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[ Abstract]  First, the performance of the fan filter unit (FFU) was tested and the curve that the air volume of FFU changed with
residual pressure at different rotate speeds was obtained. Then CFD numerical simulation was done for FFU, and FFU simulation
results were compared with test results to verify the reliability of finite element simulation. Based on response surface experiment
design method, the quadratic polynomial fitting function which took number of blades z, inner diameter of impeller D), blade
installation outlet angle f., blade installation inlet angle fi. and blade outlet width b, as input variables and took air volume Q as
response variable was established. By taking air volume Q as optimization objective, multi-island genetic algorithm was used to
solve the response function and get the optimal combined parameters of centrifugal impeller structure. The results showed that the

influence of centrifugal impeller structure parameters on air volume of FFU was as follows: [2.>b2>z> f31.>D1; the optimal
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combination parameters of centrifugal impeller are obtained, and it increased the air volume of FFU by 11.4%.
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Centrifugal impeller
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Table 1 Structure parameters of centrifugal impeller
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Table 3 Results of CFD numerical simulation
FE A B c D E 0 (m¥h)
1 6 255 28 23 84  2368.152
2 8 255 28 23 84  2476.529
3 6 302 28 23 84  2257.123
4 8 302 28 23 84  2380.492
5 7 2785 18 13 84  2021.923
e 6 3'0 GIO 9I0 1éo 150 15'30 2i0 6 7 278.5 38 13 84 2519.84
#tiR (Pa) 7 7 2785 18 33 84  2210.636
B9 RiestE S Bt 8 7 2785 38 33 84  2553.851
Fig.9 Comparison between test results and simulation 9 7 255 28 23 81 2428.169
results 10 7302 28 23 81  2334.668
11 7 255 28 23 87  2634.029
3 WIRERI B S 12 7 302 28 23 87 2532378
13 6 2785 18 23 84  2059.844
3.1 Wz Bt 14 8§ 2785 18 23 84  2175.738
”ﬁ&ﬁ?f%*ﬂ'@ﬁjizl—‘)ﬁ&if?f%??%%? 15 6 278.5 38 23 84 2417.859
FSHFEAR SRR, R Z R EH 7R E R 16 8 2785 38 23 84  2547.74
AL R (FHF) SHhEs (HE MK 17 7 2785 28 13 81 224547
HHE R, REBLSEINSG 71206, BEA A 18 7 2785 28 33 81  2394.064
i1 R Ml Box-Behnken i1 (BBD), JEikHL 5 /[ T 2ms a8 13 8T 2481363
2, GAEEREAAT, U1, 0, 1) His, 20 7 2785 28 33 87  2542.817
(1 FoR AR R U EIRAI R, 0% ; ; jf; 12 i zj iigzz
RFL R, SRR R 40 RIS ’ 5 yss % 23 o4 25372258
K FH e S THT W T 7 VA 2 B O R S5 S 24 7 3m 18 84 2529.651
X FRU ARAR XU 2 M (140 7 48, et 48 2. 25 6 2785 28 13 R4 2243542
A NAE Div T 22 DA B M 2235 1) 26 8 2785 28 13 84 2332618
A Bra S B TS BE by N NAZ =, DL FFU (4K 27 6 2785 28 33 84 2355218
MR E N A E, Wit SR BUEEE LR 2. 288 8 2785 28 33 84 2450222
£2 BHEZE5KkTEE 29 7 2785 18 23 81  2081.058
Table 2 Design factors and level table 30 7 278.5 38 23 81 2541.232
e 31 7 2785 18 23 87  2320.255
S A R PN TR 32 7 2785 38 23 87  2645.975
! 0 ! 33 6 2785 28 23 81 2238382
A A 6 7 8 34 8 2785 28 23 81 2363716
e P42 Dy B 255 2785 302 35 6 2785 28 23 87  2350.784
iRt B C 18 28 38 36 8§ 2785 28 23 87  2563.385
w3 Bl D 13 23 33 37 7 255 28 13 84  2389.163
A E ST by E 81 84 87 38 7 302 28 13 84  2295.966
3L CFD $UE RIS ] 40 LR 17 BAH, 52 07 B 283 8 NI
40 7302 28 33 84  2406.335

Bt ST R NE 3.
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Table 4 Analysis of variance

H#E PR BEE B FAE PH
model 9.7E+05 20 4.8E+04 8690 <0.0001
A 6.2E+04 1 6.2E+04 11222 <0.0001
B 2.6E+04 1 2.6E+04 47.10 <0.0001
C 5.9E+05 1 5.9E+05 1051.60 <0.0001
D 4.6E+04 1 4.6E+04 82.62 <0.0001
E 1.3E+05 1 1.3E+05 23428 <0.0001
AB 56.19 1 56.19 0.10 0.7533
AC 48.9 1 48.9 0.09 0.7693
AD 8.78 1 8.78 0.02 0.9010
AE  1.9E+03 1 1.9E+03  3.42 0.0762
BC  1.2E+03 1 1.2E+03  2.13 0.1567
BD 158.15 1 158.15 0.28 0.5987
BE 16.60 1 16.60 0.03 0.8642
CD  6.0E+03 1 6.0E+03  10.75 0.0031
CE 4.5E+03 1 45E+03  8.12 0.0086
DE  1.9E+03 1 1.9E+03 341 0.0766
A% 3.4E+04 1 3.4E+04 60.82  <0.0001
B2 386.26 1 386.26 0.69 0.4126
C?  3.9E+04 1 3.9E+04 6999  <0.0001
D?  1.0E+04 1 1.0E+04  18.41 0.0002
E?  83E+03 1 83E+03 14.84 0.0007

X ENVA T BT IR Z G b, 38 5 NIRRT
BRZEGITER . EAMHK R R?=0.9859, KIEHR
ERBR, =0.9745 , BEHHSL 1, 7T AN AI
EAFBN B TTREEA = CV<10%3 IS8 1 m)
S 5R5H0 % 5 ; Adep Precision & RS 5 Al
FRILLAE, KT 4 WAL 9REALA HR09200, ) 5 1]
DAE H, W ST 5 & IR B0 S0, 150 B A5
& PERT
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Table S Error statistics of regression equation

giitmiH U
Std.Dew. 23.59
Mean 2383.22
CV.% 0.9898
R’ 0.9859
Adjusted R? 0.9745
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Table 6 Detailed parameters of genetic algorithm
SHATER SHENL ZHHE
Sub-Population TR R 10

Number of Island R 6 50
Number of Generations B A EL 10
Rate of Crossover FAT = 1.0
Rate of Mutation AR SR 0.01
Rate of Migration TR 0.01
Interval of Migration TR 5
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Table 7 Comparison of parameters before and after

optimization
Bt e YIHE RN
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HE N4 D (mm) 278.5 260
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Fig.11 Comparison of measured results and optimized
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