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Research on Optimization of Rotating Circulation Field of Automotive Cooling Fan
Tong Guang Li Sijie Yang Haijun
( School of Mechanical Engineering, Shanghai Dianji University, Shanghai, 201306 )
[ Abstract]  As the most important part of the engine thermal management system in the long-distance transportation of freight
trucks, the fan often needs to consume too much power for heat dissipation, and there is a problem of low efficiency and large
power consumption. This paper takes the general purpose fan Z-490 as the prototype, studies the performance of the fan when the
working condition is 3500r/min, and establishes a three-dimensional model. The flow field of cooling fan with or without rotating
ring is simulated. In order to further reduce the adverse effects caused by blade tip gap, orthogonal test method is adopted, taking
blade tip spacing, projection width and Angle as three horizontal factors, and fan efficiency and flow value under the same flow rate

is selected as the evaluation index of fan performance. The results show that the optimized rotating ring size can improve the

adverse effect of tip vortex flow, improve the efficiency and static pressure value, and it provides a reference for the design of the

fan.
[Keywords] Cooling fan; Rotating ring; Orthogonal test; Tip clearance
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Table 1 Comparison of simulation values and

experimental values
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Fig.6 The relationship between static pressure, efficiency

and parameters of cooling fan inlet.
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Table 6 Comparison of simulation values before and after

orthogonal experiment optimization

e 54 % P/Pa A%

SodkRT SoltfE SolkRr SulE
0.34 1770.60  1930.80  10.27 11.20
0.74 144170 147052 17.19 17.54
1.07 134330 1386.50  23.04 23.78
1.45 1268.60 13622 31.76 34.11
1.91 1082.60 117157  39.04 4225
2.50 882.00  909.66 46.85 48.32
2.99 667.60  687.60 44.67 46.01
3.67 37136 392.52 35.24 37.24

AT LS 0 A 3 R T A B i 1R AU T e il k3
BOR UG R PERE A BTy, B 7 m A, XU ST
X 4b T 0.7-1.45m3/s 2 [8], FERENHLIEH IZ1T 5L
R e R AT . B ER RS EEE 7 (a)
AL, FERE R AR AR R, X2l T X
J Kb T A AR R 2% 0 T Ji 2 U B £ 2% T PR
R 225 B, AT % T XURR &5 74 1 5 A A i ek

FrUMA R 22, TR EAT 1.45-2.5m%s 2
[, KU D& et R X, F R RN, KR
W R T ) 4 e el T UL 2 At XUTH H 25
B2 BB AN, MEBEMAEKR. YEN
1.451m%/s BF, ARAK S KU i 1362.2Pa, R
RERRTE T 7.38%; My N 1.908m’/s B, ik
Jei B XU B RN 1171.5Pa, B R IAE IR 5 T 8.21%.
AL LE 2R X RO B2 w5 1 BA A AL 5 1 XU e
BGOSR X I B . AR 7 (b)
AT, MR X AT 1.45-3.67m/s Z A, 2L
RIAYEE, WU R R X 2 f5 B X E], 3
BH 1 B 3 1R e 2 B T DA B ARG X Bl AR B 1) i
2RI R RS I 30% . 25 B P, ﬁmAﬁMM

SRR IGE T IR ST 7 A 52 M AT L 5
Tﬂﬁﬂi

%Eﬁ,EﬁTﬂﬁmﬁwi

(a) JRUR X (b ﬁﬁﬂcﬂ}*
B8 BEXTELE

Fig.8 Dynamic pressure comparlson diagram

(b) ML
9 EEEXSELE
Fig.9 Velocity comparison diagram

DRI TE R P RE LA (A SR A 7 L4

(a) JRIE R R

S8k BT oM, B 8 JoR 1IR3
I At Ol o FEFELTHEFEIA I TA LM, B IZHT
FERC, TR L AT SRR T, XA b T {6 ) th b
W o B BRI I = AR, fE R4k
W5 e Re U5 1 Jm G B KA], WA AR T
[, AR B HHRZ T 0, AL AT IR XU
DEAL S5 AR XU s 7T 147 mﬁrhﬁﬂﬁ'ﬁﬁw
TCUAAE SRR 52 BELIBRN DL 5 B XU 3 3Kt
JRURR B B A3 X, A R 5] AR A L T
ﬁﬂﬁﬂﬁ%ﬁ,ﬁ¢mmﬁﬂﬁm > A B

NIRRT ), X



38 H5 4 1

2, S PR AR R R AT T 549 -

T IE I AN, AT B2 e U (BB R
T B S R IE B o 2 T A e e
I, Xt A7 g T A2 S A B SR R B S AL e e 34
ot RS2 BE, i R A2 B e LR
I FT, TR TR K A s 22 2 S 30 B e &%
(T JEE 22 IR ALK o AE IR AL AL RIS 52 21 e e 34
AL Sy FISEFAE R, A ZHOIR XS X B i
e o R e R T T R e v ) X3, e A B 9 i
o MR 1 XU A B oy 1R Seid it
IS FRIRE 7, A BT B AU Py 2 T e 32 1 DA o
SRS ML, i BAys/N 1 I P 2 T 2 ) 5
2, SRWME9 (b) Prom. Hrhah R s X
SRR 328 By 3 FRE A e v P [X 3T AL T ] — X 3o

3 &g

THELRAR 77257 1) % e 9% 0 A BRI 7 it
AL T AWM E AR CFE . fTEAWFCH, FIH CFD
D1 BER, X KR AT IR R AT 1 R4
BERL, v J XU g5 A et 4 th 7 A R g 2
Wk, IS RIME RN T .

(D R SR A5 R SR ki, BH
TRt i s, 8 as o e s 20 1) 77 2T e A
I TE 7 B BT 1) 25 8], A 80 R S gt
At P ] B2 [ 365 T 13 PR iR I

(2) AS[R] Y e A RS 08 IR Bl PR i s e R
sz AR A, i RS X, 15 i
BN 5 U] #0620 15 R B S8R 1A S T
S35, AR R A DA BE FR TR ST v 0 XU 1 )
SUMA U 25, e TR 0 FEE 0 V8 400 R 250 1)
M LR, MR RS T 0,, B
BN S0mm, Fli[A) [N Tmm, 5 R TN
35°S e P B RS, ARAK S 178 20 XU £E
F—8HET, KSRt .

(3) Itz BB 15 VA 0 XU 2 T A B
A FTRE VAR SR ERIR A0, SR 46 XU 3 e = B 2
R =S4T, AL S B XU BT At = A 1
AR 23, sk = BIRIS), FHE e &
(R DX A HH IAE I 2R S5 G r B, sl et 22 T i 2B K
(149 X Jak s 5 R 2 K

BBk
[11 ¥ W05, 54,55 . CAD/CAE B B H [M].F 51/

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

RS WA, 2019.

Y, R T IRG CAE (7 FRUREAE TREHUR A ) S
(0] R B8 5 82, 2020,(13):187-188.

Li H, Su X, Yuan X. Entropy analysis of the flat tip
leakage flow with delayed detached eddy simulation[J].
Entropy, 2019,21:21.

Pogorelov A, Meinke M, Schroder W. Effects of tip-gap
width on the flow field in an axial fan[J]. Int. J. Heat
Fluid Flow 2016,61:466-481.

PR E LT AR IR AR, %5 3T ANSY'S Workbench 1
B BB 7 FL 9] HREEH LI TR 5#:4%,2015,33(10):
882-886.

Yadegari M, Ommi F, Karimian Aliabadi S, et al.
Reducing the aerodynamic noise of the axial flow fan
with perforated surface [J]. Applied Acoustics, 2023,215:
109720.

Park M, Lee D-J, Lee H. Tonal and broadband noise
attenuation of an axial flow fan with forward and
backward swept blades [J]. Applied Acoustics, 2022,
195:108837.

Benedek T, Vad J, Lendvai B. Combined acoustic and
aerodynamic investigation of the effect of inlet geometry
on tip leakage flow noise of free-inlet free-exhaust
low-speed axial flow fans [J]. Applied Acoustics,
2022,187:108488.

Geyer T F. Effect of a porous coating on the vortex
shedding noise of a cylinder in turbulent flow [J].
Applied Acoustics, 2022,195:108834.

Cattanei A, Mazzocut Zecchin F, DI Pasquali A, et
al.Effect of the uneven blade spacing on the noise
annoyance of axial-flow fans and side channel blowers
[J]. Applied Acoustics, 2021,177:107924.

BROKVK. =4k R BUE T ST VR BT AL (D] VE
PEAE Tl K %42,2006.

GB/T 1236-2017, T b3 )AL A 1 16 TS 1 B i 56
[S.Ab 5 Bl AR E tH b dt:,2017

F R MBI LS T 2R ARG KU B R
P R 5 R S AR B A RO T B[] 2 B A
%,2020,38(6):1047-1055.

JB/T 7510-1994, T ZZ XA Jr ik IR 28GR TA(S] AL
B N RN LR Tl 35,1994,



	0  引言 
	1  建模与仿真分析
	1.1  控制方程
	1.2  建模与网格划分
	1.3  仿真值与实验值结果对比

	2  优化设计
	2.1  正交试验设计
	2.2  极差分析
	2.3  优化结果验证与分析

	3  结论

