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Influence of inlet distortion on internal flow characteristics and performance of
contra-rotating fan in single-stage operation
CHEN Qingguang, ZHANG Zhenjiang, XU Yanhui, GUO Wu

(College of Mechanical and Electronic Engineering, Shandong University of
Science and Technology, Qingdao 266590, China)

Abstract: In order to provide a theoretical basis for the rational selection of the single-stage operation scheme of
forced mine contra-rotating fans under inlet distortion, this study first conducted an unsteady simulation of the
internal flow field of the fan’s front-stage and rear-stage impellers operating independently by using the SST k-w
turbulence model. It then analyzed the internal flow characteristics of the single-stage operation under uniform and
inlet distortion conditions and compared the performance parameters of the fan such as full pressure and full pressure
efficiency. The results show that the influence of the inlet distortion on the flow is concentrated in the upstream area
of the front-stage impeller whereas the flow disturbance in areas from the outlet of the front-stage impeller to the
diffuser is small when the front-stage impeller is in operation. However, when the rear-stage impeller operates, the
inlet distortion exacerbates the adverse effect of the front-stage impeller as the front guide vane on the flow in the
region of the rear-stage impeller. Compared with the uniform intake condition, the two-stage impeller entropy loss
increases significantly and the turbulence of flow in the diffuser is increased. The flow loss caused by the influence of
inlet distortion in the front-stage impeller operation is less than it is in the rear-stage operation and the full pressure
efficiency is improved by about 11%.
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Fig. 1 Diagram of the whole structure of the

contra-rotating fan machine
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Fig. 2 Grid division of the contra-rotating fan
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Fig. 3 Single-stage operation flow field streamline of the two-stage impellers
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Fig. 5 Turbulent energy distribution in the axial section two times the chord length upstream of impeller inlet
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Fig. 6 Pressure distribution on the suction surface and pressure surface of the rear stage blades
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Fig. 7 Static pressure distribution on the blade surface of the rear impellers

24 HREEFHN
§ A IFISIE S 2% P o 5 0 5002 17 0 B O LR A 050 . SR P 0 6 5 B0 170



- 108 - b AR F FIRCE KA FHO 2023 4% 3

T8 A7 ¥ 5 TR SG088 K i el 1 e L B o A B X SR A . BV Z b 6 T 1) 3 G K A i 2
R 7 T I R G XSk B WA 2 SR G R B S TR R S GO e B T DX a2 R AR A R T
55 BB B RS RGP A TEY B A TR

& 8Ca) AT LA B, 24 /i G 48 e 5% 1
851 i e AL o S TR Al i N1 O = ]
DX 35 R AT R TR A AR 2 B E 1.5 A5 0K
F B ST o iR e W T (R B R
[T 3: R AU NI =
4 38 24 I T A I BEL RS VR FH B B
Pl 8 (b)) Jilr 7 11 g A8 3 A0 4% 40 0 8 70 il 1)
A b 1B 8 a) RECHH L, H 48 FiFZ
sl i R W K. X R T
W5 A AR T DT 5 e W T T 5 A i - -
SRR QLSRN OF - A = U o 1ol w1 S (a) B35 (b) B AR S

1T/ (kg * K))

R A BN 2 B e A X3 E T 2 A I 2 S HS BAMHREREFHEREBS

i 2 b AR X Ui 2 A% 5% K B A L ™ G Fig. 8 Entropy distribution in front-stage impeller operation

3/ (m/s) 1T (kg * K)) -
G dip e C15 5.1 11.718.4 25 28 35 41.5 45 48.151.4
' & ¢
By | |
|
\
| \
\
\
P
: \
\
‘ \
[
! \
\
| \
Lo | ,»’{ 4
L, LAY P -
(a) B35S (b) M 2EHES (a) B35S (b) B LS
9 M#EtbFBERRE 10 ERMBERETHEREHSH
Fig. 9 Impeller upstream passage backflow Fig. 10 Entropy distribution in rear-stage impeller operation

Pl 10 g P AR BESCAAF T o S G e B Gas A I I 4 B 3 DX TR (23 A1 e B 10 AT AL W A 3k A0
JE G R G A I TR S PO Bl R TR D 5 X R T S R M T RIS I Y S 3V S BT
Fr b S B G A B R o L R I S 4 B U X EL S R R R T R T (0« B
I - 200 35 DAY ) 30 VAT 2l 7™ B IR T B (R 3 S B A3 T R R TR 8 R X AR RE S L AT A
e i e B R D UPN U E 7z RS T CHE SN 4 R A R N U e o 3 e R R/ AL {0 1R S B i e
AU TR 32 B )5 G S 10 e iz Sl MR S i s BELAD AR b R 2 DX B A A R B R A T B
PR I 3 © AN BEAR e 0 Al 1 6 % o IS R gl bR 2 Xk URIL R 37 1) Bl 1) A o 582 Wi 5K ] 1) ke e 2 8l 5
T B A TR W fe T BORHL R DO AR E

XF LU HI S 48 5 Gz 47 7 AT 2 S S A8 B s AT I i S R DR R 1) B TR 23 A 5 A 8 BT Y
FIT 2% - B 32 A5 I DX B K I IF 8 370t DX S A i 170 9 470 20 A AR AU o 32 DR DR A e 9 DX s L
B 5 Wi B K14 2 A T 0% - e R g T A7 5 O 7 A ) T S I B R T i R B B A AT IR L IS I [ ST
IS P08 L A BEL #1153 P R At 0 1 5 0 DX o A 1 0 R T T 20 e T Ty TR
e KAE - I EL G 521 531 0 B e 0 DX A7 AE R R B I sl 7 B B G . R & e M e feh )



AR DR 45 « W 78 B 000 08 TR UL B0 20 5 A DA 3 e A e P E ) 32 i « 109 -

YUl X IR 5 it 7 s 7 100 S 2T 30 2 AV 5 R BT L A PO B0 9 2 ST PR AR
2.5 EBESTHR

HT b3 A R M A R W e KUK B A AR L e SR AL PR RE S 1. I 11 ik
TG T 08 e XUBILAE 2 20 ok ORI A2 2R U R BOas AT P 2. IUIET 11 ] DU Y o WA E 2% AR T X e
DRHLTE #5320 F) 4 s AR R IR T 34 S b AR 1 AR T 189 20 0 A 2R 1R T AT A S R i
A8 LI 4 FE A3 M REAR 7. 9200 F1 14. 1800 R AR ZY 504

2500 e A R S 55 1 ByS S AT
A, B
e i 5 S R B R i
S50 I sof - AEETURRER |
Q? = //:// T
31500 F A a5t ol
i =
1000 | : 40 +
,/.,4.\-
\-\\.\ﬂ \ —
500 1 1 1 1 35 1 1 1 1
20 30 40 50 20 30 40 50
R B/ (m/s) R B/ (m/s)
(a) & JE-TR B & (b) BT B P AR

B 11 #H55Em TS EE T X ERYE TR T &

Fig. 11  Performance curves of contra-rotating fan under uniform and distortion inlet conditions
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