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Analysis of the three-dimensional Steady Flow through
A Multi-blade Centrifugal Fan
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ABSTRACT

A numerical study is presented for analysis of three-dimensional incompressible turbulent flows in a
multi-blade centrifugal fan. Reynolds-averaged Navier-Stokes equations with a standard k-e turbulence
model are discretized with finite volume approximations. The computational area is divided into three blocks;
inlet core, impeller and scroll parts, which are linked by a multi-block method. The flow inside of the fan is
regarded as steady flow, and the mathematical models for the impeller forces were established from a cascade
theory and measured data. Empirical coefficients are obtained comparing hetween computational and
experimental results for the case without scroll, and are employed to simulate the flow through the impeller
with scroll. In comparisons with experimental data, the validity of the mathematical models for the impeller
forces was examined. The characteristics of the flow in the scroll were also discussed.
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Table 1 Dimension of Multi-Blade Fan and Measurement

Positions
impeller blade scroll
di | 266mm | Bua 67.8° @ 7.86°
dy | 310mm Boa 151.3° r=155 ¢% =
di/d» | 0858 | shape | cir. arc B 170 mm
b |160mm | radius| 17mm 0. 7
A 48 t 1.2mm Ye 10 mm
X
Section 4
- 8¢ |
dad: L ~Section 3
Section 1 Pos.4
T pos.1 Pos.3
Pos.2
b Section 2

Fig. 1 Geometry of the multi-blade fan.
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Fig. 2 Grid alignments for numerical calculation

Table 2 Numbers of grids for zones of computational domain

W/ Grid
dep. test

JIK[I|J]|K
18 | 18 | 40 | 30 | 30
66|20 6 |114] 30
16 )20 |165) 20 | 30

W/o scroll With scroll

Block I J|K
Core 18|18 | 18
Impeller | 6 | 66 | 12
scroll | 22 | 66 | 12
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Fig. 3 Comparisons of computational results with measure-

ments at the impeller exit, in case without scroll
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Table 3 Optimum values of eand efficiency

¢ 12

20 28 36 44 52

3 0.76

0.68 0.64 059 059 059

Tim | 070

0.81 0.90 1.00 1.00 1.00

Fig. @Al

>

]

R IR

el s

FATAN 0 e Fahua
A9t oS % Aol FY

771 9390 sS4l Yudd % Bgor =)
A7) dizel 144 ol A

)
612 AN GHANA 7, E WA

o531 ) Fig. 3914
—X/X, =08 $F7]

e e 97

o L+
R
23
o

S
ol
ox
A

e
st Fhske Age
T BNE FRgow

0642 AAAE AW Fig
FEARE BATE
Ge) ygel AU FFE w1



MM

o

AN FE SEATYG BEE 2
a9 A

oA AFE S48 FYGEXT

%)cﬁr Hskich 4 Fig. 4(3)01]

) 74]}\].;]9} A& ¢ 12

71]

Fig. 40k 229% 5
AT AR
4o grg nold, 2
@ 278 AATe »}ewi
2 2 A% §UT F RS Sgwol
99, & 9 Wy 450l
g A A
NEEEOET ]
YA SEYEA diE APA9 ARAE Fig 4
@A Blmseeh AAAS AN T - X/ X,
00014 0574 o £EHRY =717 Ag ARat
A AR A% %7}0}04 — X/X, =L0IA F )
7 g 2380 Q) HlaE B ol A
ag YA B4

FIF

9l

£ 2R EY 9¥olgdn A 23EL wad
EFES a4 v oz A YF #EE B
wdaA sk 42E stn glem, AA A olew

Al v sitkn A7

gt oy ARgdAe S8E A4 dig 7Y
T SEFIE RHolm 9on ol A3E YR #
& Zo] 3] i Aoz Yzhdch

Fig. 40X AAH FFAF(4=208% &
¢ =1.29) APAE= ¢=249 LFAY 2aE AF A
oM F AolE Helx B Jlev, FAANEIAE
dde 2E of FEAM AT i HAd

24

SHIA -

I S S | 1% 1.0 L L s 14 g 1 11 11
09% 02 04 0.6 5.8

* exp. =12

Y 2P &2

» A axp (=24

L cal ¢=24

20F Ny exp,$=4-o

o "L, T cal =40

o ~\~»_»_“_ []

oo Tt

_ob.oo.,..,oti

Al cow e e e s 1
%39 02 04 0% 08 70

{d staiic pressure

Fig. 4 Comparisons of computational results with measure-
ments at the impeller exit, position 2

FHINAKL A, WS, 2000



E=7b Aopxa glvh. zeu, SRREe AHR
Fe APA 9} Fdsth AUYFEE AFA 9 v
o Fig. 4D vehidct ¢=1.29 24 <1 H$-
€ W A Td fEEEE vehia, A
A FHAFRT 2 =409 A $ol= S
ol A s & F vk

Fig. 5llAe gy 7oA ddis247 4dh
7t 9 ERASGlp factor)ol thalx] AAtAatel A
A& Husg Fg S@dA Aofsde A
AT ¢=129 A$ AT A4 ¢ 20" F=e
A g Holuh FRE( - X/X, =054 Y+

B

)

4 ot aok offt
o o

(@) absolute flow angle

[ o expo¢=12
250F e cal. ¢=1.2
r 4 ox| ,¢:2_;1
+ cal ¢=2. .
200F  , exp ¢=4.0
F---- cal ¢=4.0
150
‘:Z E [ ] :,

100

50

(c) slip factor

Fig. 5 Comparisons of computational results with measure-
ments at the impeller exit, position 2

FHIAXEL:N3FA, M1z, 2000

120 W e SE4Ee A9And 49l 2
2A AugEzel A8As 2 Aolg

1€
Agstd e FHAFANE 2 9H 5
2 9. oleld Aol FE Fig. 40l vehd P
&0 X 9] o] wlio)

Fig. 5N k= (uy— v, ) uzs & Zo] A& &
AAFE wasdlch A7 24S BTN
k7F 20 2 fEAeel SEEAl B 2
Ao wel 7 A7 RaEE d 2457 25

=
dasts Aot v ALE & 5 9
4.3 A3E LK |E

232 oo 58 AuEr] 93 Fig 19 &
Ag 23E e Zh gydlA AAAE fEA Tl
W ¢=24Y We) FAHES Fig 69 EASA
Fig. 6a)oh A Ved section 19ME 23 & WF F
bol F7) il 8 F5o I FYUTF A4A

4 glth Fig. 6(b)dlE 6=180" @4
(section 29149 F4 B 28 A8 Yehgich <
AT FAlo] £ Y 23BY TAHARE o|F3SIth
ol FAlog 3 e Avet £F fEo| FAPAh
SRR JEA 9=270° 99 (Fig. 6(a)9] section 30|

4

Fig. 6 Computational streamlines

25



>1E =2 o ot

2,

H e

H

4 s 54 U 45T
$59 UL T2 4 uRda w8 99
g7t e dBsoN D, WA §5EA
T wae] 7t gl A3E ttE2A "ok Fig.
& QEe FTolA 94T f‘z}oz AR EE A
FEAES ¥3E —X/X,=01, 05 2 09 ¥
1A vERSIE) Fig. 7(a)ell ‘f‘rEh_ i £y
PrEAE AFFgoR Age WsE ueol
ot slgand s A FUe EEE vt
Atk 2389 EHFEoR s FdF
10
I R R TR R BT T
(@ o0
3.0
-x/%,=0.9
2sf —-e--- xf%,=05
- -xixg=0.1
20f
V053590135 180 228 570 315 360
(© o)
80.0
-X/Xb=0.9
sor - -x/%,=0.5
a00F N -X/Xb=0.1
_200F $“.\~‘.._‘___,:__.._ "-‘;;'—'"’mj
o Sk S
S ook
-200F
A00F
B e RS TSN RS- LMy [ T
te) 60

N oFe 2 @y rle 1o

TR A A2 Aukss 8y
Fig. 70)¢] WAWNsE SEixs
ol Y& x¢-3 ¥4
Ae) B A dXFL Yoyt 9

olEd Z zlo)E YENY tiFEe 4

< rolx Ytk Fig. 7(0)e) B

19 FARE BES e

ATE STt AH R AR
Fig. /(d)9] A4EX

WA gon), AAEY

zelg Yehlle RAE o

7V A3 A HA4EY] e
Fig. 82 ¢=24 4 o ==

2 vehdch x39 9—4,.=

olth, A3} R w0l FL& section 194E 9

F2EH g Tog 4542 WuAge] B4 AltE]
—~X/X,=007 10 Atold]l Foter kA7 ot

i
b
o
12,
4
30
o

1
i
=
A
do

©
aly
rJ
)
i
>ﬂ
e
4
N
LS
HL o
S
¢ R o

JR‘

ol A

393
B S
k1
HE
53]
fi o
o

=]

ox L
Mo, J
N
S
o
A
XN
i)

=
rlr ¥
o a2 lo

oZ
o off
My

_O_4_|’Bq

JHq rlr
o
— e
+ ;{lm o
1o

ﬁém*m
to
'
m}m“‘lo
o B
2

S go
=T
£ o
R

2.8
-x/%,=0.8
15F 0 —----- -x/x,=0.5
o _x;xb=0_1 )
10F . L
b N ),v/
é;u.s:— N e TR
N Uop B T D
U.U:\_\/J
st
qaok L T |
10g-48 96" 135180 225 570 515 360
[
(o) 0
40
-x/x,=0.9
—————— -/x=0.5
201 : b
. e b =01
4 00f e,
(=¥
Dt
20F
a0f .
6.0 |l
0 45 90 135 180 225 270 315 360

oSS I SV U T W S N BT 0 BV R BB Y
45~ 90 135 180 225 270 315 360
()

®

Fig. 7 Profiles at the impeller exit: (alaxial, (blradial, and (Ctangential velocity components, (d)static pressure (elabsolute and

26

(frelative flow angles

KHIAKGD:M3A, WS, 2000



6.0 1
50
a0k
M 3.0p
a
- 2.0
a
10

-1.0
20k

F

00F
L

3

0

45 a0 135 180 225 270
€-9_.0)
Fig. 8 Pressure distributions along the casing wall

04 -

; 1 1 1 | ENE—'Y i1 T | i L ’e
00 90.0 180.0 270.0 360.0
9-6.()

Fig. 9 Mass averaged pressure coefficients and tangential
velocity profiles

sob oo

)
Fig. 10 Calculated and measured performance curves

section 20 =23l o&Hxpr) Abs] 7hasie) Ae
section 2914 section 42 7} ket 742 Beld)
Fig. 99ll= ¢=24Y o A4 AAS &,(=2p, /
7%
O

[ed

ou3 ) W, (=2(p,— 1) o163
23F8 WA et gEg Uepigich 232
1 58 PtA] AYe gAdal fEe
W, AU &£ g3 e A JENS 4 45

FE719 A%l st AL HE47E Fig 10914
T ¢ FEASR QINDPOIW, prye 23

Kl
ol
¢
4

7wl Fig 9149 2¢ wios o
fol Talgick AARE Age] Hla) A
WA elZsa, ARE B e Ee
Fe A2%E Uele o 4

Afr WAIA A9} Aol

e

og% rlo
o r{i

o
r
2o

2 oM N o T
o
o

N
*
= ox
2o
jo

e
{

= ox
iy

¥

X

=)
5
&

FHIAXG:M3A. H1S. 2000

el SR el oigk vl Babe WEee] g3
7} ehE o sl Aldel] AR B ke EEl8o] ol
59 wuE Yas] Megald Fap| el Aoz Amgrt
5.4 B

APTISE ) 30U FEES AHE] S8 9
o #359) 431 RYE weiRn. 2Y0) Bad &=
Aot B8e 2280 Qe VRS dudRey
H 7% 5 g3tk AdEsRe 44 f3Asu e
Aol AN tia) AolE Rol gAder o
Ashs Aske moiFa du, AHHORE A2 U
oM B G5 S AnE HelFosA 5
of =T el 50 S wHol BRse S
& A9l oleld 2L AR $37] YRhE
o ] A

(1) Eck, B., 1975, “Fans, Pergamon Press”.
(2) DAR, ZAY, 1997, “2AE) N2R 4%
Ao mMAe a2, darAEs EAgEd 3

=B, =& 97 S077, pp. 457~464.

Q) AR, A48, 1997, “~zZBo] AR M| AT
S viXE 23, dRiAeE EASed3
=EB, =S 97 S096, pp. 576~531.

(4) Kim, JK, and Kang, SH, 1997, “Effects of the
Scroll on the Flow Field of a Sirroco Fan,”
ISOROMAC-7, Hawaii, pp. 1318~1327.

(5) Peric, M, 1985, “A Finite Volume Method for the
Prediction of Three-Dimensional Fluid Fow in Com-
plex Ducts,” Ph. D. Thesis, Tmperial College, London.

(6) Van Doormal J. P. and Raithby G. D, 1984, “En-
hancement of the SIMPLE Method for Predic-
ting Tncompressible Fhuid Flows”, Numerical Heat
Transfer, Vol. 7, pp. 147~163.

(7) Fletcher, C. A. ], 1991, “Computational Techniques
for Fluid Dynamics 1,” Springer—Verlag, 1991.

(8) Launder, B. E., and Spalding, D. B, 1974, "The
Numerical Computational of Turbulent Flows,”
Computer Methods in Applied Mechanics and
Engineering, Vol. 3, pp. 269~289.

27



