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Abstract: In order to improve the aerodynamic performance and noise characteristics of multi-
blade centrifugal fan, combining with the characteristics of high degree of freedom in the design
of inter-blade flow channel of double-arc blade and based on a single-arc blade multi-blade
centrifugal fan with better performance, a full parameter matching optimization design of double-
arc blade is carried out through the combination of CFD and experiments. Taking the air volume
of the fan under 0 Pa static pressure condition as the optimization goal, the Box-Behnken response
surface experimental design method is used to determine the inlet angle, outlet angle, inner to

outer diameter ratio, arch point diameter and central angle for parameter design, and 46 sets of
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sample spaces are obtained. Through the quadratic regression fitting of the design parameters and
the sample results, the functional relationship between the parameters of the double-arc blade and
the air volume, as well as the optimal parameter combination, is obtained. The results show that
the inlet angle and outlet angle have the highest sensitivity to the air volume in all main effects,
while the inlet angle, the outlet angle, the inner diameter to outer diameter ratio and the central
angle have the highest sensitivity to air volume in all interaction effects. The CFD and FW-H
methods are used to calculate the aerodynamic performance and sound field characteristics of the
optimized double-arc blade fan and the prototype fan. The results show that the air volume of the
optimized fan increases by 118 m® « h™! compared to the prototype fan, with a relative increases
of 9.7%. The optimized blade can effectively suppress the generation and development of vortex
flow in the inter-blade flow channel. The inlet angle and outlet angle of the blade are more
consistent with the inlet and outlet flow angles of the airflow, which effectively reduces the
pressure pulsation caused by the impact of the blade leading edge and the unsteady interaction of
wake flow and volute. The test results show that the power of the fan under the same air volume
is reduced by 4. 7% compared with the prototype, and the noise is reduced by 1. 8 dB.

Keywords: multi-blade centrifugal fan; double-arc blade; Box-Behnken RSM; parametric design;
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Fig. 1 Single-arc blade multi-blade centrifugal fan
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Fig. 2 Main structural parameters of single-arc blade
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Table 1 Original single-arc blade impeller structural parame-

ters
Z 5 HfH
D, /mm 250
D, /mm 212
B/ 80.5
B/ 163.5
0/ 5.8
- H BB ¢/ mm 0.4
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Fig. 5 Distribution of noise measuring points
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Fig. 6 Aerodynamic performance test Fig. 7 Noise test
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Table 2 Influencing factors and levels of double-arc blade

7K
A+
—1 0 1

A 0. 82 0. 84 0. 86
B/ 165 170 175
C/ (" 40 55 70
D/(%) 4.5 6.0 7.5
E/mm 225.0 228.5 232.0
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Table 3 Experimental design scheme and results

HE Dy/D, ﬂz/(o) ﬂl/(o) 0/ D./mm Q/(m’ « h™")

1 0. 84 170 55 6.0 228.5 1 285.2
2 0. 84 165 55 4.5 228.5 1282.8
3 0. 84 170 40 6.0 225.0 1297.8
4 0. 86 170 70 6.0 228.5 1 264. 8
5 0. 86 165 55 6.0 228.5 1 258.2
6 0. 82 170 55 6.0 225.0 1419.6
7 0. 84 165 55 7.5 228.5 1249.2
8 0. 82 170 55 7.5 228.5 1 268.4
9 0. 84 170 55 4.5 225.0 1293.6
10 0.84 165 55 6.0 232.0 1271.4
11 0.86 170 55 7.5 228.5 1251.6
12 0.84 170 55 6.0 228.5 1285.2
13 0.84 170 55 6.0 228.5 1285.2
14 0.84 170 40 4.5 228.5 1 306. 8
15 0.86 170 55 4.5 228.5 1 288.8
16 0.84 170 40 7.5 228.5 1 281.6
17 0.84 175 55 6.0 225.0 1263.6
18 0.84 165 40 6.0 228.5 1282.2
19 0.82 170 70 6.0 228.5 1257.0
20 0.84 170 70 7.5 228.5 1 245.6
21 0.82 175 55 6.0 228.5 1301.4
22 0.84 165 55 6.0 225.0 1 263.6
23 0.86 170 40 6.0 228.5 1294.2
24 0.82 170 55 6.0 232.0 1 288.8
25 0.84 170 70 6.0 232.0 1263.6
26 0.82 165 55 6.0 228.5 1270.2
27 0.86 170 55 6.0 232.0 1 281.0
28 0.84 175 55 6.0 232.0 1293.0
29 0.84 170 55 6.0 228.5 1285.2
30 0.84 175 55 4.5 228.5 1307.4
31 0.84 170 55 4.5 232.0 1292.4
32 0.84 170 55 7.5 225.0 1263.0
33 0.84 170 55 6.0 228.5 1 285.2
34 0.84 170 70 6.0 225.0 1269.6
35  0.86 170 55 6.0 225.0 1275.0
36 0.82 170 40 6.0 228.5 1 308.0
37 0.84 165 70 6.0 228.5 1247.4
38 0.82 170 55 4.5 228.5 1283.4
39 0.84 175 55 7.5 228.5 1276.8
40 0. 84 170 70 4.5 228.5 1279.2
41 0.86 175 55 6.0 228.5 1293.6
42 0. 84 170 55 6.0 228.5 1285.2
43 0.84 170 40 6.0 232.0 1 306. 2
44 0.84 170 55 7.5 232.0 1272.6
45  0.84 175 70 6.0 228.5 1283.4
46 0.84 175 40 6.0 228.5 1315.8
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Table 4 F and P values of experimental design results

KR F P
%l 81. 85 <0.000 1
A 26. 30 0.000 9
B 502. 77 <20.000 1
C 285. 69 0.001 3
D 4.75 0.038 9
E 610. 13 <<0.000 1
AB 0.38 0.541 8
AC 15.75 0.000 5
AD 0. 60 0.446 7
AE 14. 95 0.000 7
BC 0. 32 0.575 8
BD 2.55 0.122 6
BE 26.91 0.000 2
CD 3. 44 0.075 3
CE 2.39 0.134 6
DE 6. 48 0.017 4

http: // zkxb. xjtu. edu. cn

R, &l oM, ZIr R EEVE.R N
0. 985, R AUMEA 18 2 AT HI o 5 A7 me 7 T ARG AL . AR
s PR 5% 0 1 114 5 e B2 B DL R B DKL 3 T s 8 A
AN Jb 2 DR 1 A X e K IR ) A A A,
WAMELE Ry 0,832, s M Ry 5.5°, HE AR 242 ok
232 mm, TEMCEEAN b 80 AL D R fr g R BT
B AR5 Rk A e e N A S B9 e i el
VA 7 R (4 45 3] 1 79 K1 g o, o T 46 e £ R A TR
{18 YU 91 BT P A 7 o 07 1) e A AL X6 [ 0 5 e e
AR A o A5 2 Y XUIR R i R B e 2 8053 0 ol - Dy =
208 mm,D, =250 mm,3 =48°,3,=169°, D, =232

-

mm,fd=5.5",

175.0—— —
1725 , \
e ‘_ \ |
. S BARE/(Ph) |
< 170.0F [ 1338 ‘ /
N ‘ 1297 )
i f ) 1239 ‘
‘ S "7 00
1675 P /1047
- 1000
S ‘ 948
165.0 — 1 1 = 1 1 ]
40 45 50 60 65 70

55
B, /()
P9z THT 45 e £k R

Fig. 9 Response surface contour map
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Fig. 12 Performance curves of original fan and optimized fan
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Table 5 Numerical and experimental results of fan noise

e/ WA/

KA 2 ‘ 7 /dB
(remin') (m®*«h")
S 813 1218 67. 2
JE R .
P 813 1245 69.5
AL
wmE/% 0 2.20 3. 40
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Fig. 14 Turbulent kinetic energy contour inside the fan
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