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Abstract

This paper takes an impeller of a centrifugal compressor as the research object, and uses the CFD
numerical simulation method to study the effects of variations in the distribution forms of blade
angles at the blade tip and blade root on the performance of the centrifugal compressor. The re-
search shows that the faster the blade angle changes at the blade tip and blade root inlets, the wider
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the blade throat area, the further the choking flow shifts to the right, the greater the load at the inlet,
and the smaller the total pressure ratio of the impeller. When the variation of the f value at the
maximum load point of the blade tip is within 5°, an increase in the g value leads to a slight right
shift of the choking flow and a small increase in the total pressure ratio of the impeller. When the
variation of the B value at the maximum load point of the blade root is within 5°, an increase in the
p value results in a rapid right shift of the choking flow and a significant increase in the total pres-
sure ratio of the impeller.

Keywords

Centrifugal Compressor, Numerical Simulation, Blade Angle Distribution

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5l

ROV WA E RN = P RS KT W & e s X S s @ W AN I NI /o <0 O (e 5 P PR e =
RMUEHR, I RAMA TR, #AR 2. A, BOESNAMIREN AR =4, W+
R, HELHR I USRS EA 8L, B A ZEaE AT KB I FORKAE B O 5 U LT 2405
TSN R R FERZ B LR UTBHS80h, WA e ROV EE . HAl, cafii
LW TEEE T B0 L A AR LA 45 R RS EEAT TR ISR AT T 4 A R 0 R RS 2 A
BUEAS RIS 6] o R PR RE A2, R BUAE S5 25 A IR, Rk & /N T RS 3l i
T8, NET BRANIRIL & A o MR [21E IR R T 5 TR 5 S RTES 00 S B ARG KR, 15
PR RIS, JE e R LR T AT M4, HR R SRR K T A S R aiie. K315
—AKIE Y 5 A s B O AL, Sl BRSO B RS AR R AR O, e T A
AR AIHERE . LA S B, B TS B EE AEROT RS M, AR TR R
RSNV RERI A8 . EAERI[AJEEHTFE 1 e A DV BCBURE R VR RE RSN, R IS 25 e th
B e e 75 TR BURAT B T B0E M R ISR O, STt ISk RE, (HRBURIL R &7 A RBCR, HIfFAE
— A B HEABURE A A A T L RO AL, IXAMBTRE A 5 (1 R 7 R I RS AR S AR e A )
Ao

Pekka [5]4f bb 1 MR AT b ity #1 A4 il AN [ 1) =ty £ 20 A T QR IS AL (B 2%, A Bl
WRG I RIGSIBRACI LA T 00T IRCR AR LB, 3t LV f A 2 18 K 7 SRAE /N R RCR Bk,
HE I AR IR 1 75 Z7E K 203 58 K . Duccio [6]AR4E A Mt 77 &, g ik i oA o,
KRR LM LLBOR ) B R At Aol HLAv ity i 2 70 A i sl B TARVE . Kim [71XFEL T
AR R A A R AR R (52, B A S TR OO, R RIOIOR

DRGNP 7E, By o B0 I SHULPE RE RS AR 3K, Rk, ASCRE T A 1=
#8 DX 2 AR T AR B SHUE BE T SR I RE AT BT T, VEAR M it Ay A1 B AR A7 T AR RS T UL
PN BRI B F T R RS2

2. RRMFREBERRSGZE
ARSI GORHEPARER LA B0 AU, e R AN 1 BRI R BB HR 1R,

il

DOI: 10.12677/jast.2025.134016 146 ] e 2 i R R


https://doi.org/10.12677/jast.2025.134016
http://creativecommons.org/licenses/by/4.0/

D

Table 1. Main parameters of centrifugal compressor
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Figure 1. Centrifugal compressor impeller
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Figure 2. Calculation results of pressure ratio for different grid quantities
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Figure 3. Calculation results of efficiency for different grid quantities
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Figure 4. Comparison of CFD and experimental results for Krain impeller
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Figure 5. Comparison of inlet distribution forms of blade angle at blade tip
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Figure 6. Comparison of passage areas
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Figure 7. Comparison of pressure ratio characteristics under different distributions of blade angle at blade tip inlet
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Figure 8. Comparison of efficiency characteristics under different distributions of blade angle at blade tip inlet
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Figure 9. Distribution of relative Mach number at 90% blade height
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Figure 10. Comparison of blade surface load distribution at 90% blade height under different distributions of blade angle at
blade tip inlet
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Figure 11. Comparison of distribution curves of blade angle at blade root inlet
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Figure 12. Comparison of passage areas of quasi-orthogonal blades for case 4, case 5, and case 6
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Figure 13. Comparison of pressure ratio characteristics with the variation of blade angle at blade root inlet
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Figure 14. Comparison of efficiency characteristics with the variation of blade angle at blade root inlet
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Figure 15. Distribution of relative Mach number at 0.9 blade height under different distributions of blade angle

at blade root inlet
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Figure 16. Entropy distribution of s3 section under different distributions of blade angle at blade root inlet
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Flgure 17. Comparison of variation in the value of the maximum load point at blade tip
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Figure 19. Comparison of total pressure ratio characteristics case 7, case 8, and case 9
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Figure 20. Comparison of efficiency characteristics for case 7, case 8, and case 9
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Figure 21. Comparison of variation in the blade angle value at the maximum load point of blade root
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(c) case 12

Figure 25. Flow field distribution at different values of blade angle at the maximum load point of blade root
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Figure 26. Blade surface load distribution at different blade angle values of the maximum load point of blade root
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