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Axial Force Analysis of Centrifugal Refrigeration Compressor Based on Numerical Method

YiKexin Zhao Yuanyang Wang Chun

( College of Electromechanical Engineering, Qingdao University of Science and Technology, Qingdao, 266061 )
[ Abstract ] Centrifugal refrigeration compressors are widely used in commercial air-conditioning systems, and the gas
suspension of rotor is an important development direction of centrifugal compressors in the future. But the bearing capacity of gas
bearings, which bear the axial force on impeller, is smaller than that of traditional bearings. Therefore, the axial force of the
shrouded impeller under full working conditions is simulated with the CFD numerical method. The numerical results are verified by
the theoretical results. The influences of pressure ratio, flow rate, rotating speed, and seal diameter on the axial force are analyzed.
The results show that when the compressor is operated in the steady working conditions, the axial force of impeller decreases with
the increase of pressure ratio and the decrease of flow rate. But when the working point of the compressor is near the surge and the
choked areas, the axial force of impeller increases. The axial force of impeller decreases with the increase of rotation speed. The
error between the numerical calculation and theoretical calculation of the axial force under design conditions is only 4.4%,
indicating that the CFD numerical method can be used as a reliable method for the calculation of the axial force of the centrifugal
compressor impeller.
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Fig.1 Distribution of axial force of impeller
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Fig.2 Impeller and leakage model
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Fig.3 Diagram of impeller and leakage calculation model

R H BN VRIS s A 56 ABLEUE
H 355.78kPa, AR 6.5°C, i IF# RARHE A
AR THBCE . feds Fea it 3R A & v e
ER. Ol dEPEE . RS A SR I i b B
T, AR R . SR — Bl XS s =X,
BLERIEN 1.0E-5,
24 JEJioAi

EHUHE U 355.78kPa,  HE LI E 4 HIA
2.8kg/s\ 2.4kg/s\ 1.6kg/s (I =Fh THR, XTH-f4e
Hhy R A BETANH-AC R4S L F6 o SMEETH 1570 7>
ATREAT 7347

LR 2.4kg/s IS HORE A AR T AR K 7 0
ATl 4 Pz, WUV, R ANEET 5 ) M
oA RV BT K o F = L T R A A BE T ) e

JIbEEAR AR A i A 5, AR AT LA Y, i
FERCALAMEE 5 7] 5 I L R AR R .

§#E/Pa
4.818e+05
4.730e+05
4.642e+05
4.553e+05
4.465e+05
4.377e+05
4.288e+05
4.200e+05
4.112e+05
4.023e+05
3.935e+05

4 MRREINEFMBENSHE

Fig4 Pressure distribution on the outer wall of impeller hub
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Fig.5 Variation of pressure on outer wall of impeller hub

with radius
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Fig.6 Pressure distribution on the outer wall of impeller
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Fig.7 Variation of pressure on outer wall of impeller
shroud with radius
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Fig.8 Pressure distribution on inner wall of impeller
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Fig.9 Pressure distribution on inner wall of impeller hub
2.5 Hh ik Eas Ko b

T AR SCE B AL AU, P R AR X kgt AT T o
B, P UATH SR A 7] I 2 T gt 1 B T 2 1
e A7 o PR OL, A F=PeS THE SR
HE FUBETH T 52 40117 7724 147.9N, CFD UfE 115
BN 54 1] 70 526. 7N, A A 2 1) 4
17124 674.6N.

E R TS B A7 J7 00 644.9N, T
HA2 I Fe aa O R e Fe Ao PR, BUE THE S G
THREIRZE Y 4.4% . ] DLIGAIE, HUE R4S
REA —E MR E .

v % S N O76F Co Js 48 B Al 1) 19 BEAT I
Wt SR, oAl Ee TS A IR 5 e A Rk
Z2NT 5%, Y BIBRIR TR AT A B0 R 4 A L
SRR KPS . Shi Weidong &5 A I8)i F 44
AEAE IR IR H 2R (Kb ) 77, AP A I A
LR, R A, IR 208 0.3~
5.9%.

CFD #f8 i+ 545 1 5 P vF 508 A1 U6 ) &
{E IR ZEARBN  RIEUE T A5 R A — 2
FAVE, AR ol v i 4 AL e g Tk S5 ) — Fefr]
ST

3 HRA
3.1 EARNURRE 4

500 A8 ML 1 2 s B TS O FR R HLAR T
BLPERE, EIRMITIR B T SR L0 R 4E L 1 e
FaE TARJE RS, RGNS TEH] A8 T
PERE A B BLARIEI200, AR CFD $U{E ikt
BT SRR FGE N R AENURE I 2R, Wil 10
v

—e— 24000r/min
2.49 —4— 21000r/min
—=— 18000r/min

!
/
/ FasE THIX
_A:‘ll.8< )
]ﬁr !
o /
1.6 1
!
1.44 1
!

T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0
WiQ (ke/s)




$35EH 3 KA, . TR B0 EIA R m 1 8UE S
Mr +375 .
B 10 BOEmENFEh 24000 221 428

Fig.10 Centrifugal compressor characteristic curve
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Fig.11 The axial force of the impeller changes with the
flow-pressure ratio
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Table 1 Speed, total pressure ratio and axial force change

when the flow rate is 2kg/s
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Fig.12 Change of axial force of impeller with flow
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