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Research on Simulation Calculation Method of
Cooling Fan Performance Test

CAI Wang', YIN Mingde' ,XIAO Jie’, WANG Licheng’,XU Zhaocai' , YANG Ming’

(1. College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. Nanjing Shengjie International Manufacting Co. ,Inc. ,Nanjing 211221, China)

Abstract; Aiming at the disadvantages of high test cost and low efficiency in the design optimization process of cooling
fans, a simulation method for fan performance test based on CFD was proposed. The cooling fan performance simulation
test was based on CATIA modeling software and FLUENT fluid simulation software. Through CFD calculation, the
analysis and research of the cooling fan aerodynamic performance parameters were realized. The simulated turbulence
model used the RNG k-£ model, the rotation model used the MRF multiple reference coordinate system model, and the
solution method used the SIMPLE algorithm. By comparing the simulation data with the test data, it was concluded that
the simulation error of each performance parameter was less than 9% , and the simulation accuracy was within an
acceptable range. The results show that the condition setting and calculation method of the cooling fan performance test
simulation can meet the general engineering application, the simulation model has certain application value, and it can
be used to study the aerodynamic performance of the cooling fan.

Keywords : cooling fan ; CFD ( computational fluid dynamics) ; RNG k-& model ; SIMPLE algorithm ; FLUENT
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Figure 1  Cooling fan performance test bench
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Figure 2 Schematic of fan performance test bench
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Figure 3  Teste of cooling fan
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Table 1  Performance test results of cooling fan
e Pa ey BEREE, WA oW ﬁ%ﬁiﬁl
(r-min”") (kg-m™) (m’-h") /%
0 2733 1.191 3221.2 228.74 0.00
49 2673 1.191 2784.2 248.40 15.26
59 2 658 1.191 2 695.2 252.30 17.51
70 2 632 1.191 2 610.4 258.49 19.64
80 2 620 1.191 2523.0 263.15 21.31
90 2 620 1.191 2416.9 261.34 23.12
100 2 618 1.191 2322.2 263.15 24.51
109 2 609 1. 190 2232.0 267.03 25.31
120 2 598 1.190 2 181.2 268.32 27.10
130 2592 1. 190 2120.5 272.72 28.08
140 2582 1.189 2 048.9 277.90 28.67
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Figure 5 Mesh of rotating fluid zone
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Figure 6 Mesh of fan flow field
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Figure 7 Monitoring curve of calculation process
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Figure 8 Streamline of wind chamber flow field
3.1.2 WEXE
MG T P AR 2 — S8, A
RAEATELPRA BRI — 2 b o ML IHT A e 3
RO 9 B, S KLY R 3 7 1) A
HECAE Wt AL JE % 3 158 K kA S BRAR IR o
DXHILIE F ) 3o B A I AR B I Q8 84 K, I R AR
PARSH B TR B e KA 5 B 380 FH — BE B ST AACRE TR A,
LS A 2 5 1) o L, A 4R T ) 0 B K
/o INPEIFR AT AR HER BE A IEAT & S PRI R o
ML (mes™)
53.800
40.350
26.900

13.450

s
0.000 SS

A9 Rik@itExEH

Figure 9 Velocity vector nephogram on fan surface
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Figure 10 Pressure distribution nephogram on fan surface
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Table 2 Comparison of experimental values and simulation values of fan performance parameters

—— it/ (m’ bt Wik IH/W RS IR % e
k50 DL %/ % I DL 22/ % X5 DL %/ %

0 3221.2 3189.1 -0.99 228.74 221.94 -2.97 0.00 0.00 0.00
49 2784.2 2 603.4 -6.50 248.40 238.80 -3.86 15.26 15.14 -0.79
59 2695.2 2510.7 -6.85 252.30 247.41 -1.94 17.51 16.91 -3.43
70 2 610.4 2419.4 -7.32 258.49 254.78 -1.44 19. 64 18.46 -6.01
80 2523.0 2344.7 -6.25 263.15 262.27 -0.33 21.31 19.87 -6.76
90 2416.9 2259.0 -6.53 261.34 268.20 2.62 23.12 21.06 -8.91
100 2322.2 2185.0 -5.91 263.15 269.77 2.52 24.51 22.50 -8.20
109 2232.0 2131.2 -4.52 267.03 276.69 3.62 25.31 23.54 -6.99
120 2 181.2 2254.8 3.37 268.32 284.89 6.17 27.10 26.38 -2.66
130 2 120.5 2197.4 3.63 272.72 291.03 4.79 28.08 27.27 -2.88
140 2048.9 2071.4 1.10 277.90 293.81 5.72 28.67 27.42 -4.36
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Figure 11  Performance comparison of

fan at different working conditions
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