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Influence of Inlet Guide Vane Load Distribution on Aerodynamic Performance of Small High-pressure Axial Flow
Fan

LIU Yang, SAI Qingyi, XIAO Guofeng, ZHANG Jiangtao, YAN Yonghui

School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China

Abstract: Objective In order to optimize the aerodynamic performance of a small high-pressure axial flow fan, we
proposed to study the different load distributions of the inlet guide vane and dynamic vane to find the suitable distribution
law for aerodynamic performance optimization. Methods According to the different load ratios of the inlet guide vane and
dynamic vane distribution, the corresponding inlet guide vane prewhirl angle and dynamic vane installation angle were
designed, and the fan model was established by using Pro-e 3D modeling software. Through numerical simulation, ICEM
was used for grid division, and appropriate governing equations and boundary conditions were selected in Fluent solver for
calculation. The aerodynamic characteristics, pressure distribution, velocity distribution, turbulent kinetic energy
distribution, and internal flow field of different fan models were studied and analyzed. Results In the design of small
high-pressure axial flow fans, the inlet guide vane bears different loads due to negative deflection, which has a great
impact on the aerodynamic performance of the fan. When the airflow prewhirl angle of the inlet guide vane varied within

the range of 30 °~50 °, near the design condition, the smaller the negative prewhirl deflection angle of the inlet guide
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vane, i.e., the smaller the design load ratio, the higher the overall pressure coefficient of the fan. At the design operating

point, the difference in pressure coefficients of the five fan models could reach 9. 54%, and the difference in full pressure

efficiency of the five fan models was 2. 49%; when the airflow prewhirl angle was greater than 30 °, i.e., the design load

ratio & exceeded 32%, the pressure coefficient of the high-load axial fan gradually decreased from 0. 332 to 0.303, and

the full pressure efficiency also showed a decreasing trend. Conclusion When the inlet guide vane prewhirl angle is

controlled within 30 °, the pressure gradient in the middle and rear of the blade is small, the velocity gradient in the

circumferential direction is reduced, the boundary layer separation at the trailing edge of the blade is improved, the gas

flow is stable, the airflow distortion at the inlet of the rotor vane is reduced, and the flow loss between the inlet guide vane

and the rotor vane is effectively controlled.

Keywords: small axial flow fan; high-pressure coefficient; load distribution; aerodynamic performance

1 51 5

R R R RWBLEA R 0 =i i, (0 KL
PEAFAERGT BRI it A 2 A B, IO /N 5 e A o
XU FRIBEHEE i3 Ry — SRR ik A5 R A AF 5 o A5, 491 G A FR
23 [A] P9 38 KU Tk 3m B4, FEad R imFss 1R
LG B XA R R A 0 Sl I KL AR S 6
Sy BIFGE R T SRR X St , R JE R i s T4
ORI AL T, AN 2 S pR 4 e A7 8 H/INift i
SR RWPLB TS X AR BT S N sl
FRIREEHY P2 T B R AR A R K
T O RERRE R T L (R A R A RS N RSH
T AR XL G, AR S RAIL ST At T 153 L
HA—Z WS E, Pk 3T MATLAB 4l X
MLBET &, B T — &R 1015 89 & 00 4l i K
ML, X MLETT TS IRk o) fae, ARG
FEET X i 7T 5 1 XRS50 A
SRR D] | T He 4 5 SR O Sl AR 38 A ol LA
oA, ST e Sty KU G Ak, kst 1 3 e o T
JE RS A B BRI T sk PR T RE TAE
G UERA T UA i 200 A0 B SR s A B
SR KB e E B AR R TE, A R
YIWFE T i R A R T AR SR R R , 43 b
TR TR RS s e A P Tl
VERE GPERERFENN , S T Bl i Ae 1w i shaloR i
THE—GEEA 1. 20, 2805 RECH 0. 83 HIT XML, 45
T R AR KB = SR B F R S AR SR S
B AL 4 A IR R T 2 AL S,
T TP E AL v M R KWL S5

e v R I XU 38 R R B 1S el ]
A ARSI AT R 67 SRR (R R3CR, , E— 25 £ Tl
TR B 7, DR e 0 11 5 i AR 0 5 2 1 v v R il
TRFHERER R E Jy 72—, /NP BF5E T g
T GE KHLAYEER , X RBL S RESEA T T LB A 5T
PR T HE O St e 2 A AR A KL Bl M R
BsE |, &I 0 S 5 b Ae D e | 4 5 J S e

[ G R N A O W R a7 R A e AL = i =
S B A AR A I R A XU I AR LA
shF el PR XL A BFFE T 42, Bt T AR A Bl ) | &
A EMFRENRKEE ST, kM T KER
AT R B AR VR F DL T ALK R
SPERERIRZ I, SR AL T XL S it a5 i p AL e B, 28
—BHEET A T RS R R A g 3 XPLE R
[l Eg it e 2 fp Ak 0 S k2228 /T s e RE
ZE IR T St o] PR R KL 4 R R S
B Stk O 2 26 A AR Ak e & AT A 8y | et
A7 1 ke il KL 5 7 3 R K R is 1, g
SRR TR e A R AS S B S A R R 5 A0S R %
VAT X RUAILE BB AR 2 i i Ao ek /N S S PR S A HEIR
TARTRI BV KT AR R A BT R, KL
BT A b AR B 2 AR FE 2k 8 1T 7 1k, N AE R B e
R b B AT AR B AV, S BILE S B 5 i %
KSE %8 7 J5 & KSE MR (5200, & 30024 KSE 2%
B RENEHE = UA B AU ER I mT 8 il g UL B 2 3 1 E
HXFRHLBCR A S M /N, 45 T KSE M F i) fedE 1%
T E SR T b R AT &

AE VL e e gt XU 2 11 S i fR A 5, DAAR
GR EIE AR T TR XS B Y, 4 AR
ARG T AR S A S S5 SR LR,
Song " RIS T Fy i T R AL IXUBLA ZEL R A T L
AOTEE, Zha T BESE T R A Bl 288 A R A Y
JES R A2, AR SO 3 B A 1 il XU Bl i
TR, ABAER P+R+S 2544 Ry J6 4, 7E AR IR 48 B4R |
RBEAR e TE R A9 RSF ZESR s, DL TR R
f= RN TR W 1 S 1 S i R 1 b [ 7 N =
A 43~ FE A0 532 0] /N TR v e i IXUBE PR P RE
2 BfHB B
2.1 Bl

DAKE B2 5 Tl 3 XU R 0F 9 3 4, XL e 8
B I i N % N 7 s R S o) RS 1 ) L =
SR = AR NE 2 iR, R RR AL B AR St



%34

X4, % 3 B R AT B X B R R KR RS R B R R AT 11

RBATSHANE 1 PR, ARSCESE I EAR BT S8
Bl JOP AR 2 F T AR 2 1S 5 Bl it
BT B A EC L), A SO H S R e R B 2
ol &, s SdT s f AB=B,-B,, s TR 2 .
Horbr, Py D JEASRY, 55 A 4 RRRE DAy 23 551 141 B 0 11 S
TURE A IMIBA 5 © .10 ©, RO 1k 0 S 4 42 0 J 1)
SR R H A

I | I
TS0 ot S

1 FEXEEE
Fig.1 Model of original fan

Coy Clu u
2 EE=RAETEE
Fig. 2 Schematic diagram of velocity triangle

®1 REMHRSH

Table 1 Original impeller parameters

P # A

"4 B 4Z2D,/mm 120

W AFED,/mm 94.8
wt TR 4] [ 6/ mm 0.5

%t 45k n/(r - min™") 5 800
FHRE Q/(m’ - h™) 230
&t E A P,/Pa 600
K4 & 5L B dy/mm 94
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Table 2 Design parameters of five fan models

BEAL 4 AR FrrEAT &% TR AB
P, 32 30 ° 23.4°
P, 39 35° 21.0°
P, 46.7 40 ° 18.8 °
P, 55.7 45 ° 16.6 °
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2.2 [ARERISY el SEPESS IR
KH] ICEM CFD #f%f 3 38 46 it 37 26 47 ) A% Kl

O AEBHERAUTT 5 R, O PR TS T SR SE R T
JRUBSI AL AR 358 1) 1 0 DRI 11 X, TF B4 S 5 A
p BECURIS B g9 R IX 0 1 X Bl i e IX %
R DX R A R A I A 3 R FH AR S5 R AL T A%
K053 o T XU BRI 3 Y S AR 6 R o
I AL PR RS I o 4 R R A 3 R

IR

B3 MigxlosER
Fig. 3 Meshing result

IR KB ) R EOe T 5 A5 SR T oG, B R A
FRICTHE 25 R AR e RN SR S5 SR 1 73 A IE A, 7R 1%
TR AR50l 332 T3 .494 75,635 T3 747
73926 JTRYARRY P, HEAT T RUEARL, 4558 TR 3,
MR BGRF] 635 T1 B, KU 4 R 5 SR I BLLSE
PEENAAR A /N, 7 G R V53 W 850 /) | PTG o 26 6 iR
635 J1 1 AR H AT

F3 MELXERIE
Table 3 Validation of grid independence

R #3077 4 JE Pi/Pa T LY
332 522.8 0.578 7
494 525.1 0.579 1
635 528.5 0.580 9
747 528.8 0.581 2
926 529.0 0.580 8
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Fig. 4 Comparison of fan performance curves
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Fig. 5 Pressure distribution on suction surface of inlet guide vanes
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(c) P,y

(c) Py



ERIWAFFR(EAFFR) %41 %

14
Pressure Pressure Pressure
Contour 1 Contour 1 Contour 1
8.000e+02 8.000e+02 8.000e+02
16.100e+02 16.100e+02 16.100e+02
"4.200e+02 14.200e+02 "4.200e+02
2.300e+02 2.300e+02 2.300e+02
4.000e+01 14.000e+01 4.000e+01
—1.500e+02 —1.500e+02 —1.500e+02
-—3.400e+02 -—3.400e+02 - —3.400e+02
-5.300e+02 =5.300e+02 =5.300e+02
-—7.200e+02 =7.200e+02 ( —7.200e+02
-—9.100e+02 -—9.100e+02 - —=9.100e+02
-1.100e+03 '~1.100e+03 —1.100e+03
[Pa] [Pa] [Pa]
(a) P, (c) Py
Pressure Pressure
Contour 1 Contour 1
8.000e+02 ] 8.000e+02
6.100e+02 6.100e+02
4.200e+02 4.200e+02
2.300e+02 2.300e+02
4.000e+01 4.000e+01
-1.500e+02 -1.500e+02
-3.400e+02 -3.400e+02
-5.300e+02 -5.300e+02
~7.200e+02 =7.200e+02
-—9.100e+02 —9.100e+02 o
-1.100e+03 ~ ¥ -1.100e+03 ‘
Pa Pa
(d) P, (e) Py
B7 HMEAEENSH
Fig.7 Pressure distribution on pressure surface of rotor blades
or 0 -
— P] __P1
-50 — P -50 —P,
—_— P5 ——P5
-100 ~100 |
-150 1 _150 F
£ -200f £ 200}
2 ol 5
4 =250 i 050 -
-300
-300
-350 1
=350 1
-400 |
-400 [
_450 1 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0 _450 1 1 | I 1 |
x/b 0.0 0.2 0.4 0.6 0.8 1.0
(a) 0.15 {50 Wb
(c) 0.85 &Rt
0r N o .
—p, B8 #OSHREHELTH RS
-0 :gz Fig.8 Blade load at different blade heights of inlet guide vanes
~100 | 3.3 WA Y
-150 1 B9 J& 5 A KUt A5 Y 3 11 52 R Bl 22 ] 7R
= —_ » s ) N,
g-00r 0. 5 A8 i e &b 1) B8 O S I S x Fe T LUR B, BE A
=50 LSRR 0 11t R A O 2 L
~300 JUHE AEE RT3 TR RN A i Bl T
-350 HE TR Fht Z (B TR R S O X T
a0 SR BIEK B T 30 1A SR PR 3D
—450 — . : : : ' X I 11 Wi 2R 2 I XU i AT A R E M, S BOXL

0.0 0.2 0.4 0.6 0.8 1.0

(b) 0.5 M5

Fi BOTERE T R



%34 X4, % 8t

i 0 ot H o B/ AL R O U RS MR B R R A R 15

(d) P,

(e)Ps |

B9 #HOSMHSEHSEEXER
Fig.9 Velocity vector diagram of the inlet guide vane 0. 5 times of blade height
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Fig. 10 Velocity distribution of the inlet guide vane 0. 15 times of blade height
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Fig. 11 Velocity distribution of the inlet guide vane 0. 5 times of blade height
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Fig. 13 Turbulent kinetic energy distribution of the inlet guide vane

4 &5 ©

T /N g s Al XU v o 1S A e
I AR FE A 28 fof AN TR), %o XU B Pk e S e Kk, 7R X
T BUBRT , 3 11 S I 67 0 O A A /N, B8 28
eIy, RURS H R R Ty R RO i, e e AT T
P AT A BT 30 o, RIS T3 el ¢ Mt
32%It , i f far il KUBR 1 R B 0. 332 3B 4 T 3|
0.303, & JRRCR 2 T RS Bt 1 5 S0 BUE f
FEANEE L 30 °,

BUERAN S5 2 BH . JF 11 T <0 0 T € 7 B A
i 30 o, R R RS R R R R AN (B JE ) L ) s
RS USSR A B B T 2 A B AR B M, AU
WEERR, FRAR 7 S ok 1 B S AE A A Tk
1535 gl 2 [ (A 3 s 2%

i}%ifﬁk(ﬁeferences) :

[1]  ZEstil, TR Lz, ARRTR]. /INEY ey /N s A i o R L 15 3 3
BT, FARHLIE, 1997(11): 21—24.

LI Jing-yin, ZHANG Yi-yun, QI Da-tong. Design theory of
small axial fan of high pressure small flow[]]. Fluid
Machinery, 1997(11): 21—24.

[2] ki, FR 2 0, PNGRE. Bl o S KUML Bt (] Ha
RYTHE, 2018, 34(1): 54—55.

YAO Wu, XU Hui-jian, SUN Qiang-sheng. Aerodynamic
design of a high load axial fan[J]. Power System Engineering,
2018, 34(1): 54—55.

[3] ZEZNZ, WM, XUPE, 5. a] 458 i 5 B AR A 5 e 00 £ Al e

WU e BT i B9 R (1], 30 00 TR 44, 2019, 39
(7):554—561.
LI Jie-ling, CHEN Huan-long, LIU Yang, et al. Aerodynamic
design optimization of a high loaded axial-flow fan based on
curvature control technique[J]. Journal of Chinese Society of
Power Engineering, 2019, 39(7): 554—561.

[4] EFAE, TH, ARAR, 4. w5200 fuar i i A8 7 il in KUBL
KB SHOE RS =4 R BOR[T]. ABLECR, 2018,
60(2):25—33.

WANG Song-tao, DING Jun, ZHU Wei, et al. Aerodynamic
design parameters of high-efficiency high-load high-pass
capacity axial fan[]J]. Chinese Journal of Turbomachinery,

2018, 60(2):25—33.

[5]

[10]

[11]

[12]

[13]

/N B gtk it 2l KUBIL S 22 A s PERE Y 5
MW [J]. Bk %A SR, 2011, 38(4): 70—72.

YUAN Xiao-ping. Influence of guide vane installation angle on
aerodynamic performance of single-stage axial flow fan []].
Mining Safety & Environmental Protection, 2011, 38(4): 70—72.
W27 B, AR, AR B — 2 X W sl T
TAMLPERERIRZNR[T]. 3h ) TAEAHR, 2014, 34(3): 228—235.
YEXue-min, LI Xin-ying, LI Chun-xi. Effects of first-stage
guide vane improvement on performance of two-stage variable
vane axial flow fan[]J]. Journal of Chinese Society of Power
Engineering, 2014, 34(3): 228—235.

AW, F, AT S Al A A e KL

SIPERERFIT[I]. 1 &, 2014, 43(8): 64—70.
LI Yi-ming, WANG Lei, LI Bao-kuan. Aerodynamic

performance of stator/rotor adjustable axial flow fan with
meridian acceleration [ J]. Thermal Power Generation, 2014,
43(8): 64—70.

B, 7R, AR e G KU TS AT A 7 R R Y
BUEAFFE[T]. PUdE Tk K 22284, 2017, 35(S1): 55—62.
LEI Peng, JIN Dong-hai, GUI

investigation of a variable inlet guide vane with two rotating

Xing-min.  Numerical
segments in a highly loaded two stage fan[J]. Journal of
Northwestern Polytechnical University, 2017, 35(S1): 55—62.
SPUIE, XS, KSE 2 B Al it WLl 1 BE #2 il 1) 2
ST RBLEEAR, 2020, 62(S1): 11—15.

WU Kai-xuan, DENG Hui. Numerical analysis of KSE device
on the aerodynamic performance of axial fan [J]. Chinese
Journal of Turbomachinery, 2020, 62(S1): 11—15.

BN e U e Y R R R AN SR S a N M e
a AR, 2013.

NIU Dong-xia. Optimization of adjustable blade axial flow fan
with rear guide vane[D]. Beijing: Beijing University of Civil
Engineering and Architecture, 2013.

DONG H S, LIU P H, SHAO H L. Performance model
development for the adjustable blades axial flow fan based on
multivariate polynomial fitting [J]. Applied Mechanics and
Materials, 2014, 3546(672-674): 1584—1587.

Al H Z. Simulation analysis of adjustable movable blade axial
flow fan[J]. Advanced Materials Research, 2014, 3227(945-
949): 236—241.

ZEDCE AL M. b5t AUl AT, 1981

LI Qing-yi. Fan[M]. Beijing: Mechanical Industry Press, 1981.

votEgwdE M



