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Abstract: This paper describes the performance of a centrifugal fan used for refuse collection systems according to the
chord length of the splitters installed near the blade suction and pressure surface sides. The fan performance is analyzed
by three-dimensional Navier—Stokes analysis and is compared to the results obtained experimentally. Throughout the
numerical simulation of the fan with splitters, it is found that the reverse-flow region observed near the suction side of
the blade can be reduced by installing a splitter. The fan performance is successfully improved by controlling the chord
length of the splitter installed near the blade suction side. Under the designed flow condition, the efficiency and
pressure of a fan with splitters increase by up to 4% and 18%, respectively, compared to the reference fan.
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Table 1 Design specifications of a test fan

Name Value
Flow Coefficient (Design Point) 0.175
Pressure Coefficient 106
(Design Point)
Rotational Frequency of Impeller 3550 rpm
Efficiency 76.1 %
Outlet diameter of impeller 885 mm
Inlet diameter of impeller 465 mm
Blade thickness 3.2 mm
Number of blade 11 ea

Impeller

Fig. 1 Front view of a test fan
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Fig. 2 Comparison of fan performance between
experimental measurement and numerical
simulation®
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Table 2 Comparisons of reference fan and new design
fan having splitters

Design conditions Reference haVEilE
of impeller fan splittergs

Blade Numbers 11 7
No. of Splitter 1 - 7
No. of Splitter 2 - 7

_Blade l _ V

Splitter 1

Splitter 2

B~ Volute Casing

(a) Perspective view of a test fan

Blade

(b) Definition of splitters

Fig. 3 Definition of splitters in an impeller
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(a) Reference impeller

(b) Impeller having splitters

Fig. 4 Computational grid system for impeller
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Inlet Duct

Centrifugal Fan

Fig. 5 Computational domain
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Observation
Plane

(a) Position of observation plane
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(b) Tangential velocity vectors

Fig. 6 Velocity vectors on the mid-height of an impeller
(reference fan)
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Fig. 7 Performance comparison for reference fan and
new fan having splitters
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Table 3 Design specification for the fan having splitters

Fan A Fan B Fan C
Chord percentage
90 60 30
of Splitter 1 (%)
Chord percentage
of Splitter 2 (%) 30 30 30
Fan A Fan B Fan C

Fig. 8 Front view of three types of test fan having
splitters

(a) Position of observation line
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Fig. 9 Pressure along an observation line (splitter 2 has
30% chord for all cases)
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Table 4 Results for the new fan having splitters
Fan C

Fan A Fan B

Pressure

. 1.25 1.18 1.0
coefficient 9

Efficiency (%) 79.2 71.5 75.8

7ol A | Fig. 3 olA¢} 2ol 60 ¥

~EUEE FAT ] $57]9

ot
=
5
X
i/
=)
92

@
K
In rr
N
~
als

o,
I ofr |
J|m
flo o
M
2
_O‘L
32
o

N
o M
40,
o>
o4 01-)4

Lo
)
o

<7lek ~2ZYHE FHT
Hla s yERdn 9ol
e HERH, AR
FAolA 71E FF 71l Hls§t
R a8 540 FeEEe &

3 rewiso] Zo}
vRo)FE AUAEIZV -

o+
ofy -
off N ox

)
Lo

)
2o
[o
fl " fo

o g

i
ol
oo

410 4y 2ot X e
ol 30, o
fr S AN
ox
ok
5
N A7
Mo ol If of
A

Jm
oX,
2
v
kol
o
o
r o
o
oo
o
N
of

ol
ok,
v

43 AE2|E gaboll w2
Fig. 7 oA & &+ <l
AAEZF71e B85
of AAFFHET

OF
[> Of
N

=2

N

%)

e
2oy W
o ox

i

=y

ot

o
rlr
~N

P

o of
o
1o,

1

Ho

oLl

o 18

o
~ O

7

]IO
- og ©
Ay
1o,
joad)
12 2

I e = o p
A A
[>
e
A
o

&
r—_>:‘4
(m
KM
Iy
fru
k1
o,
m\‘L
1
2
iy 2 Ky
Ao |
o

2~Z2H | (Fig. 3 3%)2 3=4o]
=2] 30, 60 B 90 HAER WspAA A4
o] HAeE5A4S AESNH. 2EgE s=do
HAEE Z}7; Table 3 2 Fig. 8 ol LEFWITH Fig. 8
oA Fan A, B ¥ C & ~Z¢g 1 ¢ m=Zo|7}
7k7+30,60 2 90 HAIERD 4= ov gt

Fig. 9 = Fig. 9(a)°llA et o] Aol &5+
TGl A tEdS A4S YETE Fig 9(b)el
Me 3 Fo 238H 1 9 sz g E 54
= UEH, 2FE Aold AELI FHelA
wAG heAdst 545 vEdth ad”elA
R =

=
=
% 4 QFol 2B 1 o e} FHES
4 e

N
yus
of 19 X
e )
e N Kt

f
o,
o
M
2
fuli)

o of
o
9,
4

=

AA FFAAAY odE 2 a&@ A9
Table 4 o] Y}E}QITE Fan C & 7 Soll&= 232 1
o] 30 AAME I=E 2ts Aol a5l



1072 FEwk - F

1.5

I
R N
] | Se.
5 1.0-
= i o
L
a .
O |
bl
5 --—- FanA
vl
] 0.5 —— Reference fan
8 i
|
0.0

. | ‘ ‘
0.10 0.15 0.20 0.25
Flow Coefficient

Fig. 10 Pressure for reference fan and Fan A

Fig. 11 Velocity vectors on the mid-height of an impeller
(Fan A)
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Fig. 12 Pressure contours on the mid-height of an
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