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Figure 1 (Color online) Flow chart of probabilistic-interval hybrid reliability analysis based on response surface.
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Figure 2 (Color online) Turbomachinery fluid dynamics test device.
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Figure 4 (Color online) Unstructured mesh model of fluid machineries. (a) Overall grid diagram; (b) partial enlargement of impeller vane and rear

guide vane.
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Table 1 Calculation results of fan performance
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5 itk (m’/s) #IE (Pa) £ /% (Pa) B & IR (kW) &1 28
1 4.510 1966.6 2094.8 71.4% 13.2 0.186
2 4.700 1922.2 2061.5 71.9% 13.5 0.183
3 4.935 1768.0 1921.5 72.7% 13.0 0.171
4 5.225 1524.3 1696.4 71.0% 12.5 0.151
5 5415 1355.3 1540.1 69.3% 12.0 0.137
6 5.643 1131.6 1332.3 65.8% 11.4 0.118
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Table 2 Results of DOE for fan performance
MASH i 2%
75 . N
B v R (mm) n (r/min) &P (Pa) Ei &S]
1 40.8 0.720 217.3 2930.0 2039.0 71.95%
2 39.36 0.709 214.3 2914.0 1953.9 73.42%
3 39.60 0.731 216.3 2943.3 1808.6 71.66%
4 39.84 0.724 236.3 2911.3 1859.2 72.12%
5 40.08 0.711 2223 2940.6 2067.5 73.04%
6 40.32 0.714 228.3 2948.6 2096.9 72.76%
7 40.56 0.716 218.3 2930.0 2064.8 72.68%
8 40.80 0.718 220.3 2935.3 2061.2 72.10%
9 41.04 0.729 2243 2922.0 1995.5 72.25%
10 41.28 0.733 232.3 2927.3 1969.4 71.58%
11 41.52 0.705 234.3 2916.6 2097.9 70.43%
12 41.76 0.720 226.3 2946.0 2148.0 71.03%
13 42.00 0.735 208.3 2919.3 1955.8 69.79%
14 42.24 0.726 230.3 2938.0 2080.2 70.01%
15 42.48 0.707 210.3 2924.6 2205.5 70.13%
2000
g;;g . 1950 M%%%ooo
M 0.730 w & 1900 %oo%
@é 0.725 °°o00000 % 1850 °<><>%°
0720 0,
oms] %%%%%% 1800 o 0000000000000
0.710 1750 x r r r x \
0.705 0.710 0.715 0.720 0.725 0.730 0.735 0.705 0.710 0.715 0.720 0.725 0.730 0.735
BERLL (v) HERLY (V)
B 6 SR E R RIS, (a) & FEACK SHRELIL: (b) 2K SHaLL

Figure 6 Influence of hub ratio on fan performance. (a) Full pressure efficiency and hub ratio; (b) full pressure and hub ratio.
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Figure 7 Influence of blade installation angle on fan performance. (a) Full pressure efficiency and blade mounting angle; (b) full pressure and blade

mounting angle.
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Table 4 Reliability analysis results and comparison of fan performance
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Figure 8 The influence curve of the standard deviation of v on the total pressure for fan. (a) Failure probability; (b) reliability index.
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Random-interval hybrid reliability analysis for fan performance in the
presence of epistemic uncertainty

QU XiaoZhang'”, YU JiangHong', YAO QiShui', YANG JiChu” & LU ShuangYan’

' School of Mechanical Engineering, Hunan University of Technology, Zhuzhou 412007, China;
% Hunan Lince Rail Equipment Co., Ltd. Zhuzhou 412001, China

With the aim of reducing fan performance failure, an effective method of fan reliability analysis based on a hybrid uncertainty model
was investigated using a combination of orthogonal test design, an approximation model, and computational fluid dynamics (CFD)
simulation and analysis technology. By introducing interval uncertainty, this method can effectively solve the problem of quantifying
model uncertainty owing to the lack of experimental samples and can greatly expand the applicability of reliability analysis
technology in fluid machinery research. Random and interval uncertainty parameters were introduced to describe the fan system and a
mixed random-interval reliability analysis model of fan performance was established based on the traditional first-order reliability
analysis method. Using CFD analysis of the renormalization group (RNG) model, the flow, pressure, shaft power, efficiency, and
other fan performance parameters were calculated, and the performance function was obtained. Owing to the low efficiency of the
CFD calculation, the effective iterative algorithm of response surface to solve hybrid reliability model was studied, and the failure
probability interval of fan performance was calculated. The method was used to study the fan performance of a rail transit train, and
the failure probability, reliability index, and performance parameter sensitivity and uncertainty were analyzed. The influence of
parameter uncertainty on system reliability was determined, and the engineering measures necessary to improve the fan’s performance
reliability were proposed.

fan performance, reliability analysis, interval parameters, random parameters, hybrid model
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