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Abstract

To enhance the accuracy of the simulation of centrifugal fans, a set of turbulence model parameters
suitable for the flow field of the fan was constructed. Taking the G4-73 No. 8 centrifugal fan as the
research object, the model was established, and the grid was drawn. Firstly, the sensitivity of six core
parameters in the SST k-w turbulence model to the total pressure rise of the fan was evaluated by
orthogonal analysis. Secondly, the sampling points were constructed by Latin hypercube sampling,
and the total pressure rise values of each sample point were calculated using CFX software. Then, a
Kriging regression surrogate model was constructed, and combined with an intelligent algorithm, the
function was iterated to find the optimal solution with the maximum total pressure rise as the objec-
tive. Under the optimal parameter set, the relative error between the total pressure rise of the fan and
the theoretical value was only 0.56%, verifying the significant improvement in the simulation result
accuracy. Finally, through comparative analysis, it was concluded that optimizing the turbulence
model parameters not only effectively improved the prediction accuracy of the flow field under low
flow conditions, but also significantly reduced the simulation error at other operating points, verify-
ing the applicability and reliability of this method for the full flow conditions of the fan.
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Figure 1. Steps of parameter optimization
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Table 1. Main design parameters of the G4-73 centrifugal fan computational model
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Table 2. Main structural parameters of the impeller
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Figure 2. Computational basin model of the fan
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Figure 3. Grid division of the centrifugal fan model: (a) Grid of the inlet extension section and the diffuser; (b) Grid of the
volute and the outlet extension section; (c) Grid of the impeller
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Figure 4. Distribution of y* values on the blade surface
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Table 3. Grid independence verification
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Figure 5. Comparison of CFX simulation values and test values

& 5. CFX {2l BEE XA XTEE

DOI: 10.12677/mo0s.2025.1410628 345 5 1 A


https://doi.org/10.12677/mos.2025.1410628

PROfiS <5

4.2. SST k- wiRBIH9S BB D17

AR TR G4-73 B0 RN LTERRN /NG 5 (4.488 mP/s) L Niz4Th), 1824 EHEMmIK, FER
B N I T IRE A B R . X — IR E AT SST k-0 T (1 BRI S HOK e 78 40 il B2
SERRIRANREE, TR T RLAULRS B2 S LA B A R

IR SST k-co AR AL A2 H HT T2 A58 B AL P 14 e de o A AL 2 —[13], (R A 7R, b5
1t SST k-o BERUAELC IR g G . AJ R 4iii 5 LA SO A RS e M55 2 s I A AEPERE SRR, RIS 0 43 59
Al R A R RIS, R BUSAUSS R SRR R ART[19] [20]. bAh, BN 2 AN A S E R
HEUR, BIASHREEARRS S-SRI SRR Z R BN M T AT BB,
T B A PIAEE, ik 2 R THEME N SR EReFa bR, S8 SST AL 2 A S Bl AT BUK I i 5
AT T

SST k- B S Hk %, HHPFEESHAE T B ok~ Okes Cois Guzs a1s Piv for a1 a2, HIEF]
BT SR (A (s e, W B SHOHAT A b, W R - 4. IR £
WEIE, FHAERTA S BOME R K TN &5 RABAAAE B 5, R, 7ER S BURHEZ |/, AW TN &2
HOHAT TRE, LR SEEIA S KRB R LN SH0N B ars fiv fon ar a2, FHAE CFX HH)
ERUE N 4 PR

Table 4. Default values of parameters for the SST model

5% 4. SST HHEZ S HBINE

ZH a B p B o1 az
BIME 0.31 0.09 0.075 0.0828 0.553 0.444
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Table 5. Parameters of the SST model and their horizontal settings

5. SSTHAZSHREKTERE

K = a B B P2 a az
1 0.155 0.045 0.06 0.07 0.2765 0.22
2 0.2325 0.0675 0.0675 0.0764 0.41475 0.33
3(BRIAE) 0.31 0.09 0.075 0.0828 0.553 0.444
4 0.372 0.108 0.0825 0.0914 0.6636 0.528
5 0.434 0.126 0.09 0.1 0.7742 0.616
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Table 6. Orthogonal experiment table
2 6. IEXLE

Case a1 B )i B2 a1 a2
1 0.155 0.045 0.06 0.07 0.2765 0.22
2 0.155 0.0675 0.0675 0.0764 0.414 75 0.33
3 0.155 0.09 0.075 0.0828 0.553 0.444
4 0.155 0.108 0.0825 0.0914 0.6636 0.528
5 0.155 0.126 0.09 0.1 0.7742 0.616
6 0.2325 0.045 0.0675 0.0828 0.6636 0.616
7 0.2325 0.0675 0.075 0.0914 0.7742 0.22
8 0.2325 0.09 0.0825 0.1 0.2765 0.33
9 0.2325 0.108 0.09 0.07 0.414 75 0.444
10 0.2325 0.126 0.06 0.0764 0.553 0.528
11 0.31 0.045 0.075 0.1 0.414 75 0.528
12 0.31 0.0675 0.0825 0.07 0.553 0.616
13 0.31 0.09 0.09 0.0764 0.6636 0.22
14 0.31 0.108 0.06 0.0828 0.7742 0.33
15 0.31 0.126 0.0675 0.0914 0.2765 0.444
16 0.372 0.045 0.0825 0.0764 0.7742 0.444
17 0.372 0.0675 0.09 0.0828 0.2765 0.528
18 0.372 0.09 0.06 0.0914 0.414 75 0.616
19 0.372 0.108 0.0675 0.1 0.553 0.22
20 0.372 0.126 0.075 0.07 0.6636 0.33
21 0.434 0.045 0.09 0.0914 0.553 0.33
22 0.434 0.0675 0.06 0.1 0.6636 0.444
23 0.434 0.09 0.0675 0.07 0.7742 0.528
24 0.434 0.108 0.075 0.0764 0.2765 0.616
25 0.434 0.126 0.0825 0.0828 0.41475 0.22

LLCEX AT &, $5iE G4-73 KWL =i, JffE 25 S HA & TRUOR MR BRI Rl 7
ik B IR B, O SST k-oo BRI 24 SR H SN 2 I THE A 9tk
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AR STHEIE T, R0 BREW BUONHER M 2] i) SST it A5 14 2 4038 (A RESR B A 52 R
. Hik, ASCHAESEIRILS E RN I BoR RS HE R, AEOULE BUR SIS 0 AT 45
FHEW S, DAORED SRR S RERE 43671

K & SHO AR THERZ T, [EIEL 7. RP KRR ESHAERKCE T X RARFME R E . B
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Table 7. Analysis of the extremely low sensitivity of each parameter to the increase in total pressure

® 7. BEYNEEFHEBREREST

K1 K2 K3 K4 K5 R BEMHT
a1 1611.2 1637.72 1780.32 1835.19 1809.11 223.99 2
s 1896.75 1758.28 1695.01 1665.42 1658.08 238.67 1
i 1715.93 1720.28 1710.77 1751.96 1774.6 63.83 5
Be 1689.8 1730.19 1753.53 1749.36 1750.66 63.73 6
a1 1777.03 1751.33 1732.86 1734.04 1678.28 98.75 3
a2 1758.73 1686.46 1728.37 1747.21 1752.77 72.27 4

N T IRANRTEAE B 2 T XL A R THEVERE RSN RE B, 2E 1T ) S BURE 7 A AL A e i 2
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Figure 6. Orthogonal experiment results: (a) The difference in total pressure for each parameter represented by a column graph;
(b) The average total pressure for each parameter shown as a line graph
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Table 8. Sampling feasible region
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Figure 7. Sample scatter plot
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9. REILEFELERILE
i, A——2 Kriging-SSA BEA AL TN G 42 K FHE s B——FIF 2% 9 Rt 2804 CFD Al 4
FEFHE; C——SST k-0 BRINSE B I & ETHE; D——iRKAH
45. BESRIANXTEE S

s
™ Turbulence Kinetic Energy.Gradient

Turbulence Kinetic Energy. Gradient
3000

i_.‘l B Iy e

© @
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Figure 11. Comparison chart of total pressure increment under different flow conditions: (a) Comparison chart of total pressure
increments; (b) Difference chart before and after parameter optimization
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