3)

o o

m
flo nlilm il F%

i

ol

fqr X

o,

=N

Jo

o

flo

=

0Q

.

HAEE HE A2E W 713 f5 545 271 98t
of, ZFWe gt vhg AT 1440 stepsoﬂ ershe a4
Ak 7& & AAste] 308H A T PFAEE 27140 &

¥ B4 ANE £2T 5 Ut 0B 7] Slote] & A7
o A+= 2.4GHz AMD Opteron 64 bit 8CPUS A&-3}o] oF
2919) A4S St

Of

2.2 ilI‘Iil. 7|H-I

=1 X10] 45%(X1p)0]aL
7} 20%E(X20) 9 7)E meEle 7 ]HPOE XlO] o~905, X27}
0~40%=9] 9] YollA HES Sl 35 A= 2
= HE AXH ] e EEStaLA} 2, o] o, 4 ¥
of et HAALHDOE)SE A7 flsto], FFD (Full
Fractional Design)ﬂ— ICCD (Interior Central Composite
Design) W& 1L . olet 22 AdAEHE Fol
HE WollA R 259

= e =3,

= 7z EL/\(ObJect
4 ek

=1 a1

olof &

75 4

Lt7q

[ =

M
al

ol Dozl fF AAE 7IREOR FAF §4=2] H 9] WollA
A} = (Approximation Function)E Z=Z3}7] $J5}¢],
RSA (Response Surface Approximation) X4, RBNN
(Radial Basis Neural Network) 2@ KRG (Kriging) X
g2 AFE5EQITE o]yst A Yl B AojR A ¥
Zrof W2 ZA} 3E 7|HEC 2 EA (Evolution Algorithm)
8 AFgstel wel A 43 % ALt of W, B

WMol UHE A G40 HARAO R Qls), w5E He)
WA WS GES FINEO R A wLe] WSIE 409K 14
7 et 0 ASIYE Ao st 34T A
55190, o) Bol, AL R dSE HH WA
el fepat 9 AL Fol ol 27 Bl
2b9) 2jol7} 1% o7k T WA HAsh G w5y
soick, olsh 2 H= Al2wle) B4 Wl diat A1)
2 saaly] Sistol, 2 AFoIAE AHg M8t TRl
PLANO™ S AHg3ISich

O

U7 [m/'s]
60.0

—

-
Vortex core - )

(a) Flow field in ventilation duct
P [kPa]
03
Monitoring
point

30

(b) Pressure field in ventilation duct

Fig. 4 Flow characteristics in an original model
of ventilation duct with a cross flow fan

st=RADIHEE ==& H16d, M1, 2013



ok
N
0x
or
gt
0z
o
do
rot
Olok
Ju
rkl
1o
i=
0l
rot
in)
|m

gl_
0z
1o
B
ikl
lor

0 Ty 2 YR Fo e AE2 YE ALY Yol )= of
A= FFHY 7hsol EEA8E 2T 5= 9o, Elo]
16 1 T Ao 2 f5 222 o7|AIZ 4= Qleh 0519 ogt
_ o] ot o4 W /59 XF 5442 Fig. 63 Zo] ¢
g r | EE Bk folx WsE sk |t ey 3%
¥ ol A F71Hel B0l o) WSl AE B B 4
Q2] 0.1% ofak@H, HE Al2gle] 7hge] glo] oleist &
] 5 A5 542 F9) vojgt 2 g 5 gl ol B
R R ol & dreliel wERS A= HE LS Fotel B
o Ldegre &40l 12 ST YFUY gL chyt el g A
. . o 289 37] Jog P A7IE 71T Ao R st
Fig. 5 Fluctuating pressure at monitoring point
around the rotating blades
3.2 87| EM sME2 98t HE A X3}
B GE A2E ) FRAY HEL Y] A AL 4
AARE, HRo] o) WAL $5 B4 2 1280
Fafoll MztshA G W] wjRel B A5 Jjstet
7 QA BRMe ) LAy fES BT T S
T ool N Qo7 40960 mlimin /| Qe FH HE FAe] AA7} vl Fagih ol & A
E ol _ e Frel 45 AHsk: BAE st e
2 YHE £ OAEE, YRS FHOE Qe 7R
] gt 5ol P4 M2 X9} X205 EE37] 93 A
o e T = A
0 30 60 90 120 150 180 210 240 270 300 330 360 O]Q} z_:]__‘(:)—_ g}]q} i]‘_-7] %’o‘(—:)'_ ;%__15 ];_1]5 /\]./:Eé!-o/] /gzﬂ_%
i Sistol, & ol SATIA} S AEANEE 7lke
Fig. 6 Flow rate through an original model of ventilation 2 A} mul 383 24 MAZ gRAoE 255l 9
duct with the rotation of blades S 2)2s) W ol oJekd AEsL Fasict oo B o
Tol Mt chopgr AAAEY L DA BES AT
3. #at % nd of W2 Hz FHIHY 45 SN BANAL. o|F F
3, A W] U2 BA F4el HES Sushe 37
3.1 HE W 8RH £ 83 S9 ol izt a4 AZl Q7 HAEAR BAS 2 S
2 AFolld= AollA Auet At Zol Sdshs FFE = 2 glgjom o2 Qs ARgEs ARAIY W Zabm
T A 598 ASE A WY 7S ARSI aef wet dlzd g7 43 23kl Qoll o] tha o)t
E AT W 5 58S SAMNACR BASAT Fis.  wgsiglnt, B dAolAl antael HAss s8] 9
4= o] FEAPt gle 71 B HE ASE WM gl clopsl 223t wpo] whel dolxl XA gPake] gE
el sl w2 54 AR 8 S45 B = masie 9ek9 Taple 13} o] vlmalgth o2 Ed,
3 Qlek, o] & B, 3)Hsk= AFWe] EYjol= FHe g
E 3] 9% ok =dolE gk e SedvAl® Table 1 Effect of approximation method on optimization results
3l AR o] P st AIEE 5SS 2 T o T o
3 =2 = I R=Hvi S
f;o ]Ol‘;f;;] ‘;’f SRS FUOE BRWE SRS | inal model| 500 | 2000 | 40959
e _ Xl | Xt | @ | Q& | Q/Q, | Q/Q
ol m, 2Pdsh= Selol o S AU ANk w1 FEr T RoA [ 2818 | 2104 | 40058 | 3969 | 099 | 0.969
def SR RFA el BAE= oo} 27I7E M [Tepn TReNn] 3381 | 1893 | 41980 | 42368 | 1009 | 1034
M=o, ol Frd TR e W el S 2 ppp | krG | 098 | 1981 | 41223 | 4246 | 1033 | 1080
A o HES &4 Aore] A Ws 545 A5 [joep | Rsa | 2899 | 1202 | 44405 | 42453 | 0956 | 1.036
= Fig. 58 W, Hsk= Edol=el E 7o A5 ICCD |RBNN | 2883 | 1445 | 42762 | 40661 | 0950 | 0.993
of oJsfA] o zEo] WSt A ZIE = Qlrk, o]9F | 10CD | KRG | 37.02 | 1803 | 416.12 | 436.38 | 1.049 | 1.065

s=RAIHEE =28 Mi6d, M1E, 2013 43

[



Ol - HRE - e

0|

A4g3}o] KRG B2 AR
= 37 AolH F) 9L 2 A — P
&2 4 Aot ol i ATolx HAske sk g .

& 7= 1l AdE B4 ofgt Ao s 3 : =
A g @? ~ By
olo B ATtof A= FFD 7]51e] Ad A&y} KRG & l ’
= ARgste] d2 TAREE 7INe R ] e A () Original model (X1=45.00 degree, X2=20.00 degree)
2 G A 2RSS £25] Sielel 4 B4

235t} o] W, (A Ba) dolxl PAL =

Loz WAF s H9lE d0mK Zhaslo] Mgt AL B
=25 A4 Y4 e 90 2ARYS
| 753 4 QS S Fig, 72 A48k 7
astol neh £35S0l 24 YAolxe] 5 5

U [m/s] I T - p[KPa] IR T T T -
0.0 0 -3.0 0.3

¢

=

ox 1% oXx oX
oM o wle

75_5
(")
=
or>:>'lﬁ élﬂ
» o Mo x
o'-l%:ob%m_'.
ozg;(grﬂ;z
RO OHL ok
I g
10 3o 1o
dlm
Mo =
% o oy g
niéﬁné
do 7 o
e
=R T P
mﬁig o
1
i _:F_.CL
=2 N g oo
ifmmmm
oH.lmE{o
Hﬂm.l o U
o it pZ ot

i
=

fr b w
2
oflt

o

.{

rd

ARz ol tEel, AT 5
fh =2 YAl §5 SHozRY AL g Aol
bol7k 2215170 Eiet. 2 M43} AN wEE 27
NN TS B3 AZE S L 4 Ao
Sol| thgt Table 25 BW, 2 A2} BA7} 219
E5 Eashs B $l diat 2AReRRy
Qo %5 4 23k 3t Q. Aold] Kpol7t ZotE
| ORHE BT Be §aS 2= HE PAo| £
Hoic}. ol w, % 499 HASE Fa) AR 45 3 m—
Homse Qojzl At Aolo] 1% nlge] Xjol Bl ;
Ea o] 2R Poltl A BAL 712 Barel g A

He} of 16%9] 32 7 7P,

pa
, L
HHN'
rﬂ

oz

> I
e

(c) 2nd optimized model (X1=41.63 degree, X2=19.98 degree)

=g rle

¥ 2 it Jr ot r
i

o I

Table 2 Design optimization of ventilation duct
with a cross flow fan to improve the performance of ventilation

Xly | X2 Qo
Original model | 45.00 | 20.00 | 409.59

Xlopt Xzopt Qp Qs Qs/ Qp Qs/ QO

(e) 4th optimized model (X1=34.64 degree, X2=24.44 degree)

1st optimization| 40.93 | 19.81 | 412.23 | 442.46 | 1.073 | 1.080 Fg. 7 Design optimization of ventilation duct with a cross flow fan

2nd optimization| 41.63 | 19.98 | 442.97 | 451.27 | 1.019 | 1.102

3rd optimization| 34.63 | 23.16 | 465.86 | 472.25 | 1.014 | 1.153

4th optimization| 34.64 | 24.44 | 473.29 | 473.30 | 1.000 | 1.156
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(d) dp = 05 kPa

Fig. 8 Flow characteristics in an original model of ventilation
duct for various pressure differences between inlet and outlet
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(d dp = 05 kPa

Fig. 9 Flow characteristics in an optimized model of ventilation
duct for various pressure differences between inlet and outlet
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