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Effect of axial spacing on rotating stall performance of FBCDZ-10-No20

contra-rotating fan

CHEN Qingguang, XU Yanhui, ZHANG Zhenjiang, GUO Wu
(College of Mechanical and Electronic Engineering, Shandong University of Science and Technology, Qingdao 266590, China)

Abstract: Mining contra-rotating fan are prone to rotational stall when it operates at low flow rates, which seriously affects the operation-
al stability. The unsteady flow in the full flow passage of a FBCDZ-10-No20 contra-rotating fan at five axial spacings was numerically
simulated by using the SST k- turbulence model. The effect of axial spacing on the stall process of contra-rotating fan was studied, and
the mechanism of stall inception and development at different axial spacings was revealed. The results shown that the axial spacing had a
significant influence on the initial position, type and development of stall inception. For the axial spacings of 70 mm and 100 mm, the stall
inception first occurred at the tip of the front stage, and subsequently appeared at the tip of the rear stage due to the rotor-rotor interaction
between the two stages. However, compared with the axial spacing of 70 mm, the rotor-rotor interaction at the axial spacing of 100 mm
was relatively weak, making it take longer for a stall inception to occur in the rear stage. For all three axial spacings of 140 mm, 170 mm
and 225 mm, the stall inception occurred first in the root of rear stage. The difference was that for the axial spacing of 140 mm, the leak-
age flow at the tip of the front stage cannot completely flow out of the channel with the main flow, and a localized tip blockage area was
formed. However, for both spacings of 170 mm and 225 mm, there was almost no blockage area at the tip of the front stage, and eventu-

ally only mature stall vortices formed in the rear stage. With the increase of the axial spacing, the blockage area formed by both the lead-
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ing edge overflow and the trailing edge reverse flow those originated from the leakage flow at the tip of the front stage gradually reduced.

In contrast, the blockage area formed by the radial vortex on the suction surface near the root of the rear stage gradually increased. When

the leakage flow at the tip of the front stage failed to form blockage area, the stall type changed from the “spike type” induced by the tip

leakage flow at the front stage to the “localized surge type” induced by the radial vortex flow at the root of the rear stage.

Key words: contra-rotating fan; axial spacing; stall inception; rotating stall; corner separation; tip leakage flow
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Fig.1 Schematic diagram of the contra-rotating fan
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Fig.2 Grid independence verification
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Fig.3 Monitoring points arrangement in the front impeller
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Fig.4 Performance curves of total pressure
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Fig.7 Static entropy distribution in the two impellers
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P 9 S 2 Pt 4% W I A Ak 9 5 s RS ] A 228
A B, T s A A B8 DA It S e L300, i (g
RS T, K T AR B 18 2548, T ST Y
b BT 5 AR R e P AT, Bl ag (] FE R 70 mm
I, “ORURAN” SRR A Sl e e th BT AT X
B, 25 0.25 T e, Ja 2Tt i BLR s 4R 0 3h,
AT W 00 e 4 s g Bk sl e J3E 5 T I R0 L
XN N 5 SO 9 B e R A6 P B SR AR TR i
R, X AR TR S O] G B
AT RIS . J3oh, AR 17, S8 a0kl BB
PP 0% - T A 3000 5314 1 7 ok sl 8 B 49 S i 224, g o
Fp R AR M A A P S AR R R 2, X SR R T 1A
Jo . JE7HE T I TR, g i DI AR AR i
M, & 8 AH—H,

Bl ) [A] BE Ry 100 mm B RUBL Y 2R 2 0 R 5
70 mm [ FEA—F, AFAYSE 100 mm [F]HE X
PLRTRAE 7.9 T EFEAJH, H il T PIg ez [l il ) 1)
SER B O, -3l TN el , R 2 A Y 2R 5
EAA ST Z KA H] (0.6 T) ARG 2R %, 7
A, T 2 I THS U DX A8 1] FR) 552 e 8 FEL A I ),
BV F TS I 222 80% M- b, 80% Pt i LR X4k
FEARANZZ I A R A Y200
3.2.2 #hE ) FE 140 mm

Pl 10 Sy 30T 2 T 750 7 5 Pt A T] o g T 1)
BB A . A 10a A] R, J5 AR DI BRAR
AR B 3l o325, o Bk b s it i 2k, WA
TE] P52 3 B 24 o 253 119 1/3, IH o3 B R 4
S DX FE, o BRIy BTG AR XS 1 3 2l
RSB o & 10b AR, 12T X UK AR A7 7
PRL/IN S 73t s 3 5 |2 ) I 2 i 7, AR 70 Tt s 0 B

245



2023 4F5 9 11

#EHFHK

%51 %

N

[ RIS BN %]
4L M3

3 N A Y

MI12

1 MWWM\W»WWWMMW
M1

8 9 1.0 1‘1 1.2 1.3 1.4
e R T
(a) AT 4E

JE 71/kPa

951 RGREAH S I %)

M23

= M22

55¢
45| M21
3.5 - - . . > : ’
9 10 11 12 13 14 15
Jie e e JA/T
(b) JE 4

B9 I e E R IR B R
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